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TREATMENT OF MULTIPLE SCLEROSIS WITH 
NICOTINIC ACID AND VITAMIN B 1 

PRELIMINARY REPORT 

MATTHEW T MOORE, MD 

PHILADELPHI \ 

The treatment of advanced multiple scleiosis with nicotinic acid and 
a combination of nicotinic acid and thiamin chlonde has yielded 
piomismg lesults m cases m which the patients have failed to lespond 
to theiapies hitherto used While complete remission has not been 
obtained, the use of the treatment suggested heie has lesulted in con- 
tinued symptomatic improvement The potential value of the suggested 
tieatment may be judged m the light of pi evading conceptions of the 
etiology and treatment of multiple scleiosis 

From 1838, when Sir Robert Carswell, as cited by Putnam, 1 first 
described the pathology of multiple scleiosis, up to the present, the tieat- 
ment of this disease has been entirely empiric When one examines the 
diversity of lemedial agents and methods employed, it becomes evident 
that the disarray is occasioned by complete ignoiance of the etiology of 
the disease, coupled with the desire to find a remedy for one of the 
most perplexing and frequently occurring nervous ailments 2 

Many hypotheses have been advanced legal ding the etiology of 
multiple sclerosis, endotoxins and exotoxms, 3 specific organisms, 4 vnus 

Read before the Philadelphia Neurological Society, May 26, 1939 

From the Jewish Hospital and the John L Eckel Neuropathological Laboratory, 
University of Pennsylvania Graduate School of Medicine 

1 Putnam, T J The Centenary of Multiple Sclerosis, Arch Neurol & 
Psychiat 40 806 (Oct ) 1938 

2 Brain, W R Critical Review Disseminated Sclerosis, Quart J Med 
23 *343 (April) 1930 Problems of Disseminated Sclerosis, editorial, J Neurol & 
Psychopath 13 227 (Jan ) 1933 

3 ( a ) Hassin, G The Pathogenesis of Multiple Sclerosis, Arch Neurol 

& Psychiat 7 589 (May) 1922 (&) Brickner, R M Studies on the Pathogenesis 
of Multiple Sclerosis, ibid 23 715 (April) 1930 (c) Jelhffe, S E, and White, 

W A Diseases of the Nervous System, Philadelphia, Lea & Febiger, 1923, p 562 
( d ) Steiner, G Multiple Sclerosis The Etiological Significance of the Regional 
and Occupational Incidence, J Nerv & Ment Dis 88 42 (July) 1938 

(Footnote continued on next page) 

1 
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infection, 4 5 trauma, 3c vasculai clistuibances c and vitamin deficiency 7 aie 
some of the many f actoi s \\ Inch have been charged with producing the 
disease The vanety and uncertainty of the etiologic theories advanced 
are reflected in the foims of treatment which have been used Gowers, 8 
m 1888, suggested the use of arsenic, silver nitrate and quinine , Oppen- 
henn, 9 m 1908, lecommended Ciede’s silver ointment, 10 application of 
the galvanic current to the back oi head, local blood letting (by leeches) 
and Nauheim baths Bnckner, 11 in an excellent summary of the therapy 
of multiple sclerosis, listed an imposing array of lemedies, including, 
among others, various pieparations of antimony and arsenic, fever 
induced by various methods (diathermy, malaria, typhoid vaccine), fever 
in conjunction with drugs, suigical procedures (cervical sympathectomy, 
root section, etc), germamn (leported to be a sodium salt of sym 
bis [m- ammobenzoyl - in - ammo - />-methylbenzoyl-/-naphthylamino-4,6,8- 
tnsulfomc acid] me a), serums, hypnotism, mtraspmal injection of 
lecithin, vaccines and quinine hydrochlonde 

Recently, emphasis has been laid etiologically on the possible implica- 
tions 6 of vascular lesions and therapeutically on the employment of fever 
therapy to promote hypeiemia and an increased flow of blood in neive 
tissue The application of fever theiapy in its various forms (malaria, 
typhoid vaccine, hot baths, diathermy, the Kettering hypertherm) has 
many annoying disadvantages, and indeed dangers, 12 which should make 
welcome a less disturbing method of inducing the changes wrought by 

4 Bullock, W E The Experimental Transmission of Disseminated Sclero- 
sis, Lancet 2 1185, 1913 Steiner, G Multiple Sklerose, Therap Halbmonatsh 
34 68 (Feb 1) 1920 Schuster, G Spirochetes m the Etiology of Certain 
Paralyses, Lancet 1 21 (Jan 1) 1921 

5 Chevassut, K Aetiology of Disseminated Sclerosis, Lancet 1 552 (March 
15) 1930 Purves-Stewart, J A Specific Vaccine Treatment m Disseminated 
Sclerosis, ibid 1 560 (March 15) 1930 

6 Putnam, T J The Pathogenesis of Multiple Sclerosis A Possible 
Vascular Factor, New England J Med 209 876 (Oct 19) 1933, Evidences of 
Vascular Occlusion in Multiple Sclerosis and “Encephalomyelitis,” Arch Neurol 
& Psychiat 37 1298 (June) 1937 

7 Zimmerman, H M , and Burack, E Lesions of the Nervous System 
Resulting from a Deficiency of the Vitamin B Complex, Arch Path 13 207 
(Feb ) 1932 

8 Gowers, W R A Manual of Diseases of the Nervous System, Phila- 
delphia, P Blakiston, Son & Co , 1888, p 930 

9 Oppenheim, H Text-Book of Nervous Diseases, translated by A Bruce, 
ed 5, Edinburgh, Otto Schulze & Co , 1911, vol 1, pp 33 and 350 

10 Crede’s ointment contains 15 per cent of collargol (a proprietary prepara- 
tion of colloidal silver and silver nitrate, stabilized by egg albumin), 5 per cent 
of water, 10 per cent of white wax and 70 per cent of benzoinated lard 

11 Bnckner, R M A Critique of Therapy m Multiple Sclerosis, Bull 

Neurol Inst New York 4 665 (April) 1936 
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this tieatment Smith, Ruffin and Smith 13 reported the successful 
treatment of pellagra with nicotinic acid and described the reaction 
following the intramuscular administration of 60 mg of nicotinic acid , 
“a maiked flushing of the face, neck, chest and arms appeared a few 
minutes aftei mtramusculai injection and lasted fifteen minutes ” 
Similar flushing occuried after the intravenous use of the drug which 
had been dissolved m a solution of 5 per cent dextrose m physiologic 
solution of sodium chloride No discomfoit was experienced by the 
patient 

The description of marked flushing of the skm led me to consider 
the feasibility and advisability of using nicotinic acid in cases of multiple 
sclerosis and to attempt to determine whethei the cerebrospinal nervous 
system becomes hyperemic in a manner similar to that observed in the 
skin If the answer to this query were m the affirmative, some of the 
beneficial effects of fever therapy might be realized by the use of this 
substance and the baneful side effects eliminated 

MATERIAL AND METHOD 

The 5 cases reported here represent, in the main, advanced multiple sclerosis 
Nicotinic acid therapy was begun in the first case on Feb 15, 1938, and has been 
used almost continuously, with a few interruptions, until the time of writing 
Until June 1938 the nicotinic acid was given intramuscularly and intravenously on 
alternate week days The intramuscular dose varied from 60 to 120 mg, dis- 
solved m 10 cc of sterile physiologic solution of sodium chloride The intra- 
venous dose varied from 60 to 160 mg , dissolved in 1,000 cc of 5 per cent dextrose 
in sterile physiologic solution of sodium chloride, and was given over a period 
of approximately one hour After June 4, 1938 the drug was given intramuscularly 
exclusively, in doses varying from 80 to 140 mg, two or three times weekly, 
depending on the patient’s reaction At this time the use of vitamin Bi (thiamm 
chloride) was begun, and it was administered intravenously in doses of 3 32 
mg (10,000 international units) at the height of the cutaneous hyperemia After 
July 18 the nicotinic acid and thiamm chloride were given combined in solution 
with sterile distilled water, each cubic centimeter representing 12 mg of nicotinic 
acid and 3 32 mg of thiamin chloride Ten cubic centimeters of this solution was 
the average intramuscular dose, given into the buttocks It was found that unless 
the solution was heated to about 110 F and drawn into a warm syringe barrel 
immediately before injection the characteristic flushing of the skin and pervading 
body warmth did not develop with any degree of intensity 

In 2 cases thermocouple records of skin temperatures were made to determine 
the degree of hyperemia, and in addition (on another occasion) studies of the 

12 (a) Bennett, A E Evaluation of Artificial Fever Therapy for Neuro- 

psycluatnc Disorders, Arch Neurol & Psychiat 40 1141 (Dec ) 1938 ( b ) 

Collins, R T Transitory Neurological Changes During Hyperthermia, Bull 
Neurol Inst New York 7 291 (Dec ) 1938 

13 Smith, D T , Ruffin, J M , and Smith, S G Pellagra Successfully 
Treated with Nicotinic Acid A Case Report, JAMA 109 2054 (Dec 18) 
1937 
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cerebrospinal fluid pressure (expressed in millimeters of cerebrospinal fluid) were 
made before and during the appearance of the skm reaction Oral tempera- 
tures were also taken at this time Electrocardiographic studies were performed 
on 3 patients before the use of nicotinic acid was begun and several months 
thereafter, to ascertain any changes attributable to its use 

As a result of the finding of increased cerebrospinal fluid pressures and m an 
attempt to answer the query originally posed regarding the possible hyperemia 
of the central nervous system following the use of nicotinic acid, preparations of 
the cat’s brain and cervicothoracic portion of the cord were made to demonstrate 
the reaction of the pial vessels to intramuscular use of the drug With the animal 
under anesthesia induced with sodium amytal (50 mg per kilogram of body weight 
given intraperitoneally), the brain and spinal cord (lower cervical and upper 
thoracic portions) were exposed and the pial vessels photographed before and 
five and ten minutes after the intramuscular injection of 4 cc (48 mg) of a 
solution of nicotinic acid The photographic technic with regard to intensity 
of light, distance and other factors was constant throughout The photographs 
were enlarged 24 diameters to show any changes in the size of the arterial 
vessels and any increase in the number of vessels perceptible 


REPORT OF CASES 

Case 1 — E N , a white man aged 38, married, gave the history of an onset 
of uncertain gait and ready fatigability in June 1933 Because of incoordination 
and easy fatigue he was compelled to quit his work in the delivery room of a 
newspaper When first examined by me in June 1934, he showed bilateral temporal 
pallor of the optic disks , nystagmus on horizontal and vertical gaze , thick 
spastic speech , exaggerated tendon reflexes in the upper and lower limbs , loss 
of abdominal reflexes , diminished cremasteric reflexes , bilateral Hoffmann, 
Babinski, Chaddock and Oppenheim signs, loss of vibration sense in the malleoli 
of both feet , impairment of the senses of position and passive motion in the lower 
limbs, and a spastic, dancing gait Examination of the cerebrospinal fluid showed 
5 cells per cubic millimeter, a negative Wassermann reaction, a colloidal gold 
curve charactei istic of dementia paralytica and 20 mg of protein Hematologic 
studies and the Wassermann test of the blood gave normal results Other 
laboratory studies revealed nothing abnormal The patient was placed on a high 
vitamin diet and given quinine bisulfate, 5 grams (0 325 Gm), two or four times 
a day, for over two months, without showing appreciable change During August 
1934 he began the first series of ten weekly treatments with the Kettering hyper- 
therm The usual procedure for inducing hyperpyrexia was followed in this 
and in subsequent treatments Slight subjective improvement lasted about one 
month, followed by a decline A second series of eleven treatments with the 
Kettering hypertherm was given in 1935, after which there was improvement in 
speech Two more series of inductions of hyperpyrexia were given, beginning 
May 1936 and January 1937, respectively, the total number of treatments being 
thirty-nine His condition became progressively worse, and he was compelled to 
use an improvised walker to get about In addition to intensification of the 
findings at the first examination, there were a positive Romberg sign, bilateral 
ankle clonus, intention tremor and marked difficulty in arising from the seated 
position and in sitting down Five cubic centimeters of histidine monohydrochloride 
(larostidm) was given daily intramuscularly from April 27 to May 7, 1937, 
without change 
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On Feb IS, 1938, he was given for the first time 60 mg of nicotinic acid 
dissolved m 10 cc of sterile physiologic solution of sodium chloride, injected 
into the buttock In three minutes there was a subjective feeling of warmth 
in the face and neck, and in five minutes flushing of the face, neck and shoulders 
appeared, extending later to the chest and back This flushed appearance lasted 
forty-five minutes There was no appreciable change in pulse or blood pressure 
Oral temperatures taken at the time of flushing showed no rise above normal 
The patient was given intramuscular and intravenous injections alternately on 
week days until June 4, 1938 The intravenous injections consisted of 120 mg 
of nicotinic acid dissolved in 1,000 cc of S per cent dextrose in physiologic solu- 
tion of sodium chloride, which was given over a period of one hour With 
intravenous administration the flushing did not appear as rapidly or as intensely as 
with intramuscular injection By June there was considerable subjective and 

Table 1 — Thermocouple Readings of Shut Temper atm e (Case J ) Following 
Intravenous Injection of 1,000 Cc of 5 per Cent, Dextrose in Physiologic 
Solution of Sodium Chloride Containing 140 Mg of Nicotinic Acid 
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objective improvement Subjectively, the patient noted greater ease of movements 
and less stiffness of his limbs, there was also improvement m the gnostic sense 
He was able to walk without the aid of the walker and arose from the sitting 
position with less difficulty than previously Coordination had improved, as shown 
by the various tests On June 4 vitamin Bi (thiamin chloride) therapy was 
begun Injections of 10,000 international units of crystalline vitamin Bi (33 2 
mg of thiamin chloride) dissolved in 1 cc of sterile distilled water were given 
intravenously at the height of the skm flushing This was done three times a 
week until July 18, 1938, when the thiamin chloride (33 2 mg ) was combined 
with nicotinic acid (120 mg) in 10 cc of sterile distilled water and given intra- 
muscularly On September 8 therapy was discontinued for three weeks to see 
if anv change occurred The patient began to show return of the marked 
spasticity and was compelled to resort to use of the walker He complained of 
difficulty in moving his body and m sitting and arising When the nicotinic acid 
and vitamin Bi therapy was renewed he noted improvement within several days 
Complete remission was not obtained, but he felt distinctly better able to walk 
and maneuver his body than previous to this form of medication Laboratory studies 
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of the urine and blood gave essentially normal results Roentgen studies showed 
that the skull and vertebral column were entirely normal Repeated Queckenstedt 
tests revealed no evidence of cerebrospinal fluid block Electrocardiographic 
studies made prior to the use of nicotinic acid and again on October 21 showed 
no appreciable difference in the tracings Thermocouple readings of skin tempera- 
ture taken on May 25, 1938, when an intravenous injection of 1,000 cc of 5 
per cent dextrose in physiologic solution of sodium chloride containing 140 mg of 
nicotinic acid was given, are shown in table 1 On October 15 a lumbar puncture 
was performed, with the patient m the recumbent position, and pressure leadings, 



Fig 1 (case 1) — Manometric readings showing a sustained rise of cerebro- 
spinal fluid pressure coincident with the active flushing of the skin following 
intramuscular injection of a solution of 168 mg of nicotinic acid 


expressed in millimeters, of cerebrospinal fluid, were made at thirty second 
intervals for twenty-five minutes, the pressures were noted previous to and after 
the intramuscular injection of 14 cc of a solution containing 12 mg of nicotinic 
acid per cubic centimeter of distilled water 

Case 2 — E I , a white woman aged 47, a housewife, first noticed difficulty in 
walking during the summer of 1934 At first her left leg gave way under her, 
and then both legs became involved She tired easily when walking and experienced 
an occasional “peculiar numbness” of her lower limbs At times she felt an 
electnc-like sensation along her spine She also complained of urgency in 
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urination She received manipulative treatments, but despite this her condition 
became worse When I first examined her m October 1935, she complained of 
the symptoms mentioned, plus difficulty in playing the piano because of slight 
stiffness of her fingers Examination showed temporal pallor of both optic disks, 
incoordination in the finger to nose test, exaggerated biceps and triceps reflexes, 
more marked on the left, a Hoffmann sign bilaterally, that on the left side pie- 
dominatmg, absence of abdominal reflexes, exaggerated knee jerks and a more 
marked ankle jerk on the left, a Babmski sign and ankle clonus bilaterally, 
and a spastic ataxic gait Laboratory studies pei formed in December 1935 showed 
that the blood and urine were normal, the Queckenstedt test revealed no evidence 
of cerebrospinal fluid block, examination of the cerebrospinal fluid showed 10 
cells per cubic millimeter, a negative Wassermann reaction, a colloidal gold curve 
of 1123220000 and a negative Wasseimann reaction of the blood Roenlgenographic 
studies of the skull and vertebral column showed nothing abnormal The patient 
was given a series of hyperpyrexia treatments, typhoid vaccine being given intra- 
venously, m addition, forced cerebrospinal fluid drainage was carried out by the 
method of Retan There was a moderate degree of improi ement for several months 
m the subjective feeling of less stiffness of the limbs and in walking Later there 
was a gradual decline, however, and quinine bisulfate was given in doses of 10 to 
20 grains (0 65 to 1 3 Gm ) daily, depending on the degree of tolerance No 
appreciable subjective or objective change was noticed, in fact during July 1936 
complete paraplegia developed, lasting three weeks, from which the patient slowly 
recovered Several alternating courses of bismuth, mercury and iodides produced 
no change Again during the summer of 1937 marked difficulty in standing 
developed, the patient being unable to walk, and she was entirely unable to play 
the piano There were extreme incoordination and ataxia A second series of 
hyperpyrexia treatments with typhoid vaccine failed to alter the downhill course 

On March 3, 1938, treatment with nicotinic acid was begun, and the method of 
injection outlined under “Material and Method” was carried out A description 
by the patient of the sensations she experienced after an injection of nicotinic acid 
and vitamin Bi follows 

“Within a few seconds to half a minute there is a sulfur-like taste in the mouth 
Three minutes after injection a flush begins in the face, accompanied by a hot 
prickly sensation, it spreads quickly to the chest, thence it begins cieepmg down 
the arms to the elbows, then on down to the finger tips — the third finger m each 
hand feeling it especially, a tingling with tight sensation at the tip It continues 
cieeping down the body to the hips In fifteen minutes the tingling sensation 
reaches the knees and begins to recede from the face and to increase in the lower 
limbs, the knees aie hot, but the ankles are cold The tingling sensation begins 
in the feet, though the feet are still cold Marked stiffness m the legs begins 
In twenty-five minutes the legs below the knees begin to feel hot In thirty 
minutes the feet begin to get hot and prickly The face is still flushed, but tingling 
is only slight In forty-five minutes the sensation of heat is still increasing In 
one hour the legs are extremely stiff and hot There is slight headache The flush 
has gone from the face and chest There is loss of appetite At two hours, after 
arising, there is an odd sensation along the spinal column, such as when the back is 
very tired Otherwise the condition is unchanged The sensation of heat is still 
increasing in the feet after two and a halt hours After five or six hours the lower 
limbs are just comfortably warm By the following afternoon the stiffness in 
the lower limbs begins to wear off After injection there is noticeable absence 
of pains m the legs and ankles , there is a stretchy, pully feeling during the night , 
a sensation of ‘going to sleep’ comes on after sitting still for a while ” 
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Within two weeks after treatment was instituted she noticed improvement in 
walking and began to regain hei ability to play the piano The sensation of numb- 
ness of hei lower limbs disappeared within six to eight weeks On two occasions 
therapy was stopped for two weeks in older to determine if any change would 
occur During one of these interludes injections of sterile distilled water were 
substituted During each two week interval theie were a definite increase m 
spasticity of the four limbs, great difficulty in walking and increased incoordination 
and ataxia of the upper limbs She insisted that a change for the worse had taken 
place On returning to the use of nicotinic acid and thiamin chloride she noticed 
appreciable lessening of spasticity, and at the time of writing she can play the piano 
fairly well and walk about the house, albeit in a spastic manner The exaggerated 
tendon reflex activity, pathologic leflexes and sensory changes have not altered 
Disturbances of the bowel 01 bladder have not supervened 

Case 3 — A L , a white woman aged 49, m 1928 noticed unsteadiness of gait, 
which was followed in a shoit time by inability to walk without assistance Speech 
difficulty developed Examination showed a labored, spastic gait and dragging of 
both feet when using an improvised supportive walker (she was unable to walk 
without its aid), incoordination and ataxia of the upper limbs, exaggerated tendon 
reflexes throughout, absence of abdominal reflexes, a Babinski sign bilaterally and 
marked pallor of the temporal aspects of both disks She had great difficulty 
in moving her body and in getting out of bed In Febiuary 1937 she was given 
quinine bisulfate, 5 grams (0 325 Gm ), three times a day for approximately three 
months, without improvement Later histidine monohydrochloride, 5 cc intra- 
muscularly, was given daily for two months, and no impiovement was noted On 
March 1, 1938 nicotinic acid therapy was begun and carried out in a manner 
similar to that in the preceding cases The cutaneous reaction to nicotinic acid 
was much the same as in case 1 There was no rise of oral temperature during 
the height of flushing of the skin When thiamm chloride was added the patient 
noticed a peculiar taste m her mouth, but was unable to describe it She began 
to notice improvement in walking about one month after therapy was begun She 
stated that she no longer dragged her feet so much and was able to bend her legs 
at the knees and lift her feet from the ground Later she noticed ease in moving 
her body and was elated about it Changes in the objective neurologic signs were 
not noticed This patient had mvar'ably refused previous forms of treatment after a 
few months’ trial when they failed to reward her with improvement, but she 
welcomed the injections of nicotinic acid and vitamin Bi and requested their 
continuance 

Laboratory studies gave essentially normal results Electrocardiographic studies, 
made on March 4 and Oct 20, 1938, showed no change in the tracings on the two 
dates 

Case 4 — M P , a white man aged 32, formerly an electrician, dated his illness 
from 1927, when he complained of severe pains in the back of his neck Shortly 
afterward staggering and uncertainty in walking appeared The legs became stiff, 
and bladder disturbance appeared early in the course of the disease and has been 
present since Speech difficulty began in 1930 He became increasingly spastic, 
and involvement of the arms recently developed For the past one and a half years 
he has been unable to walk and uses a wheel chair 

In 1928 his condition was diagnosed as multiple sclerosis at a hospital for 
neurologic diseases, and germanin was administered from September 1928 to 
July 1929, without improvement He was later treated at five other institutions, 
before entering the Jewish Hospital in April 1938 He had leceived quinine 
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bisulfate and hyperpyrexia treatments with diathermy and the Kettering hypertherm, 
and had been placed on a dehydration legimen, but at no time was a remission 
induced 

In April 1938 he presented a picture of extreme boardlike spasticity of the lower 
limbs, which usually were crossed and which could not be uncrossed voluntarily 
He had great difficulty in moving m bed and was unable to lift himself from the 
recumbent position There were bilateral nystagmus, lateral and vertical, pallor 
of both disks, intention tremor, scanning speech, exaggerated biceps and triceps 
reflexes bilaterally, absence of cremasteric reflexes, spasticity of the legs so 
marked at times as to make it impossible to obtain the knee jerks, or to make 
them, when obtainable, greatly exaggerated, bilateral Babmski and Chaddock 
signs, and loss of sense of vibration and passive motion in the lower limbs 
Hematologic studies, urinalysis, a Wassermann test of the blood and cerebrospinal 
fluid studies gave normal results The Queckenstedt reaction was negative 
Roentgenographic studies of the skull and \ ertebral column and pneumomyelographic 

Table 2 — Thermocouple Readings of Skin Tempeiatuie (Case 4j Following 
Intramuscular Injection of 10 Cc of a Solution of Nicotinic Acid 
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examination gave normal results In the latter pai f of April 1938 vitamin B 
therapy was begun as outlined in the preceding cases After injection of nicotimc 
acid there developed, beginning in about three minutes, redness of the face and 
neck and patchy flushing of the shoulders, arms and trunk and even the legs, the 
most intense of any of the reactions in patients receiving the drug The first 
evidence of change was a subjective feeling of relaxation of the trunk and greater 
ease in moving his body This occurred in June 1938, and in July he was able 
to uncross his legs voluntarily and to move them somewhat His arms became 
less stiff, so that he could manipulate his wheel chair with increased facility He 
managed to lift himself up m bed and to get m and out of bed, which previously 
was impossible He invariably requested that the injections be continued after a 
brief interruption of treatment The improiement has been limited thus far to 
a definite subjective feeling of lessening of rigidity and the objective finding of 
diminished spasticity of the lower limbs and trunk and improved coordination of 
the upper limbs He is now able for the first time m years to stand while holding 
on to the bedstead The pathologic neurologic signs are unchanged • Electro- 
cardiograms taken on April 26 and Oct 20, 1938, showed no difference m the 
tracings as the result of tieatment 
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Case S — J D , a white man aged 29, a hardwood finisher b> trade, noticed 
difficulty in walking in January 1935 The right leg was affected first, and he 
experienced numbness of the tips of the fingers of the left hand In February 
1935 he entered a hospital, where he received ten treatments with the Kettering 



Fig 2 (case 4) — Manometric readings following the intramuscular injection 
of 10 cc of a solution of nicotinic acid (120 mg), showing the rise of cerebro- 
spinal fluid pressure during the time of active flushing of the skin 



Fig 3 — 1, surface of a cat’s brain before injection of nicotinic acid 2, five 
minutes after the intramuscular injection of 48 mg of nicotinic acid Note the 
increased caliber of the large vessels and the duskiness of the cortex, due to the 
increased capillary filling 

hypertherm After leaving the hospital the left leg became stiff and weak, the 
right hand “curled up,” and he had difficulty in straightening jt Both legs drew 
up and were very stiff He had difficulty in starting the urinary stream and 




Fig 4 — A, enlargement (24 diameters) of the pial arterj shown in figure 
3, 1 A A', the same vessel five minutes after intramuscular injection of 48 mg 
of nicotinic acid There is not only an increase in the diameter of the arteries 
but an increased blood flow, as indicated by the photographic density of the 
arteries Note also the increased number of smaller vessels visible 



Fig 5 —B, enlargement (24 diameters) of the pial artery shown m figure 3, 
IB B', the same vessel five minutes after injection of nicotinic acid 
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Fig 6 — A, vessels on the doral aspect of the spinal cord previous to the 
injection of nicotinic acid A', same vessels as those shown in A ten minutes after 
the intramuscular injection of 48 mg of nicotinic acid 



Fig 7 — A, enlargement (24 diameters) of the vessel shown in figure 6 A 
A 1 , enlargement (24 diameters) of the same vessel ten minutes after the injec- 
tion of nicotinic acid 
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trouble with his bowels He entered another hospital, where he again was given 
ten hyperpyrexia treatments, without benefit On May 24, 1938, he entered the 
Jewish Hospital He then complained of marked stiffness of both legs, inability 
to walk or to move his body while in bed, weakness of both hands, numbness of 
both legs, “as if they were dead” and an electric-like sensation down his back, 
as well as the symptoms already enumerated The significant neurologic findings 
were temporal pallor of the right disk, atrophy of the intrinsic muscles of both 
hands, atrophy of the right forearm, marked weakness of both hands, with poor 
hand grip, incoordination of both upper limbs, exaggerated biceps and triceps 
reflexes , a Hoffmann sign bilaterally , absence of abdominal reflexes , exaggerated 
patellar and achilles reflexes bilaterally, bilateral Babinski and Chaddock signs, 
bilateral ankle clonus, spontaneous clonus of both legs whenever he attempted to 
lift himself in bed, loss of the senses of vibration and position in the lower limbs, 
foot drop, and inability to move his toes He was unable to use his arms in 
feeding or dressing himself and could not hold a cigaret when he desired to 
smoke Hematologic studies, urinalysis, serologic tests and examination of the 
spinal fluid gave normal results The Queckenstedt reaction w'as negative 
Roentgen studies of the skull and entire vertebral column showed no abnormalities 
Treatment with nicotinic acid was begun May 31, 1938, and the combined 
nicotinic acid-vitamin Bi therapy was started on June 9 Within one week he 
noticed increased strength in his hand grip, and he had begun to move his toes 
By July 9 he was able to move his body freely and was able to sit up in bed 
and m an armchair The marked rigidity of the legs had diminished greatly 
He stopped treatment for two months, and during this time there was considerable 
regression, but not to his previous state Treatment was resumed Sept 10, 
1938, w;th three injections weekly He noticed improvement m a short time, 
with decrease in spasticity and cessation of the electric-like sensation in his spine, 
and for the first time he was able to use his hands in eating, smoking and 
dressing He stated that with this form of treatment he had greater use of his 
limbs and body than at any time since he completed his first series of hyper- 
pyrexia treatments, in the spring of 1935 This patient noted also the sulfur-like 
taste within eight to fifteen seconds after injection of the mixed drugs 

COMMENT 

The disease m the cases described may be classified as belonging 
to the intermediate and helpless stages, and as being of the chronic 
piogiessive type without remissions 31 Piioi to the use of nicotinic acid 
and vitamin B lf the patients received m the aggregate the following 
forms of treatment quinine bisulfate, geimamn, high vitamin diet, 
hyperpyrexia (typhoid vaccine intravenously, diathermy, Kettering 
hypertheim) , foiced cerebrospinal fluid drainage, and histidine mono- 
hydrochlonde 

Of the vanous therapies employed, hyperpyrexia appeared to pioduce 
a temporaiy improvement in most instances, except m case 5, m which 
the patient was made worse In no instance did hyperpyrexia consum- 
mate a remission In fact, after the short-lived improvement the patients 
stated that there was a noticeable decline in their ability to get about 
It is evident that certain biochemical and physiologic changes occur 
incident to fever therapy, irrespective of the method of induction, which 
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bring about improvement during the course of the treatment and for 
a short time thereafter Bennett 12a stated 

The common denominator of all methods, whether employing infectious, biologic, 
chemical or physical means, is simply increased body temperature or artificial 
fever Fever per se increases the velocity of the blood, produces vasodilation 

and elevates the basal metabolism 

Regarding the use of fever in treatment of multiple sclerosis, Bennett 12a 
said 

Artificial fever therapy produces no permanent therapeutic effects which alter 
the course of the disease In certain early stages of the disease it may produce 
transient temporary remissions, but in advanced stages it is of little or no value 
and may do harm 

This conclusion was not shared by such investigators as Stephenson , 14 
Dreyfus and Mayer , 15 Schmidt and Weiss , 15 Neymann and Osborne 17 
and Weiss , 18 who presented a more optimistic picture of the results 
obtained by hyperpyrexia The factors of vasodilatation and increased 
blood flow, as observed m fever theiapy, result m an increase m tissue 
oxidation and nutrition 

Vasodilatation and increased blood velocity affecting the brain and 
spinal cord may be induced by ganglionectomy and sympathectomy 
Favorable results have been reported by Wetherell , 19 Royle 20 and Koch 
and de Savitsch 21 In fever theiapy the process of vasodilatation and 
increased blood velocity is essentially a generalized one, whereas after 
ganglionectomy or sympathectomy the resultant vasodilatation lies within 
the area supplied by the removed stellate oi sympathetic ganglia The 
beneficial effects of vasodilatation and increased blood flow achieved 
by fever therapy and sympathectomy can be obtained through the use 

14 Stephenson, J Diathermy in Multiple Sclerosis Report of Progress, 
Physical Therap 46 3 73 (Aug ) 1928 

15 Dreyfus, G L , and Mayer, K Vier Jahre Malanabehandlung der 
multiplen Sklerose, Deutsche Ztschr f Nervenh 111 68, 1929 

16 Schmidt, W H , and Weiss, B P Fever Produced by Diathermy Its 
Value in Multiple Sclerosis and Other Chronic Diseases, Physical Therap 49 
336 (Sept) 1931 

17 Neymann, C A , and Osborne, S L The Treatment of Some Multiple 
Sclerotics by Electropyrexia, J Nerv & Ment Dis 79 423 (April) 1934 

18 Weiss, B P Further Observations on the Treatment of Multiple Scle- 
rosis by Hyperpyrexia, M Rec 142 489 (Dec 4) 1935 

19 Wetherell, F Multiple Sclerosis Cervicodorsal Sympathectomy as a 
Relief Measure, Report of a Case, JAMA 102 1754 (May 26) 1934 

20 Royle, N D The Surgical Treatment of Disseminated Sclerosis, M J 
Australia 1 586 (May 13) 1933 

21 Koch, C F, and de Savitsch, E Surgical Treatment of Disseminated 
Sclerosis by Sympathectomy and Ganglionectomy Technique by the Anterior 
Approach, Brit M J 1 1254 (June 11) 1938 
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of nicotinic acid without the difficulties, complications and dangers 22 
incident to these methods 

Nicotinic acid when given m propei doses mtiavenously or mtia- 
musculaily pioduces vasodilatation in the skm of the face, neck, chest 
and extiennties, as has been observed by Smith, Ruffin and Smith, 13 
and subsequently by otheis 23 and m this series of cases The readings 
of skm tempeiatures, as shown m tables 1 and 2, are the measuiable 
objective evidence of vasodilatation and increased blood velocity m the 
skm In view of the pathologic changes of multiple sclerosis centenng 
in the spinal cord and bram, the goal of therapy is to alter oi to airest, 
if possible, the progress of an existing reveisible pathologic piocess m 
these tissues 

The evidence presented m this paper that nicotinic acid pioduces 
vasodilatation and increased blood flow in the biam and spinal cord 
is based on the rise of cerebrospinal fluid pressuie dui mg the period 
of flushing of the skm, as shown m figuies 1 and 2, and the photogiaphic 
visualization of dilated vessels and increased capillary filling m the 
biam and spinal coid of the cat (figs 3, 4, 5, 6 and 7) Elsberg and 
Hare, 21 m their studies oil the amyl nitrite test foi spinal subaiachnoid 
block, showed that “amyl nitiite, given by inhalation, does pioduce a 
definite rise of intracranial pressure, which m an individual with an 
unobstiucted spinal subarachnoid space can be easily measuied by a 
spinal manometer ” The rise of mtiaciamal pressure after the inhalation 
of amyl nitrite is due to the expulsion of ceiebrospmal fluid from the 
cranial cavity incident to an increased volume of the biam brought 
about by extensive dilatation of the ceiebral vessels, 25 and m all 
probability of the spinal vessels as well 24 The rise of cerebrospinal 
fluid pressuie, as obseived m cases 1 and 4, following the injection of 
nicotinic acid and coming on coincidentally with the subjective feeling 
of warmth and the objective appeal ance of flushing of the skm, is 
presumptive evidence of vasodilatation within the biam The exposed 
bram and ceivicothoiacic poition of the cord of the cal showed vaso- 

22 Hartman, F W Lesions of the Brain Following Fever Therapy Etiology 
and Pathogenesis, JAMA 109 2116 (Dec 25) 1937 Bennett 120 Collins 12b 

23 (a) Spies, T D , Cooper, C , and Blankenhorn, M A The Use of 

Nicotinic Acid in the Treatment of Pellagra, JAMA 110 622 (Feb 26) 
1938 ( b ) Spies, T D , Bean, W B , and Stone, R E The Treatment of 

Subchnical and Classic Pellagra Use of Nicotinic Acid, Nicotinic Acid Amide 
and Sodium Nicotinate, with Special Reference to the Vasodilator Action and 
the Effect on Mental Symptoms, ibid 111 584 (Aug 13) 1938 

24 Elsberg, C A , and Hare, C C A New and Simplified Manometric Test 
for the Determination of Spinal Subaiachnoid Block by Means of the Inhalation 
of Nitrite of Amyl, Bull Neurol Inst New York 2.347 (Nov ) 1932 

25 Sollmann, T A Manual of Pharmacology, Philadelphia, W B Saunders 
Company, 1936, pp 479-481 
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dilatation both visually and photographically after the mtramusculai 
injection of nicotinic acid, this was most evident at the height of 
“pinking” of the cat’s tongue and dental mucous membrane and con- 
stitutes the duect evidence of an increased blood flow in the brain and 
spinal cold produced by nicotinic acid 

The favorable results obtained in the cases reported may be due in 
part to the increased oxidation and nutrition of the bram and spinal 
cord brought about by the improved blood supply Whether the salutary 
effect of nicotinic acid is due solely to its effect on the vasculature of 
the brain and spinal cord or to the possible additional role of nicotinic 
acid as a vitamin cannot be answered with any degree of certainty 
within the scope of this paper Hopkins 20 placed nicotinic acid among 
the essential vitamins and assigned to it the impoitant place of con- 
tributing to the complex structure of coenzymes part of the function 
of which consists of transferring hydrogen to oxygen Thus nicotinic 
acid, m its biocatalytic action, may have some influence on the altered 
molecular state of the diseased nerve tissues in multiple scleiosis 

Although patients with pellagra 27 have responded favoiably to the 
use of nicotinic acid as legal ds nervous and mental symptoms, it 
cannot be said that nicotinic acid alone was responsible for the effect 
on the neive tissue Spies, Cooper and Blankenhoi n 23n and Spies 
and Armg 28 have shown that vitamin B x deficiency is the factoi m 
pellagra producing the penpheral neuritic phenomena Lewy 29 stated 
that “the basic factor in most, if not all neuropathies, is a B avitamin- 
osis ” Nicotinic acid has been shown by Williams and Spies 30 to be 
part of the vitamin B complex Depnvation of vitamin B x results in 
disturbance m the normal combustion of carbohydrates and the accu- 
mulation of pyiuvic acid in the nervous system, both of these deviations 
from the normal produce significant physiologic and pathologic changes 
m neive tissue, and replenishing of vitamin Bj restoies the ability 
of the nervous system to handle properly pyruvic acid and dextiose 31 

26 Hopkins, F G Biological Thought and Chemical Thought, Lancet 1 1201 
(May 28) 1938 

27 Matthews, R S Pellagra and Nicotinic Acid, JAMA 111 1148 
(Sept 24) 1938 Spies, Bean and Stone 23b 

28 Spies, T D , and Aring, C D The Effect of Vitamin Bi on the 

Peripheral Neuritis of Pellagra, JAMA 110 1081 (April 2) 1938 

29 Lewy, F H Vitamin B Deficiency and Nervous Diseases, J Nerv & Ment 
Dis 89 1 (Jan) 1939 

30 Williams, R R, and Spies, T B Vitamin Bi (Thiamin) and Its Use 
in Medicine, New York, The Macmillan Company, 1938, p 131 

31 Lipschitz, M A , Potter, V R , and Elvehjem, C A The Metabolism 
of Pyruvic Acid in Vitamin Bi Deficiency and in Inanition, J Biol Chem 123 * 
267 (March) 1938 Hopkins 26 
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Vitamin B x was used m conjunction with nicotinic acid m this senes 
of cases, admittedly on an empnic basis It was felt that whatever 
effect thiamin chloride may have on diseased neive tissues, m the light 
of the foiegoing piesentation, its effect would be enhanced if it was 
active at the time vasodilation and impioved blood supply weie opeiative 
during the action of nicotinic acid 

Vitamin B t has been used by Stem 32 m tieatment of a lather 
impiessive list of conditions, among which is included multiple scleiosis 
He administered the substance intraspinally and leported encoui aging 
lesults To my knowledge, there have been no repoits m the liter- 
ature regarding the use of nicotinic acid m tieatment of multiple 
sclerosis 

In every case m this senes m which nicotinic acid-vitamin B x theiapy 
was halted for a period theie was a letuin of incapacitating spasticity 
and incoordination, however, these symptoms were ameliorated within 
several days, or at most a fortnight, on restitution of treatment The 
patients have been the severest judges concerning the lelief they expen - 
ence fiom the drugs, and m every case they have requested the return 
to their use after cessation of treatment for a short time 

An important question arises concerning the possible untowaid 
effects of prolonged theiapy and the large dose employed — as apparently 
is necessary m treatment of multiple sclerosis with nicotinic acid and vita- 
min B x It will be seen from the case reports that tieatment has been 
in effect m case 1 since Feb 15, 1938, m case 2 since Maich 3, 1938, 
m case 3 since March 1, 1938, m case 4 since the latter part of April 
1938, and m case 5 since May 31, 1938 To date, untoward symptoms 
have not been encountered, and laboiatory and electiocardiogiaphic 
studies have not shown evidence of harmful effects 

To be suie, complete remissions have not been achieved by the use 
of nicotinic acid and vitamin B x m the cases reported On the other hand, 
these cases weie instances of advanced multiple sclerosis m which many 
foims of therapy had been used without appreciably arresting the 
progiess of the disease, in 2 of the cases previous treatment had even 
aggiavated the condition Eveiy patient noticed improvement m bodily 
movements and in walking The patient in case 2 has been restoied 
to her aptitude at the piano and has lost the annoying paraesthesias 
Patient 4 is now able to stand and has oveicome much of his extreme 
spasticity Patient 5 is no longer bedridden and can move his legs, 
stand while assisted and use his aims, which were previously power- 
less, for purposes of dressing and eating It is evident, therefoie, 

32 Stern, E L The Intraspmal (Subarachnoid) Injection of Vitamin Bi 
for the Relief of Intractable Pam, and for Inflammatory and Degeneratne Dis- 
eases of the Central Nervous System, Am J Surg 34 495 (March) 1938 



18 


ARCHIVES OF INTERNAL MEDICINE 


that some improvement has resulted and, what is more significant, a 
stop has been called to the previous downward course in these cases 
What effect nicotinic acid-vitamin B x theiapy may have in cases 
of early multiple sclerosis is still to be detei mined Further investiga- 
tion m such cases with both nicotinic acid and vitamin B x , by use of 
other modes of administration and other doses, may yield more encourag- 
ing results and perhaps thi ow light on the many bhndspots in knowledge 
of multiple sclerosis 


SUMMARY AND CONCLUSIONS 

Five cases of advanced multiple scleiosis m which many foims of 
tieatment had been used without appieciably halting the progress of 
the disease and in which the patients were tieated with nicotinic acid 
and vitamin B x ai e reported 

Nicotinic acid produces vasodilatation not only of the skin but also 
of the biam and spinal cord 

Nicotinic acid and vitamin B x (thiamin chlonde) may be given 
parenteially m consideiable doses (nicotinic acid, 120 mg , thiamin 
chloride, 33 2 mg) for prolonged penods without apparent harmful 
effects 

Subjective and objective evidence of continued impiovement has 
followed the parenteral use of nicotinic acid and vitamin B x m the cases 
of multiple sclerosis here reported 

1813 Delancey Street 


DISCUSSION 

Dr J C Yashin Several thoughts occur m connection with a presentation 
of this sort First, there are two diseases treatment of which is notoriously 
difficult to evaluate — Parkinson’s disease and multiple sclerosis Second, one knows 
that multiple sclerosis does have remissions, even when well advanced Third, 
a great many patients with multiple sclerosis are easily influenced by suggestion, 
especially is this true of Dr Moore’s second patient, whom, I believe, I saw in 
the Orthopaedic Hospital Fourth, some have been using vitamin Bi in treatment 
of multiple sclerosis As a matter of fact, the routine is, when possible, to give 
fever therapy with the hope that the disease is of virus origin and that some of 
the organisms may be killed After this, quinine, liver, liver extract and wine 
are given when the patients can afford these agents, and I can assure Dr Moore 
that a number of patients have shown consideiable improvement when they have 
taken vitamin Bi and liver Last, although Dr Moore had 1 patient under his 
observation only a few months, it is a year from the time of beginning the treat- 
ment Although it is difficult to evaluate results, all in all, any one who can 
suggest something useful in the treatment of multiple sclerosis deserves a great 
deal of credit 

Dr Michael Scott I was much interested in Dr Moore’s experimental 
work with nicotinic acid It was given to 1 patient at Temple University Hos- 
pital while on the operating table, and the exposed brain was observed I did 
not see any change, however, that was in only 1 case, and only part of the tem- 
poral lobe was exposed 
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Dr A Silverstein Dr Moore’s second patient, I think, went the rounds 
of every neurologist m Philadelphia I saw him years ago, he had early signs 
of multiple sclerosis, but there was such a marked psychogenic overlay that the 
question of hysteria was considered He was highly suggestible, and still is 
He is now at the Philadelphia Home for Incurables, and is absolutely disabled 
If one asks him how he is getting along, he says “I feel fine, as long as I get 
that injection in me” On the day on which he does not receive an injection he 
feels sick I have never seen the man stand He still has severe spasticity, it 
all depends on what one means by making a person better As far as he is con- 
cerned, he is disabled Aside from the upper extremities, he is a cripple I have 
seen 4 patients who ha\e objected rather strenuously to this treatment 

Dr A Ornsteen Does Dr Moore think that the response is due entirely 
to vasodilatation, to the exclusion of the replacement therapy of avitaminoses’ 

Dr Matthew T Moore I realize fully that in bringing forth any new form 
of therapy of multiple sclerosis I am embarking on a stormy sea However, any 
method or procedure that promises the slightest step forward in treatment of this 
particularly distressing disease will be of value 

As regards remissions in multiple sclerosis Many patients do show remis- 
sions, but the recent article by Brown and Putnam (Remissions in Multiple 
Sclerosis, Aich Neurol & Psycluat 41*913 [May] 1939) showed clearly, I 
believe, the statistical evidence regarding remissions and the type of cases m 
which the remissions occur They stated that m cases m which the lesions are 
small, producing such symptoms as diplopia, the probability of remissions is 
greater and the duration of the remission longer, in cases in which the lesions 
are large, producing paraplegias and advanced pathologic reflexes, the hope of 
remission is slight The part played by suggestion I have, of course, taken into 
consideration Any patient with a distressing disease, such as multiple sclerosis, 
m which the outlook is hopeless is always amenable to wishful thinking, to any 
hope that can be held out to him, and therefore is highly suggestible 

As I indicated by the lantern slide illustrations, nicotinic acid was used because 
I believe that if hyperemia similar to that in the skin could be brought about 
in the neivous system one could dispense with fever therapy and its deleterious 
effects on nerve tissue Bennett, Hartman and others have shown that definite 
pathologic changes may occur in the brain and spinal cord as the result of fevei 
therapy 

The statement that multiple sclerosis may be of virus origin is open to serious 
question Pathologically, it is a degenerative disease from the start As regards 
the end results in this series I have been using this therapy for a year and 
three months in 2 cases and for a year m the remaining 3 cases, in the first 2 
cases the improvement has been encouraging, despite the advanced stage of the 
disease m both 

In reply to Dr Scott regarding the appearance of the bram after the injection 
of nicotinic acid The “pinking” of the cerebral cortex is more or less deter- 
mined by the dose of nicotinic acid In man, unless 60 mg of nicotinic acid is 
given as a minimum dose, there may not be any appreciable response 

None of the patients noted a favorable response in less than a week The 
spasticity never decreased immediately The diminution m spasticity was of a 
subjective character first There was diminution m spasticity that could be 
observed objectively later, that this was not due to suggestion was simply shown 
in case 1 and m case 5, which I did not describe, that of a man who was abso- 
lutely bedridden and had not been able to move his body or lower limbs for six 
months In two weeks he was able to move his toes, and m three months to undress 
himself As regards the mental reaction of the second patient, mentioned by 
Dr Silverstein, it is true he was suggestible This man had the most advanced 
multiple sclerosis I have seen, with pronounced spasticity — so extreme that I was 
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afraid he had a tumor of the cord extending upward into the foramen magnum, 
however, careful studies eliminated this possibility This patient was admitted 
with extreme spasticity and crossing of the legs He can now uncross his legs 
voluntarily and is able to move in bed, which he formerly could not do 

As to Dr Ornsteen’s question regarding vasodilatation versus replacement 
therapy I have used nicotinic acid on the basis of the effects of vasodilatation, 
increased oxidation and improved nutrition, which appear concomitantly with 
increased blood flow m the nervous system As far as the replacement theiapy 
is concerned, one knows that vitamin Bi unquestionably plays a role in the degen- 
erative neuropathies, for that leason, the two drugs were used simultaneously 
to obtain a complementary effect 



EFFECT OF THE RETICULOCYTOGENIC PRINCIPLE 
IN URINE IN THE TREATMENT OF 
PERNICIOUS ANEMIA 

G E WAICERLIN, MD, PhD 

CHICAGO 

Noimal human urine contains a substance which, like the anti- 
peinicious anemia principle m liver, is reticulocytogemc for the pigeon, 
rat and guinea pig 1 An extiact of noimal human urme prepared by 
a method basically that used for liver extiacts has been found to be 
reticulocytogemc foi the pigeon 2 Decastello 3 reported that normal 
human urme admimsteied intramuscularly 01 rectally is effective m 
the tieatment of pernicious anemia, and McCann 4 found that kidney 
given by mouth is effective These findings suggested the possible 
identity or similarity of the reticulocytogemc pi maple m mine and the 
hemopoietic principle m liver In view of the nonspecificity of the 
pigeon, lat and guinea pig bioassay methods foi the hemopoietic 
pi mciple in liver, the possibility of urinai y excretion of the principle 
was studied by admimstenng the mine extract previously mentioned 
orally and mti amuscularly to patients with pernicious anemia A pie- 
limmaiy leport of the effect of mtiamuscular injections of the urme 
extiact in cases of pernicious anemia has been published 6 

From the Department of Physiology, College of Medicine, University of Illinois, 
and the Department of Physiology and Pharmacology, University of Louisville 
School of Medicine 

1 Wakerlm, G E, and Bruner, H D Presence in Normal Human Urine 
of a Reticulocyte-Stimulating Principle for the Pigeon, Arch Int Med 57 1032 
(May) 1936 Liener, G Ueber antianamisch wirksame Substanzen im Harn, 
Wien klin Wchnschr 48*559, 1935 Walters, 0 S Reticulocytogemc Action 
of Pernicious Anemia Urme Extracts, Am J Physiol 116*158, 1936 

2 Wakerhn, G E , Bruner, H D , and Kinsman, J M A Modified Pigeon 
Method for the Bioassay of Anti-Pernicious Anemia Liver Extracts, J Pharmacol 
& Expei Therap 58*1, 1936 

3 Decastello, A Ueber antianamisch wirksame Substanzen im Harn, Med 
Klin 31:377, 1935 

4 McCann, W S Effect of Kidney on Blood Regeneration in Pernicious 
Anemia, Proc Soc Exper Biol & Med 25 255, 1928 

5 Wakerlm, G E The Relation of the Reticulocytogemc Urme Principle 
to the Hemopoietic or Antipernicious Anemia Liver Principle, Am J Pbvsiol 
119.417, 1937 
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METHOD 

Urine extract was prepared by concentrating normal human urine to a small 
volume in vacuo at a temperature of 37 C, adding sufficient 95 per cent alcohol 
U S P to give a concentration of 70 per cent, concentrating the resulting filtrate 
in vacuo to a small volume at 37 C , adding sufficient 100 per cent alcohol U S P 
to give a concentration of 95 per cent and collecting and drying the precipitate 
The precipitate derived from 600 cc of urine and equivalent in reticulocytogemc 
effect on the the pigeon to the parenteral liver extract derived from 1,000 Gm 
of liver was divided into two capsules, which were administered by mouth 
daily for ten days to each of a group of 3 patients with pernicious anemia For 
intramuscular injection the precipitate was dissolved in sufficient physiologic solution 
of sodium chloride containing 0 5 per cent phenol to give a 1 20 ratio for the 



Chart 1 — Effect on hemoglobin, red blood cells and reticulocytes of oral adminis- 
tration of urine extract and intramuscular administration of liver extract 


volume of the extract and that of the original urine The urme extract, equivalent 
in reticulocytogemc effect on the pigeon to a like quantity of two commercial liver 
extracts derived from 100 Gm of liver, was administered intramuscularly in 3 cc 
doses daily for ten days to each of a second group of 3 patients with pernicious 
anemia Blood counts, except for daily reticulocyte determinations, were made 
at two to three day intervals before and during treatment with urine extract and 
during subsequent therapy with liver extract 

RESULTS 

In the case of the first patient to receive urine extract by mouth the red 
blood cell count was 1,400,000 per cubic millimeter The value for hemoglobin 
was 6 8 Gm (Newcomer) , the white blood cell count, 4,900 per cubic millimeter, 
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and the reticulocytes, 2 2 per cent at the beginning of treatment The urine extract 
failed to produce any hematologic or clinical improvement over a ten day period, 
whereas the subsequent parenteral injection of liver extract resulted in a typical 
response (chart 1) The other 2 patients were likewise unaffected by the oral 
administration of urine extract, although subsequent treatment with parenterally 
administered liver extract was effective 

In the case of the first patient to receive urine extiact intiamuscularly the red 
blood cell count was 1,475,000 per cubic millimeter, the \alue for hemoglobin, 6 6 
Gm (Newcomer) , the white blood cell count, 3,700 per cubic millimeter, and 
the reticulocytes, 0 2 per cent before treatment The injections of urine extract 
were without hematologic or clinical effect during a ten day period Subsequent 
treatment with parenterally administered liver extract produced the usual response 
(chart 2) The other 2 patients similarly showed no improvement with urine 



Chart 2 — Effect on hemoglobin, red blood cells and reticulocytes of intramus- 
cular administration of urine extract and liver extract 


extract given parenterally, whereas liver extract parenterally administered pro- 
duced a satisfactory response 

COMMENT 

These results demonstrate conclusively that the anti-pernicious 
anemia principle m liver is not excreted m significant quantities, if at 
all, in noimal human urine In terms of reticulocytogenic effect on 
the pigeon, the amounts of urine extract administered were approxi- 
mately ten times the therapeutically effective amounts for liver admin- 
lsteied orally and intramuscularly, moreover, the urine equivalents used 
exceeded the amounts of urme reported effective by Decastello 3 My 
previously reported observation on 1 patient, suggesting that urme 
extract was effective when given intramuscularly m a case of pernicious 
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anemia, 0 must be interpreted as due to a coincidental spontaneous 
remission Jequier and Apsey 6 7 were unable to demonstrate the presence 
of the hepatic hemopoietic principle m normal human urine administered 
rectally to a patient with pernicious anemia 

The relation between the reticulocytogemc principle m urine and 
the hemopoietic principle in liver is obviously an open question Pos- 
sibly the unnary pnnciple is a decomposition product or a “building 
stone” of the hepatic pnnciple The presence of the unnary reticulo- 
cytogemc principle 01 one indistinguishable from it in the urme of 
untreated patients with pernicious anemia 8 does not necessarily speak 
against the former possibility and is compatible with the latter The 
principle m kidney which is effective by oral administration m cases 
of pernicious anemia may conceivably be an intermediary between the 
urinary pnnciple and the hepatic pnnciple Thus, two extracts of 
kidney 9 prepaied by methods identical with those employed in making 
liver extracts for parenteral use proved to have a reticulocytogemc 
potency for the pigeon equal to that of liver extiacts but were com- 
pletely ineffective when given mtiamusculaily to 2 patients with perni- 
cious anemia 5 Dakm, Ungley and West 10 have reported similar 
findings In other words, although all three principles are 1 eticulocyto- 
gemc for the pigeon, lat and guinea pig, in the treatment of pernicious 
anemia the hepatic principle is effective orally and parenterally, the renal 
principle is effective orally but not parenterally, and the urinary principle 
is effective by neither route Obviously more work must be done befoie 
the mteri elations of these three pnnciples, if any, are clarified 

CONCLUSIONS 

1 The principle m normal human mine which is reticulocytogemc 
for the pigeon, rat and guinea pig is not effective orally or intra- 
muscularly in the treatment of pernicious anemia 

2 The anti-pernicious anemia principle in liver is not excreted m 
demonstrable quantities, if at all, in noimal human urine 

6 Wakerlin, G E Presence of Anti-Pemicious Anemia Principle in Normal 
Human Urme, Proc Soc Exper Biol & Med 32 1607, 1935 

7 Jequier, E , and Apsey, G R M The Anti-Pernicious Principle Some 
Experiments with Urme, Brit M J 2 934, 1938 

8 Wakerlin, G E Unpublished data Jequier and Apsey 7 

9 The kidney extracts were supplied by the Lederle Laboratories, Inc , Pearl 
Rner, N Y (Dr Guy W Clark), and the Abbott Laboratories, North Chicago 
(Dr J F Biehn) 

10 Dakm, H D , Ungley, C C , and West, R Further Observations on the 
Chemical Nature of a Hematopoietic Substance Occurring in Liver, J Biol Chem 
115 771, 1936 
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3 The principle in kidney which is effective by mouth m pernicious 
anemia is reticulocytogenic for the pigeon but is ineffective when admin- 
istered intramuscularly to patients with pernicious anemia 

4 A clarification of the interrelations of these hepatic, lenal and 
ui inary principles should enhance physicians’ knowledge of the metab- 
olism of the anti-pernicious anemia principle m liver 

Drs Joseph Liebman and H D Bruner assisted m certain phases of this work 
Drs R W Keeton and J W Moore made some of the patients available for study 



DISSEMINATED LUPUS ERYTHEMATOSUS A CUTA- 
NEOUS MANIFESTATION OF A SYSTEMIC 
DISEASE (LIBMAN-SACKS) 

REPORT OF A CASE 
ARTHUR M GINZLER, M D 

AND 

T T FOX, MD 

NEW YORK 

Disseminated lupus erythematosus is a distinctive cutaneous eruption 
forming part of a systemic disorder that usually includes also charac- 
teristic clinical and anatomic evidences of visceial damage It is now 
believed that this disorder may occur without its cutaneous manifesta- 
tion Thei e exists a considerable body of literature, chiefly dermatologic, 
m which the clinical aspects of the disease have been well depicted 
Though this liteiatuie extends back almost seventy yeais, it is only 
within the last fifteen yeais that the present concept of the disease has 
been evolved and that the visceral lesions observable m most cases have 
been accurately described 

The chronic forms of lupus eiythematosus, whose relation to the 
disease under discussion has not yet been fully evaluated, have been 
known since the eaily part of the last century as localized cutaneous 
conditions However, on the basis of the original obseivations of 
Kaposi , 1 it has become apparent that with other forms of lupus 
erythematosus (particularly the acute and subacute disseminated types) 
there is clinical evidence of an accompanying systemic disease In some 
cases the condition puisues an acute, febrile, lapidly progressive course 
from the onset, soon teimmating fatally In otheis, the course is less 
rapid and commonly shows remissions of variable extent In general, 
however, the concept has been evolved of a consistent clinical syndiome 
which permits of the diagnosis, especially in the presence of the cutane- 
ous eruption Among the more common clinical featuies, which may be 
observed in various combinations, are fever, prostration, loss of weight 
and weakness, changes m the blood (leukopenia, anemia, thrombopenia) 
and m the urme (albumin, casts, blood) , hemorihagic phenomena 
(extensive puipura, petechiae with or without pale centers, bleeding 

From the Laboratory Division and Medical Service, Hospital for Joint Diseases 
1 Kaposi, M Neue Beitrage zur Kenntms des Lupus erythematosus, Arch, 
f Dermat u Syph 4 36, 1872 
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flora mucous membranes) , evidence of seious membrane involvement 
(pleuntis, pericarditis, ascites) , severe articular involvement, lymph- 
adenopathy, enlargement of the spleen and abdominal complaints These 
diffeient symptoms may vary greatly m seventy, any of them may be 
lacking m an individual case 

The causation of the disease remains unknown In the past, chiefly 
tuberculous and sti eptococcic infections have been inciiminated In our 
opinion these have now been excluded as specific causes of the disease 
Theie is a tendency at present to regard the disease as a peculiar 
response, m a constitutionally piedisposed person, to a vanety of haim- 
ful agents However, the possibility of an as yet undiscovered specific 
cause cannot be denied 

The evolution of the present concept of this lemaikable disease has 
coincided with the recent advances lesulting from detailed gross and 
microscopic examination of the internal organs, such examinations were 
seldom made m the eailier cases The foundation for the piesent under- 
standing of the disease is deeply rooted m the observations of Libman 2 
on a pecuhai type of endocarditis associated with a unique clinical 
syndiome The lattei, m retrospect, is a pattern of that which may be 
found m cases of disseminated lupus erythematosus Indeed, Libman- 
Sacks disease (as the afoiementioned syndrome has come to be called) 
not infrequently presents, as one of its clinical manifestations, the 
cutaneous eruption of disseminated lupus eiythematosus 

The concept has been further developed by the studies of Baehr 3 and 
of Gross 4 on Libman-Sacks disease, by those of Baehr, Klempei ei and 
Schifnn 5 on disseminated lupus erythematosus and by the latei studies 
of Gross 6 on the relation between Libman-Sacks disease and dissemi- 
nated lupus eiythematosus 

2 (a) Libman, E Some General Considerations Concerning Affections of 
the Heart Valves, M Clin North America 1 573 1917, ( b ) Characterization of 
Various Forms of Endocarditis, Tr A Am Physicians 37 233, 1922, JAMA 
80 813 (March 24) 1923 (c) Libman, E , and Sacks, B A Hitherto Undescribed 
Form of Valvular and Mural Endocarditis, Ti A Am Physicians 38 46, 1923, 
Arch Int Med 33-701 (June) 1924 

3 Baehr, G Renal Complications of Endocarditis, Tr A Am Physicians 46 
87, 1931 

4 Gross, L The Heart in Atypical Verrucous Endocarditis (Libman-Sacks), 
in Contributions to the Medical Sciences in Honor of Dr Emanuel Libman by His 
Pupils, Friends and Colleagues, New York, International Press, 1932, vol 2, p 527 

5 Baehi, G , Klemperer, P, and Schifnn, A A Diffuse Disease of the 
Peripheral Circulation Usually Associated with Lupus Erythematosus and Endo- 
carditis, Tr A Am Physicians 50 139, 1935 

6 Gross, L Unpublished data, cited by Friedberg, C K , Gross, L, and 
Wallach, K Nonbacterial Thrombotic Endocarditis Associated with Prolonged 
Fever, Arthritis, Inflammation of Serous Membranes and Widespread Vasculai 
Lesions, Arch Int Med 58 662 (Oct) 1936, cited by Libman 14 
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We aie presenting a detailed repoit of a case of disseminated lupus 
eiythematosus m which the diagnosis was made clinically and venfied 
by postmortem examination 7 Of gieat interest is the presence of 
lesions of a distinctive natuie m the lymph nodes and the spleen Their 
occurrence m the disease has been noted by a few observers, but thus 
far they have apparently not been consideied sufficiently important to 
warrant a detailed description 

Our case is apparently the fiist leported in which the characteristic 
microscopic changes descnbed by Baehi, Klempeiei and Schifnn 5 have 
been demonstiated m a male patient A notable feature of the disease 
is its striking piedilection for females, indeed, doubt has been expressed 
as to whether it actually occuis m men Neveitheless, even if cases 
without visceral complications aie omitted, theie lemain a numbei of 
reports of cases of acute and subacute disseminated lupus erythematosus 
m male patients, with such characteristic featuies as a febnle course, 
anemia and leukopenia, evidence of renal damage and frequently a fatal 
outcome 8 It is true that these leports are open to criticism because of 
incomplete clinical data and uncertainty about the pathologic changes 
However, m the light of the case to be presented it is probable that the 
cases reported actually did present valid examples of the disease 

7 Ginzler, A , and Fox, T T Disseminated Lupus Erythematosus m a Youth, 
with Some Unusual Findings, Arch Path 26 916 (Oct ) 193S 

8 (a) Hardaway, W A A Case of Lupus Erythematosus Presenting Unusual 

Complications, J Cutan Dis 7 447, 1889 (b) Pernet, G Le lupus erythemateux 
aigu d’emblee, Thesis, Paris, no 20, 1908 (c) Kraus, A and Bohac, C Bericht 
uber acht Falle von Lupus erythematodes acutus, Arch f Dermat u Syph 93 117, 
1908 (d) Brown, G A A Case of Acute Erythematous Lupus, New York M J 

106 931, 1917 ( e ) Ehrmann, S , and Falkenstem, F Ueber Lupus Erythema- 
todes, Arch f Dermat u Syph 141 408, 1922 (/) Goeckerman, W H Lupus 

Erythematosus as a Systemic Disease, J A M A 80 542 (Feb 24) 1923 (< 7 ) 

Gibson, R Fatal Case of Lupus Erythematosus with Post-Mortem, Brit J 
Dermat 37 232, 1925 (h) Stokes, J H Diagnosis of Disseminate Erythematous 

Lupus, M Clin North America 10 290, 1926 (i) Clarke, F B , and Warnock, 

A W Lupus Erythematosus Acutus Dissemmatus, California & West Med 24 
354, 1926 (;) Brown, C F, and Bi, Y W Lupus Erythematosus Case Report, 
China M J 42 775, 1928 (k) Madden, J F Acute Disseminated Lupus 

Erythematosus, Arch Dermat & Syph 25 854 (May) 1932 (/) Lyon, J M 

Acute Lupus Erythematosus, Am J Dis Child 45 572 (March) 1933 («») R° x ‘ 

burgh, A C Acute Disseminated Lupus Erythematosus Five Fatal Cases, 
Brit J Dermat 45 95, 1933 (») Garfield, W T , Steele, C W , and Houghton, 

J D Lupus Erythematosus Dissemmatus Acutus Haemorrhagicus, Arch Dermat 
& Syph 30*772 (Dec) 1934 ( o ) Snapper, I Kidney Trouble in Acute Lupus 

Erythematosus, m Berglund, H , and Medes, G The Kidney m Health and Dis- 
ease, Philadelphia, Lea & Febiger, 1935, p 433 (p) Rose, E /and Goloberg, L C 

The Visceral Lesions of Acute Disseminated Lupus Erythematosus, M Clin North 
America 19 333, 1935 
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REPORT OF CASE 

History — H M , a 1 7 year old youth of Anglo-Scotch origin, with no history of 
sunburn or abnormal sensitivity to light, was entirely well until Oct 12, 1937, 
when he noted pain m the right ankle and thought he had sprained it playing base- 
ball There was no swelling or redness The next day he experienced a sensation 
of feverishness and had about half a dozen chills, each lasting five to ten minutes 
On successive days he then suftered from aching of both shoulders, swelling and 
severe pain in both elbow joints, and then swelling and tenderness of the meta- 
tarsophalangeal and proximal mterphalangeal joints At this time he was seen by 
a physician and thought to have rheumatic fever He felt very weak and was put 
to bed After three weeks he felt well enough to go to school, but one week later 
he collapsed and returned to bed From this time on (about the middle of 
November), his temperature varied between 101 and 105 F During the first week 
in December a roentgenogram of his teeth revealed abscesses, and two teeth were 
extracted Immediately afterward there was a use in temperature, w'lth chills and 
sweating The patient became confined to bed and lost weight and strength con- 
tinuously During the last two weeks m December there were generalized aching, 
tenderness and wasting of muscles, with severe contractures of the elbows and 
knees In the last week the knees became very painful, though not red or swollen, 
and there appeared for the first time a symmetric butterfly-shaped erythematous 
eruption of the face The patient was admitted to the Hospital for Joint Diseases 
Jan 1, 1938, to the medical service of Dr Albert A Epstein, who supplied the 
clinical data reported here 

Examination — On admission the boy was subacutely ill and very weak and had 
evidently lost much weight He was of slender build but entnely masculine m 
features 

The face ptesented a symmetric macular erythematous eruption, associated wth 
some scaling, over the flush area The redness and scaling extended over the eye- 
brows, and there weie slight scaling lesions of the lobes of the ears The palmar 
surfaces of the thumbs presented n regular erythematous patches with slight purplish 
discoloration and rather firm adherent scales in the centers Similar but smallei 
lesions weie observed on the other finger tips There weie erythematous patches 
on the knees, and the elbows showed scaling The mouth piesented a mailed 
stomatitis, the mucosa v'as reddened and covered by numerous small adherent 
whitish plaques with surrounding reddened zones 

Examination of the heait, lungs and abdomen revealed nothing notcwoithy The 
blood pressure was 115 systolic and'65 diastolic The genitalia were normal Rectal 
examination mealed a small anal ulcer The extremities showed evidence of con- 
siderable muscular atrophy, and there was marked limitation of extension of the 
elbows and knees due to the extreme tenderness of the muscles, spasticity and 
capsular contractures 

Laboiatoiy Data — The urine contained albumin (2 plus), a moderate numbei 
of epithelial cells, leukocytes, occasional erythrocytes, and cellular casts 

The blood contained 106 Gm of hemoglobin per hundred cubic centimeters 
(70 per cent) and 3,680,000 erythrocytes and 4,600 leukocjtes per cubic millimeter, 
a smear showed 72 per cent segmented and 5 per cent nonsegmented neutrophilic 
leukocytes, 21 per cent lymphocytes, and 2 per cent monocytes 

The blood culture and usual agglutination tests of the serum w ere negatne 
The agglutination titer of the 'serum for a strain of hemoh tic streptococcus was 
1 640 The Kahn reaction was 2 plus, the Wassermann reaction, negatne 

The electrocardiogram showed a low' T wave m leads I and II and a diphasic 
T wa\e m lead IV, which was interpreted as indicating myocardial damage 
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Cotuse — During the patient’s stay in the hospital his temperature was generally 
between 100 and 102 F It was higher in the evening than in the morning, usually 
varying about 2 degrees daily Occasionally it w ent as low as 98 F and as high as 
103 F , terminally it rose to 105 F The urine always contained albumin, varying 
from a trace to 4 plus, with a tendency towaid the larger amounts in the latter 
stages of the illness Erythrocytes, leukocytes and granular and hyaline casts were 
constantly present in the urinary sediment Repeated blood cultures w'ere sterile 
The Frei test gave negative results The intradermal tuberculin test elicited 
negative reactions with dilutions of 1 10,000,000 to 1 1,000 The Wassermann 
reactions varied from negative to 2 plus, the Kahn, fiom 1 to 4 plus The positive 
leactions were regarded as nonspecific The platelet count at first w r as 196,000 per 
cubic millimeter, but later dropped to 92,000 Leukopenia w j as constant, the leuko- 
cyte count varying from 4,100 to 5,800 

On the eighth day after admission the patient experienced a clonic seizure, invok- 
ing the face and extremities and accompanied by a feeling of dizziness, which lasted 
foi twelve minutes and was followed by nausea and vomiting 

While tachycardia had been practically always present, no murmurs had been 
heard Two days aftei the clonic seizure, a distant to and fro pencaidial rub 
was heard for the first time, about 2 5 cm inside the left nipple line An electio- 
cardiogram at this time showed an inveited T wave in leads II and III and a 
diphasic or upright T wave in lead IV It was interpreted as indicative of myo- 
cardial damage and consistent with a diagnosis of pericarditis 

Four days later the patient had mild diarrhea and complained of abdominal 
pain At about this time there was first noted a moderate generalized lymphad- 
enopathy, most marked in the cervical and inguinal nodes but also imolving the 
axillary and epitrochlear nodes On January 16, two tender erythematous nodules 
appeared in the right anterior axillary line just above the nipple, they were removed 
tor examination on January 20 Cultuies of the excised material remained sterile 
on all mediums On histologic examination the nodules proved to be lymph nodes 
In addition to follicular hyperplasia and some swelling of the cells of the pulp and 
the follicular reticulum, there were several areas of cellular necrobiosis imolving 
the pulp adjacent to marginal sinuses and the contiguous capsular tissue Many 
of the cells in the affected areas showed swelling and a granular or fibrinous degen- 
eration, with nuclear pyknosis and karyorrhexis Other cells were completely dis- 
integrated Silver stains showed relatively little damage to the reticulum fibers 
in the necrotic areas The abutting lymphoid tissue showed little monocj tic or other 
reactive inflammation There was a moderate cellular infiltration of the capsular 
tissue, predominantly lymphocytic, with a moderate number of plasma cells and a 
few eosinophils Staining for bacteria did not reveal any tubercle or othei bacilli 

These changes at first suggested the possibility of tularemia, but lepeated 
agglutination tests for it were negative At this time the histologic changes in 
the lymph nodes were compared with those recorded in our files for a case of 
disseminated lupus erythematosus, and their essential similarity was demonstrated 
Material from a second group of nodes w-as injected into guinea pigs, with negative 
results 

Toward the end of January the facial eruption began to fade, and moderate 
hypertension (140/90) developed, which was considered all the more significant in 
view of the marked debility present Later, petechiae (not white centered) appeared 
on the finger tips Abdominal pain recurred Biopsy of the calf muscle on 
February 15 revealed no evidence of dermatomyositis or periarteritis nodosa Mean- 
while, the general condition pursued a progressively downhill course The tachv- 
cardia persisted, though after a time the pericardial rub was no longer heard 
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Endocardial murmurs were nevei elicited The facial eruption continued to fade 
and finally disappeared, a few weeks before death, with no residual marks or 
evidence of atrophy The debility, emaciation, muscle tenderness and joint con- 
tractures became steadily worse Terminally there occurred several convulsive 
seizures marked by loss of consciousness and clonic movements of the face and 
right arm The day before death a bilateral wrist drop developed Death occurred 
on March 3, a little less than five months after the onset of the first symptoms 
Gioss Observations at Autopsy — Postmortem examination was performed six 
hours after death There were marked atiophy of the fatty tissue and the muscles 
throughout the body, and striking edema of the connective tissues The lungs 
showed congestion and edema and an extensive bronchopneumonia Over the lower 
lobe of the left lung, away from any area of pneumonia, there was a small patch 
of fibrinous pleuritis There was no evidence of recent, old or healed tubeiculosis 
in either the parenchyma or the tracheobronchial lymph nodes The heart v’as 



Fig 1 — Endocardial lesion of right ventricle (hematoxylin and eosin stain , 
medium power) The section show's an adherent mass of granular material con- 
taining nuclei , there are swelling and proliferation of adjacent endothelial cells 


markedl} hypertrophied, weighing 490 Gm , with adherent parietal peiicardium 
The pericardial leaflets w r ere much thickened and completelj adherent o\ei their 
entire extent No macroscopic valvular, pocket or mural endocardial lesions could 
be demonstrated The liver showed only slight fatty change The spleen w'as 
moderately enlarged, weighing 240 Gm , the sections w'ere firm and congested 
in addition to follicles of normal prominence, there w'ere numerous scattered pin- 
head-sized and somewhat larger jellovvish areas The macroscopic appearance 
resembled that of a tuberculous spleen The splenic vessels showed no changes 
The kidneys showed onlj' a small area of recent infarction in the right kidnev, 
with a thrombosed artery at its apex The lvmph nodes throughout the bodj — 
mediastinal, pancreatic, portal, mesenteric, renal and para-aortic — were enlarged 
some to a marked degree On section, the majority showed numerous pinhcad- 
sized and larger opaque vellovvish areas which might well have been mistaken for 
tuberculous lesions Examination of the articular cartilages and sjnovial tissues of 
the right knee, winch was one of the last joints chmcaliv involved showed no 
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gross alterations Unfortunately, limitation of permission for autopsy precluded 
examination of the other joints or of the brain, or removal of sections of the affected 
skin for histologic examination 

Microscopic Observations at Autopsy — Heart Despite the absence of macro- 
scopic vegetations, histologic study revealed numerous microscopic lesions of the 
mitral and tricuspid leaflets and the mural endocardium, which weie apparently 
the result of toxic damage to the endothelium The younger lesions were marked 
by swelling, proliferation and, frequently, degenerative changes of the lining endo- 
thelial cells and slight swelling of the subendothelial tissues The subendothehal 
tissue in some areas contained an inci eased number of cells, many showing nuclear 
pyknosis and cytoplasmic degeneration, and infiltration by mononuclear cells, 
young fibroblasts and a few lymphocvtes In one or two there were a few 



polymorphonuclear leukocytes In such aieas the lining endothelial cells were 
enlarged and basophilic and contained dark-staming nuclei One section showed 
areas of endothelial swelling close to the pocket of the tricuspid leaflet, with 
adherent masses of pink-staining granular material containing mononuclear cells 
and numerous dark-staining round or oval nuclei, some of which were pyknotic 
The leaflet itself showed a diffuse inflammatory cellular infiltration consisting of 
polymorphonuclear leukocytes, monocytes, fibroblasts and a few lymphocytes Many 
of the cells showed nuclear pyknosis and weie difficult to identify The lining 
endothelial cells of the valve showed distinct swelling and proliferation The valve 
ring was entirely normal Bacterial stains of the endocardial lesions gave uniformly 
negative results 

Other than the hypertrophy noted grossly, the myocardium showed no sig- 
nificant changes Myocardial vascular lesions, Aschoff bodies, Bracht-Waechter 
lesions and myocardial degenerative changes were not observed The coronary 
arteries showed nothing remarkable 
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There was pronounced thickening of the pericardium due to a subacute and 
chronic organizing pericarditis Some aieas were already fibious and avascular 
However, most of the pericardium consisted of inflamed vascular granulation tissue 
showing considerable fibroblastic proliferation, numerous granulation capillaries 
with swollen endothelial cells, laige numbers of plasma cells, peculiai moiiomicleai 
and multmucleated cells and, m places, lymphocytes and polymorphonucleai leuko- 
cytes The lattei were especially numeious about areas of fibnnous necrosis In 
some places theie were laige clefts lined by swollen basophilic mesothelial cells 
Kidneys While many of the glomeruli appeared normal, the majority showed 
distinct changes m some portions, with othei portions unaffected Most of the 
glomeruli involved weie giouped along an interlobular artery A striking change 
was an irregular thickening of the basement membrane of many of the capillary 
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Fig 3 — Glomcrulai lesion (hematoxylin and eosm stain , high power) The 
section shows extensive degeneiative and prohfeiatne changes described in the text 
(see also figs 4 and 5) 


loops, gning use to the “wire-loop” lesion of Baelu, Klemperei and Schifnn 5 
Staining of these lesions for amvloid and lipoid gave negative results Many 
capillaiy loops, espccialh those with thickened walls, contained smooth, pink-staining 
globules partially oi completely obstructing the lumen 

Pei haps even more conspicuous were changes imohmg the endothelial cells 
and, to a lesser extent, the usceral epithelial cells of the glomerular tufts The 
latter, in places, were considerably swollen Mam revealed a basophilic granular 
degeneration of the cjtoplasm Their nuclei were sometimes enlarged, bizarrelv 
shaped and In pei chi omatic, and sometimes pvknotic Here and there the tuft 
was adherent to the glomerular capsule The endothelial cells showed pionounccd 
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Fig 4 — Glomerular lesion (See legend for figure 3 ) 



Fig 5 — Glomerular lesion (See legend for figure 3 ) 
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swelling and proh fetation, completely filling some of the loops and contributing 
to a distinct increase in cellularity of many of the glomeruli The cells showed 
occasional hyaline droplet degeneration, but much more severe and extensive were 
pinkish violet-staining granular degeneration and necrosis of these cells, associated 
with nuclear pyknosis and karyorrhexis The changes were often most pronounced 
at the hilus of the glomerulus Study led to the conclusion that the formation 
of the glomeiular thrombi was related to the endothelial degeneiative changes 
This was especially notable in sections stained by the aniline methyl violet method 
of Weigeit, in these both the degenerative cytoplasmic gianules and the capillaiy 
thrombi (though not the thickened capillary wall) took the violet stain with 
apparent tiansitions between 

The tubular epithelium showed moderate cloudy swelling and occasional hyaline 
droplet degeneration Many tubules contained gianular and hj aline casts No 



Fig 6 — Lymph node The section shows foci of necrosis 


unusual alterations were obseived m the arteiiolcs, arteries and \eins The infarcted 
aiea, noted giossly, showed complete necrosis of the tissue with an acute reactne 
inflammation A recently thrombosed artery was piesent at the apex of the 
infarct, the thrombus most probablj originating locally from endothelial damage 
Lymph Nodes Some lymph nodes showed merely edema, sinus hyperplasia and 
an inflammatory reactton manifested b\ the presence of mam lustiocstic cells and 
a few plasma and polymorphonuclear cells Most of the nodes ho\\e\er, contained 
numerous aieas of necrobiosis appaiently m different stages of de\ elopmcnt Ihe 
eailiest consisted of foci of cellular necrobiosis with vnlually no reactne inflamma- 
tion These progressed to largei aieas of necrosis with complete cell degeneration 
and disintegration and nuclcai pyknosis and hanorrhexis Nucleai pai tides were 
spiead tlnoughout the surrounding pulp which showed marked histiocytic pro- 
hfciation Silver stams resealed relatneh little damage to the reticulum fibers m 
the affected aieas In mans of these aieas some of the aftccted cells underwent a 



36 


ARCHIVES OF INTERNAL MEDICINE 



Fig 7 — Lymph node The section shows a focal area of necrosis with henn- 
toxylin-staining bodies 



Fig S — L>mph node The section shows the formation of hematoxylin-staining 
bodies b\ coalescence of degenerating cells 
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pinkish blue granular degeneration of the cytoplasm with nuclear pyknosis, 
apparently coalescing to form striking bluish violet-staining masses, resembling 
calcium, in the hematoxylm-eosin sections Von Kossa stains, however, revealed 
no calcium The surrounding lymphoid tissue showed swelling of the reticulum 
cells and pronounced swelling and proliferation of the sinus endothelium In some 
places there was conspicuous phagocytosis of nuclear particles and of erythrocytes 
A small amount of iron pigment was present In no way did these lesions resemble 
those of tuberculosis, nor did specific stains reveal any tubercle or other bacilli 
Some of the lymph nodes showed strands of fibrosis 

Spleen The most conspicuous change was the presence of numerous areas of 
necrobiosis of the lymphoid tissue about the follicular arteries While they closely 
resembled the lesions in the lymph nodes, these areas in the spleen all represent a 
similar stage of progression They consisted essentially of areas of cellular necrosis 



Fig 11 — Vascular lesion in cortex of rib The section shows marked thickening 
of the capillary wall There is “creeping” replacement of adjacent osseous tissue 


with nuclear pyknosis and katyorrhexis and little damage to the reticulum fibers 
There was no noteworthy reactive inflammation except for the occasional presence 
of mononuclear histiocytic cells The arteries of the follicle showed conspicuous 
adventitial fibrosis and, in places, intimal proliferation 

The pulp revealed marked engorgement of the intersinusoidal cords, most of 
the sinuses being empty of blood and the sinus endothelium conspicuous The red 
pulp was not involved in the areas of necrosis There was no significant inflam- 
matory reaction A fair amount of intracellular iron pigment could be demonstrated 
Lungs Sections showed edema and an extensive patchy bronchopneumonia, 
not unusual in character In one section there was an area of swelling, proliferation, 
and marked degeneration of the lining mesothehal cells and pleural connective 
tissue The pleura was covered by a thm film of fibrin Other than these, the lungs 
showed no noteworthy changes In particular, no vascular alterations were noted 
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Osseous System Sections of red raanow showed definite hypoplasia of the 
blood-foi liung elements, though all weie present in noimal propoitions There 
were pionounced capillary engorgement and edema of the fatty marrow, such as 
are often observed m debilitating diseases The manow revealed no \asculai 
alterations or areas of necrosis In the bone cortices, howe\er, especially of the ribs, 
many of the capillanes presented a veiy striking thickening of their walls 

Knee Sections of the synovial tissues and aiticular caitilages of the right knee 
showed suiprisingly little change In places there was slight hyperplasia of the 
sMioMal lining cells and at one point a small bit of fibrin covered the suiface 
Ihe sublining synovial tissues showed no inflammatory or vascular alteiations 

Blood Vessels In addition to the abnoimahties noted heretofore there weie 
distinct dilatation and thickening of the capillaries throughout the connective tissues 
of the bod} Furthermoie, a number of small vessels showed partial thrombosis 
and oigamzation 

Othei Tissues Changes elsewhere were not conspicuous A section ot skin 
taken from an eiythematous area of the thumb showed maiked capillary dilatation 
but no tlnombosis or hemorrhage Theie weie no significant dermal or epidermal 
changes Unfoi tunately, limitation of the permission for autopsy piolubited removal 
ot other affected areas of skin Sections of voluntary muscle showed atrophy, 
irregular degenerative changes of the muscle fibers and occasional mild inlei- 
stitial inflammation The liver, panci eas, adienals, bladder, seminal vesicles and 
testes showed no significant changes 


COMMENT ON C \SE 

Aside fiom the unusual occuiience of the disease in a male subject, 
a ie\iew of the clinical data m this case elicits a nurnbei of points of 
mteiest which are impoitant because of then not mfiequent occuiience 
and consequent significance m regaid to disseminated lupus eiythema- 
tosus (1) onset with poljaithialgia, (2) exaceibation of symptoms 
following lemoval of focus of infection, (3) appeal ance of a buttei fly- 
shaped eiythematous facial eruption tw r o months aftei the onset of 
symptoms, (4) febnle couise with clinical evidence ot pencaiditis 
(accompanied b) electiocaidiogiapluc changes), renal damage, depies- 
sion of bone manow r function (leukopenia, anemia, thiombopepia) and 
nontubei culons lymphadenopatlyy, (S) tachycaidia, (6) elevation of 
blood piessuie, ( 7 ) negative tubeicuhn and Fiei tests, lepeatedly nega- 
tive blood cultuies and negative serologic tests for typhoid and para- 
typhoid feveis, undulant fevei and tulaiemia, (8) nonspecific serologic 
reactions foi syphilis, (9) disappeaiance of the facial eiuption, leaving 
no atiophy or othei lesidua, with fatal piogiession of the disease 

There was no history of unusual photosensitivity, so fiequently 
piesent m cases of acute disseminated lupus ei ythematosus Petecluae 
w^eie observed, but, as Libman has pointed out, caution must be 
exercised m interpreting then significance when they are found m oi 
close to aieas of skm affected by the disease 

The final diagnosis w r as ai rived at with some difficulty, though it w r as 
consideied fiom the time of admission Eiythematous rashes of the type 
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piesent m this case and piogiessive lenal damage do not typically occur 
m rheumatic fever, noi was theie other clinical evidence to substantiate 
that diagnosis Pencaiditis seldom occurs as part of subacute bacterial 
endocarditis, and lepeated cultuies failed to leveal any oigamsm m the 
blood of this patient A diagnosis of typhoid or paiatyphoid fevei, 
undulant fevei 01 tulaienna could not be sustained m the presence of 
negative seium agglutination tests The Frei and tuberculin tests weie 
negative Biopsy failed to leveal the piesence of penaitentis nodosa 
In the absence, then, of any othei definite etiologic factors, the com- 
bination of a febnle illness with an eiythematous facial eruption, togethei 
with arthralgia, pencaiditis, negative blood cultuies and evidence of 
renal damage and bone manow depression, seemed definitely to point to 
disseminated lupus eiythematosus of the systemic type The fact that 
a biopsy revealed nontubei culous lymph node lesions of the type seen in 
undoubted cases of the disease definitely confirmed this diagnosis 

Giossly, no conspicuous changes, aside fiom the bionchopneumonia 
(evidently terminal) and caidiac hypeitiophy and pencaiditis, were 
noted at autopsy Howevei, nncioscopic study levealed widespread 
lesions involving the vascular system (paiticulaily the lenal glomeruli), 
heart, lymph nodes and spleen 

The glomerulai lesions were essentially of the type descnbed fiist by 
Baehr, Klempeiei and Schifnn 5 and latei by Klemperei m the case 
reported by Denzei and Blumenthal 9 As Klemperer pointed out, these 
glomeiular alterations aie distinctly unusual They do not lesemble 
those found in the glomerulitis in geneial infections descnbed by Bell 10 
or m glomerulonephntis It is probable that the development of the 
glomeiular changes is analogous to that of the endocardial changes to be 
descnbed, thus one of the most chaiactenstic pathologic changes m this 
disease is represented by a piocess of endothelial and mesothehal swell- 
ing, prolif eiation, degeneiation, necrosis and leactive inflammation 

The changes in the heait bore no lesemblance to those of lheumatic 
heart disease, nor did they appeal to be of bacterial ongm Oui study 
of the endocardial lesions led us to believe that they weie essentially 
of the type described by Gross 4> 9 in studies of Libman-Sacks disease 
with and without lupus erythematosus and of disseminated lupus eiythe- 
matosus with and without atypical veirucous endocarditis Other cases 
of disseminated lupus eiythematosus with endocardial lesions probably 
related to but not identical with those described by Libman and Sacks 

9 Denzer, B S , and Blumenthal, S Acute Lupus Erythematosus Dissemi- 
natus, Am J Dis Child 53 525 (Feb ) 1937 

10 Bell, E T The Early Stages of Glomerulonephritis, Am J Path 12 801, 
1936 
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have been lepoited by Pei net, sb Belote and Ratnei, 11 Jarcho, 12 Rose 
and Goldbeig, Sp Weidman and Gilman 13 and otheis 

The microscopic endocaidial changes undoubtedly seive as the basis 
for the subsequent development of the gioss venucous lesions, though 
it is possible that such nncioscopic lesions may heal Indeed, the possi- 
bility of healing of atypical venucous endocaiditis has been consideied 
by Libman 2c - 11 The appeal ance of these changes in the heait suggests 
that the initiating factoi is damage to the endocaidial lining by an as 
)et unascei tamed toxic agent This pnmaiy involvement of the endo- 
thelium is cleaily bi ought out m the studies of Gioss , 0 it difieis fiom 
the mode of attack m rheumatic fevei, m which the endothelial changes 
aie secondaiy to inflammatory involvement of the valve lings and valves 
The pathogenesis of the pencaiditis appeals to be essentially similai 
Libman has pointed out that the gioss lesions in atypical venucous 
endocaiditis may be slight oi extensive The occunence of nncioscopic 
lesions in the absence of gioss vegetations indicates the necessity foi 
detailed histologic study, just as does the occunence of extensive 
glomeiular changes m the absence of gross scan mg oi hemonhage of 
the kidneys In addition to the chaiactenstic endocaidial changes, a 
teinnnal nonbactenal thiombotic endocaiditis may be found in this 
disease, as m many others in 

The occunence of the focal neciotic lesions in the lymph nodes has 
been mentioned, 15 but we have not found a detailed descnption of them 
They appeal to be as chaiactenstic as the glomeiulai changes, though 
undoubtedly of less fiequent occunence Shoit 10 m 1907 lepoited a 
fatal case of lupus ei ythematosus m a 28 yeai old woman in which the 
lymph nodes showed ai eas of necrosis with no unci o-orgamsms present 
The development of clinical lymphadenopathy in cases of disseminated 
lupus ei ythematosus has long been noted 15 and has frequently been 

11 Belote, G H , and Ratner, H S V The So-Called Libman-Sacks Syn- 
drome Its Relation to Dermatology, Arch Dermat & Syph 33 642 (April) 1936 

12 Jarcho, S Lupus Erythematosus Associated with Visceral Vascular 
Lesions, Bull Johns Hopkins Hosp 59 262, 1936 

13 Weidman, F D , and Gilman, R L A Case of Acute Disseminated Lupus 
Erythematosus, Brit J Dermat 43 641, 1931 

14 Libman, E The Varieties of Endocarditis and Their Clinical Significance, 
Tr A Am Physicians 53 345, 1938 

14a Fnedberg, C IC , Gross, L , and Wallach, K Nonbactenal Thrombotic 
Endocarditis Associated with Prolonged Fever, Arthritis, Inflammation of Serous 
Membranes and Widespiead Vascular Lesions, Arch Int Med 58 662 (Oct) 1936 

15 Keil, H Conception of Lupus Erythematosus and Its Morphologic Variants, 
with Particular Reference to “Systemic" Lupus Erythematosus, Aich Dermat & 
Syph 36 729 (Oct ) 1937 

16 Short, T S Fatal Case of Acute Lupus Erythematosus, Brit J Dermat 
19 271, 1907 
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cited as evidence of the tubeiculous natuie of the disease 17 Microscopic 
examination, however, may disclose the nontubei culous nature of the 
changes m some cases Thus Roberts 18 reported a fatal case of acute 
disseminated lupus erythematosus in a 21 year old woman m which the 
mesenteric nodes had been considered as the seat of old caseous tuber- 
culosis and some of the other glands as showing recent tubeiculosis 
but microscopic study failed to reveal any evidence of tubercles or of 
tubeicle bacilli In our case the histologic structuie of the lesions in 
the lymph nodes was in no way suggestive of tubeiculosis, nor did 
specific seaich leveal any tubercle or other bacilli The prevailing belief 
that tuberculosis is not a specific etiologic factoi in tbe disease was thus 
substantiated 

Areas of focal neciosis have been noted also in the spleen 
(Snappei, So Jaicho 12 ) though not descnbed in detail They too appeal 
to be a chaiactenstic manifestation and are not tuberculous m structure 
The perivasculai fibrosis of the smaller arteries of the spleen has been 
described by Libman and Sacks - >c in one of then cases, and 
Klemperei in the case of acute disseminated lupus erythematosus 
leported by Denzer and Blumenthal 9 

It is intei esting that the synovial tissues of the knee joint presented 
fen significant changes, in spite of the piominence of the arthritic symp- 
toms, which aie so fiequently present in this disease It is of course 
possible that in this case and in other cases other articulai tissues might 
have shown moie pionounced changes 

It is unfortunate that limitation of pei mission for autopsy piecluded 
examination of the brain, since cerebral symptoms similar to those 
present m oui case are not infrequently noted m fatal cases of the dis- 
ease They were present in such a case pieviously studied in this hos- 
pital Jarcho 12 has described the occurrence m 1 of his cases of multiple 
small aieas of encephalomalacia and of thiombi in many of the small 
cerebial vessels 

Finally, we note the observation of Klempeiei 19 that m some cases m 
which the disease was acute and rapidly fatal no morphologic changes 
could be found m the internal organs Such cases are indeed few and 
possibly aie found only when the toxic process is so viiulent as to 
pioduce death after an interval insufficient for the production of visible 
anatomic changes 

17 Keil, H Relationship Between Lupus Erythematosus and Tuberculosis 
A Critical Review Based on Observations at Necropsy, Arch Dermat & Syph 
28 765 (Dec ) 1933 

18 Roberts, L Acute Lupus Erythematosus (Aigu d’Emblee), Brit J Dermat 
23 167, 1911 

19 Klemperer, P , in discussion on Ginzler and Fox 7 
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REVIEW OF OTHER CASES 

Lupus eiythematosus was fiist descubed in the eaily part of the last 
centuiy, by Biett, Iiebia and Cazenave, as a local cutaneous disease of 
no piognostic concern In a brief lepoit m 1869 and m his classic papei 
of 1872, Kaposi 1 classified this deimatosis into two forms lupus 
ei)thematosus discoides and lupus eiythematosus discretus et aggregatus 
He descubed cases, particulaily of the lattei type, in which the disease, 
unlike the oidmaij chionic foims, piesented evidence of grave visceral 
complications The symptoms were sometimes accompanied by an 
ei ysipelas-hke eiuption of the face, to which he ref ei red as erysipelas 
perstans faciei The disease puisued an acute or subacute febrile course 
with seveie toxic manifestations In addition, Kaposi noted the occur- 
lence of aithntis, pleui opulmonai y complications and lymphadenopathy 
Thiee of his senes of 11 patients died while under obseivation 

After Kaposi’s original conti lbution, smulai observations were 
leported fiom time to time The clinical pictuie, as descubed m these 
leports and in the dermatologic texts of the penod, vaiied little from 
that recorded by Kaposi except that the fiequent occunence of renal 
damage w r as noted In 1908 Pernet 8b wiote his well known monograph 
based on 9 cases fiom the hteialuie and a tenth case of his own Pernet, 
however, included only cases in which the disease was acute from onset 
and rapidly fatal, a s} ndrome which he called lupus eiythemateux aigu 
d’emblee He felt that these cases foimed a group sepaiate and distinct 
from those m which the couise w r as subacute, oi those in which the couise 
was acute and albuminuria w r as piesent Such distinctions, however, do 
not appeal to be justified, and these cases probably do not differ m 
nature fiom the cases with a subacute course oi those m which there 
is an acute exacerbation of a chronic form of lupus erythematosus, which 
may have the same grave features and eventual fatal termination 

The hteiature foi a half-centuiy following Kaposi’s report added 
little to knowledge of the natuie and pathogenesis of the disease 
During this time, paiticulaily m the Continental literature, the disease 
was generally held to be of tubeiculous natuie, on w r hat seems rather 
meager evidence Perhaps for this reason the available pathologic 
material appears to have been inadequately studied, so that until recently 
no characteristic visceral pathologic changes had been described m detail 
An exception, perhaps, is a descnption of the renal glomeiuli by Keith 
and Rowntree 20 m a case of lupus erythematosus m a 20 year old 
woman; the lenal lesions were misinterpreted, howevei as those of an 
ordinal y chronic glomerulonephritis 

20 Keith, N M , and Rowntree, LG A Stud} of the Renal Complications 
of Disseminated Lupus Erythematosus, Tr A Am Physicians 37 487, 1922 
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Indeed the disease seems to have been known chiefly to deimatolo- 
gists, who, it must be said, were familial not only with the ordinal y 
discoid type of lupus erythematosus but also with the moie uncommon 
foims with sjstemic involvement, as may be seen from a peiusal of the 
pioceedmgs of deimatologic societies It is not impiobable, however, 
that patients with this disease were often seen by internists, paiticulaily 
when the deimatologic manifestations weie not pionunent, and tieated 
as patients with typhoid fever, rheumatic fever, scailet fevei, eiysipelas, 
arthntis, pellagra 01 acute abdominal disease Neveitheless, Keefer and 
Felty, 21 in 1924, descnbed 3 cases of the disease brought to then atten- 
tion foi leasons othei than the cutaneous manifestations, they stated 
the belief, after a study of their cases and those leported m the liteia- 
tuie, that the disease was a definite clinical entity “occurring neaily 
always m females and charactenzed by fever, joint and muscle pains 
with swelling but without joint changes, abdominal pams, glandulai 
enlargement sometimes associated with splenomegaly, typical dissemi- 
nated skin lesions with gieat piostration, occasionally with delirium, 
secondaiy anemia often with normal leukocyte count, a downhill couise 
with mci easing asthenia and generally failure, and finall}’ - , exitus due to 
an intercurrent respiratoiy infection or to neplmtis” They believed 
that the pathologic findings weie neither constant nor chaiactenstic, and 
that the lesions of pneumonia and nephntis, often piesent, could not be 
legal ded as playing a pi unary lole Essentially similar conclusions were 
ai rived at by Goeckerman, sb Mook, Weiss and Bromberg 22 and 
Madden 8k 

As pieviously stated, the basis for the present undei standing of the 
nature of this remarkable disease lests to a laige extent on the obseiva- 
tions of Libman 2 In Ins studies of endocaiditis he encounteied a senes 
of cases (including 1 case obseived as early as 1911) m nluch, though 
showing similarities to both lheumatic and subacute bactenal endo- 
caiditis, the disease differed m ceitam fundamental respects from each, 
clinically and pathologically In 1924 Libman and Sacks 20 leported m 
detail, as instances of a clinical-pathologic entity, 4 cases of this disease 
m which the endocaidial lesions weie denoted as atypical verrucous 
endocarditis, this syndiome has come to be known as Libman-Sacks 
disease Clinically the condition m these cases formed a well defined 
complex which the authois summarized as follows “The disease m 
the form m which it attacked young people who had pieviously had no 
oi game symptoms lan a subacute course with fevei and piogressive 

21 Keefer, C S , and Felty, A R Acute Disseminated Lupus Erythematosus, 
Bull Johns Hopkins Hosp 35 294, 1924 

22 Mook, W H , Weiss, R S, and Bromberg, L K Lupus Eiythematos.is 
Dissenunatus, Arch Dermat & Syph 24 786 (Nov ) 1931 
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anemia Bnefly enumeiated, the findings weie pencaiditis, white-cen- 
teied peteclnae, arthntis, eiythematous and puipunc 1 ashes, ulceiative 
lesions of the mucous membianes, pleuio-pulmonaiy symptoms, embolic 
phenomena, enlaigement of the lnei and spleen, acute glomeiulo- 
nephntis, a tendenc) to leukopenia, and lepeatedly negative blood 
cultuies Two of the patients had an eiuption of the face which 
lesembled acute lupus eiythematosus dissemmatus ” The authors 
emphasized the inconsistency of a diagnosis of lheumatic endocaiditis 
when wlnte-centeied petechiae and glomeiulonephntis were piesent, 
and, smulail), of a diagnosis of subacute bactenal endocaiditis when 
eijthematous lashes, pencaiditis, and lepeatedly negative blood cultuies 
weie piesent 

Pathologicall) , m the 4 cases veiiucous endocaidial vegetations weie 
obseued which diftcied in stiuctuie and localization fiom those m both 
lheumatic and subacute bactenal endocaiditis The lesions contained no 
bacteria Aschoff bodies and Biacht-Waechtei lesions weie not found 
Theie was a nonbactenal oiganizmg pencaiditis In 2 cases theie was 
diffuse glomeiulonephntis, m 3 pleuntis, m 2 bi onchopneumonia, m 
1 ascites and m 3 enlaigement of the spleen together with small splenic 
mfaicts, m 1, nucioscopic examination revealed periarterial hyaline 
thickening m the spleen The authois felt that the etiologic agent 
(whatevei it might be) oi its toxin had a great affinity for the glomeiulai 
endothelium In 1925, on clinical giounds, Libman advanced the 
hypothesis that endocaiditis is not an essential featuie of the disease 

Gioss 4 described m great detail the caidiac changes in 11 cases of 
atypical veirucous endocarditis Of paiticulai unpoitance was the occui- 
lence in 5 of the patients, all female, of an erythematous eiuption 
having the appeal ance of acute lupus eiythematosus The 11 cases 
included the 4 of Libman and Sacks, m 2 of which the eruption was 
noted Both Libman and Sacks and Gioss lecognized the possible 
significance of this symptom 

In 1931, m a lepoit on renal complications m 17 cases of Libman- 
Sacks disease, Baehr 3 concluded that the disease is an expiession of a 
systemic piocess affecting the capillanes and finei lamifications of the 
•\ascular tiee, m which toxic damage pioduces swelling, proliferation 
and neciosis of the vascular endothelium Significantly, because of 2 
additional cases m which no endocardial lesions weie piesent, Baehr 
stated the opinion that endocarditis is not an essential featuie of the 
disease, and may be absent m cases in which one finds the typical changes 
m the skin, kidneis and othei visceia 

An impoitant advance was made m 1935 by Baehr, Klempeiei and 
Schifnn 5 They summarized the clinical and pathologic findings m a 
senes of cases which piesented the complete clinical picture, including 
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the cutaneous lesions, of disseminated lupus erythematosus Of par- 
ticular importance is their description of the peculiar vascular lesions, 
and especially the glomerular lesions which, when piesent, are so 
chaiactenstic They summarized the clinical course as “characterized 
by a more or less prolonged, irregulai fever with a tendency to remis- 
sions of variable duration , by involvement of synovial and serous 
membranes , by depression of bone-marrow function and by 

clinical evidences of vascular alterations m the skm, the kidneys and 
the other viscera The disease often ends fatally after a period varying 
from four weeks to five years ” Twenty-two of their 23 subjects were 
females , m the case of the 1 male patient the diagnosis was made on the 
basis of an atypical erythema of the face, and was consideied to be 
doubtful 

Pathologically, there was evidence of pleuntis, pericarditis or both 
in 17 cases A coarse nonrheumatic, nonbactenal veirucous endocarditis 
was present in 13 cases, m 5 of which it conformed exactly to the pictuie 
of atypical veirucous endocarditis in Libman-Sacks disease Aschoff 
bodies weie not found Tuberculosis was absent in all but 2 cases, in 1 
a single caseous tracheobronchial lymph node was observed and in the 
othei there was terminal miliary tuberculosis aftei more than a year of 
debilitating illness Remarkable vascular lesions weie revealed micro- 
scopically throughout the finei lamifications of the systemic and some- 
times also the pulmonary circulation These consisted of (1) simple 
dilatation of the capillary bed in certain areas, as in the skm, with bloody 
and serous extravasations , (2) proliferative lesions of the lining endo- 
thelium of capillaries, arterioles and venules, associated with thrombi 
which often obstructed or occluded the lumen, and (3) degenerative and 
neciotizmg lesions in the wall of such vessels, associated with throm- 
bosis and sometimes with hemorrhage into the adjacent tissues 

Glomerular changes, consisting of piohferative and thiombotic 
lesions of the capillaiy loops, were conspicuous in most cases In 
paiticular the authors noted a peculiar hyaline thickening of the capillaiy 
walls which they called the “wire-loop” lesion This lesion had not been 
seen by them in any othei human disease and was appioached only m 
eclampsia The authors stated the belief that these patients had been 
suffering from a peculiar constitutional reaction to a low grade infection, 
and that the disease was not conditioned by the nature or seventy of the 
local infection or intoxication but seemed rather to depend on some 
peculiarity in the constitutional reaction of the host It is impoitant to 
emphasize here that Libman, as well as Baehr, Klemperer and Schifrm, 
observed cases indicating that essentially the identical disease may occur 
in subjects m whom the cutaneous eruption never develops 
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Compaiison of the clinical and pathologic details obseived in cases 
of disseminated lupus eijthematosus, on the one hand, and of atypical 
veirucous endocaiditis on the other, and study of the conclusions 
as to the essential nature of the piocess in the two diseases clearly 
indicate that they aie closely related if not actually identical Gross 0 
compaied the caidiac lesions m 23 cases of disseminated lupus erythema- 
tosus with those m 4 cases of Libman-Sacks disease without lupus 
ei)thematosus In the formei group, he noted macroscopic lesions m 
9 cases and nucioscopic lesions m most cases, with few exceptions, he 
consideied these lesions to be chaiacteristic of the group and in many 
instances identical with the lesions found m the cases of atypical vei i ucous 
endocarditis Gioss concluded that the two diseases are essentially the 
same and should be placed m the single category of Libman-Sacks dis- 
ease We believe it is likely that the condition classified by Fuedberg, 
Gross and Wallach 14ft as nonbactenal thiombotic endocarditis associated 
with piolonged fever, aithntis, inflammation of serous membranes and 
widespiead vascular lesions also belongs m this category Indeed, we 
aie mfoimed that a reexamination of the cases of this condition has 
disclosed the chai actei istic lesions m 3 of the cases, m the fourth, 
insufficient matei lal remains available 24 

Other cases that undoubtedly aie also instances of this disease have 
been repoited m lecenl yeais by Tiemaine 25 and by Christian, 20 similarly 
under somewhat obscure titles Nevertheless, that theie is a gi owing 
appreciation of the essential similarity of the syndromes m spite of some 
vanations m symptoms is evidenced m a recent paper by the Reifen- 
stems 27 in which an excellent selection of cases f l om the literatui e 
is described 

In regard to the etiology of the disease there is little to ofifei save 
conjecture As v r e have indicated, the evidence in favor of tuberculosis 
as a specific causative factor is unconvincing It rests on the occasional 
association of the disease with tubeiculids, the presence of scrofulous 

23 Footnote deleted 

24 Fnedberg, C K Personal communication to the authors 

25 Tremaine, M J Subacute Pick’s Disease (Polyserositis) with Poly- 
arthritis and Glomerulonephritis, New England J Med 211 754, 1934 

26 Christian, H A Long-Continued Fever with Inflammatory Changes in 
Serous and Synovial Membranes and Eventual Glomerulonephritis A Clinical 
Syndrome of Unknown Etiology, M Clin North Ameiica 18 1023, 1935 

27 Reifenstein, E C , Reifenstein, E C, Jr, and Reifenstem, G H A 
Variable Symptom Complex of Undetermined Etiology with Fatal Termination, 
Including Conditions Described as Visceral Erythema Group (Osier), Disseminated 
Lupus Erythematosus, Atypical Verrucous Endocarditis (Libman-Sacks), Fe\er 
of Unknown Origin (Christian) and Diffuse Peripheial Vascular Disease (Baehr 
and Others), Arch Int Med 63 553 (March) 1939 
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stigmas 01 clinically diagnosed tubeiculosis, a family histoiy of tuber- 
culosis and the occasional demonstration at autopsy of tubeiculosis, espe- 
cially of the lymphatic type The last, as we have shown, is especially 
open to doubt unless the diagnosis is venfied by microscopic study, since 
the changes m the lymph nodes and spleen may simulate, especially 
giossly, those of tuberculosis Certainly theie is no doubt that m many 
cases, including the case we repoit heie, careful seaich has failed to 
reveal any evidence of tuberculosis The evidence that the disease is 
of sti eptococcic origin is even less convincing In the case of oui 
patient, lepeated blood cultures weie negative, and Baehr, Klemperer 
and Schifun leported 36 negative cultuies with specimens of blood taken 
from 20 patients with the disease dunng febnle periods Similarly, 
Libman and Sacks repotted negative blood cultures m then cases 

The lole of such photosensitizing agents as the poiphynns, a possible 
etiologic factoi, suggested by the frequent history of abnormal sensitivity 
to sunlight and similar sources of radiation, is also obscuie Hemato- 
poiphyrms have been found to be piesent by some investigators and 
absent by others In a recently repoited series of 18 cases of acute and 
subacute disseminated lupus erythematosus, of which 9 were known to 
have ended fatally, Ludy and Corson 28 found hematopoiphynnuna m 4 
of the fatal cases and in 3 otheis, m 3 cases it was not looked foi, and m 
the other 8 it was not found The authors also pointed out, m connec- 
tion with a suggestion that lead may play a role m the etiology of the 
disease, that lead poisoning is a condition m which hematoporphyi mui la 
may be present The)'- were able to demonstrate pronounced spectro- 
scopic evidence of lead in the skin m 15 of then cases, and a tiace m the 
othei 3 , while m a series of 20 controls, lead was not found m 17 and 
there was only a trace m 3 

As Denzer and Blumenthal have pointed out, 0 either clinical oi patho- 
logic evidence has demonstrated disseminated lupus erythematosus with 
a host of other conditions, such as tuberculosis, streptococcic infections, 
disease of the sinuses, carcinoma of the stomach, infections of the 
respiratory tract, pyoneplu osis, deimatomyositis, scleroderma and pen- 
artentis nodosa It would seem, at least debatable, to conclude that such 
diverse associated conditions aie necessarily l elated to the disease On 
the other hand, in the continued absence of any recognizable specific 
etiologic factoi s it is reasonable to suppose that some peculianty m the 
constitutional makeup of the patients with the disease might have 
bi ought about similai charactei istic reactions to a vanety of noxious 
agents However, whether disseminated lupus erythematosus is, as 

28 Ludy, J B , and Corson, E F Lupus Erythematosus Increased Incidence, 
Hematoporphjnnuria and Spectroscopic Findings, Arch Dermat & Syph 37 403 
(March) 1938 
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MacLeod 20 has wiitlen. “a cutaneous symptom of a pecuhai type which 
may be called foilh b} a a ai icty of causes, toxic 01 septic” and, as 
expiessed by Baehi, Klempeiei and Schifnn, "conditioned by a 

peculiarity in the constitutional leaction of the host,” 01 whethei, as 
might be suggested by the consistent clinical and pathologic pictuie, 
a umfoim etiologic agent, such as a filtiable mi us, is lesponsible, cannot 
now be answcied 

We can conclude, much as have Denzei and Blumenthal only that m 
this disease theie is e\oked a toxic agent which may pioduce widespiead 
damage in the body, and which has a piedilection foi mesenchymal 
tissues, paiticulaily those of endothelial and mesothehal stiuctme 

SUMMARY 

A case is piesented of disseminated lupus eiythematosus of the acute 
type m a male 

The disease occuis chiefly, though not exclusively, m females in the 
‘second to the fouith decade of life Clinically, it often sets in with a 
distinctive type of eiythematous cutaneous eiuption, sometimes there 
is a history of unusual photosensitivity 01 preceding sunburn The 
eiuption, howevei, may not appeal until some tune aftei the onset of 
systemic symptoms, and undoubtedly cases may occur without the 
cutaneous manifestations Anothei fiequent initial clinical manifesta- 
tion is polyai thralgia, which may be sufficiently severe to constitute an 
orthopedic pioblem 

The couise of the disease is vanable, being sometimes piecipitous 
(aigu d’emblee type of Pei net) and sometimes di awn out, with remis- 
sions Fever is usually piesent, often associated with pionounced pi os- 
tration 01 asthenia and usually with clinical evidence of damage to sei ous 
membianes (arthralgias, pleuntis, pencarditis, ascites), depiession of 
function of the bone-mairow (leukopenia, anemia, thiombopenia) and 
various hemonhagic phenomena (purpura, petechiae, bleeding) Theie 
is usually evidence of lenal damage, which may be seveie Evidence of 
endocarditis is less often clinically demonstiable Enlaigement of lymph 
nodes and, less often, of the spleen may be obseived Abdominal pain 
may be the basis foi an eironeous diagnosis of an opeiable abdom- 
inal lesion 

Pathologically, there may be widespiead distinctive vasculai lesions, 
particularly of the lenal glomeiub. which may show the chaiactenstic 
"wire-loop” lesion descnbed by Baehi, Klempeier and Schifnn Non- 
bacterial pericarditis is common Theie may be endocaiditis of the type 
described by Libman and Sacks and by Gioss, 01 theie may be a 

29 MacLeod, J M H Lupus Eiythematosus, Arch Dermat & Syph 9 1 
(Tan) 1924 
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teimmal nonbactei lal thrombotic endocaiditis The disease may occur 
without endocai dial changes or without a cutaneous ei uption, and proba- 
bly both of these, or indeed any of the featuies mentioned, may be 
absent Notable when present is the occurrence of peculiar lesions m 
the lymph nodes and spleen Mici oscopically, m the former theie are 
distinctive areas of focal necrobiosis with or without peculiar hema- 
toxylin-staining bodies, m the latter there are penaitenal areas of 
neciosis of the folhculai lymphoid tissue, penaitenal fibrosis and 
intimal aitenal thickening 

The causation of disseminated lupus erythematosus is not known In 
any case, the disease does not seem to be of specific tuberculous or 
streptococcic origin Seiologic leactions may be positive foi syphilis 
m the course of the disease, but they should be considered nonspecific 
The natuie of the pathologic changes suggests that they are the effects 
of a circulating toxic agent which has an affinity for mesenchymal 
tissues, particularly foi endothelial and mesothelial structures What 
role may be played m the elaboration of such a toxin by a specific 
etiologic agent or by a vanety of causes in a constitutionally piedisposed 
pei son is a question that must be left foi future study 
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The heait is but larely the site of a pnmaiy neoplasm, and it seldom 
becomes involved by metastatic malignant tumors It is therefore of 
unusual interest to both clinicians and pathologists when a tumoi 
involving this stiucture is discovered Lymburner, 1 m a leview of 
8,550 neciopsies, found 4 cases of pi unary tumor of the heait and 
52 cases of secondary metastatic lesions of the heart In a review of 
the hteiatuie,- he found reports of 226 instances of pnmaiy caidiac 
tumors In a leview of the subject m 1931, Yater s found lecoids of 
46 instances of primary sarcoma of the heait Additional cases have 
been leported by Moms, 4 Baines and his associates, 5 Boman 0 and 
Willius 7 and fiom the Massachusetts Geneial Hospital 8 Only 11 of 
these were cases of primary sarcoma of the pericaidium 
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Dr Baggenstoss with the Section on Pathological Anatomy and Dr Diy with the 
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The majority of pnmaiy tumors of the heart aie benign About 
25 pei cent are malignant The most common malignant tumois are 
sai comas They may be classified as spindle cell, lound cell or mixed 
cell sai comas and most fiequently arise from the auricles The cardiac 
valves, the ventncles and the pencardium aie less common sites of 
origin Anfong othei types of pnmaiy tumois of the heart aie myxomas, 
lhabdomyomas, lhabdomyosai comas, fibromas, lipomas, angiomas, 
hemangio-endotheliomas and lymphangio-endothehomas 

The diagnosis of a pnmaiy tumor of the heart, because of the extreme 
lanty of such neoplasms and the lack of lecogmzable clinical cntena, 
is usually made by the pathologist Yet, if the clinician would beai in 
mind the possibility of such a lesion whenever a clinical pictuie presents 
itself which is not explicable on the basis of one of the moie common 
cardiac lesions, the diagnosis might be made dui mg the life of the 
patient 

Symptoms and signs which aie likely to aiouse clinical suspicion of 
tumor of the heait aie (1) progiessive circulatory failuie foi which 
no obvious anatomic basis can be demonstiated, (2) signs pointing to 
valvular defects with muimurs, the chaiactei of which may change from 
day to day oi may be unduly influenced by change in postuie, (3) signs 
of mediastinal tumoi associated with changes in the i oentgenologic 
silhouette of the heait and (4) lecurrent hemonhagic pericardial 
effusion 

REPORT 01' A. CASE 

History — A man aged 35 had enjoyed excellent health until Januaiy 1938 (nine 
months prior to his admission to the Mayo Clinic), when, for three days, he com- 
plained of substernal pain aggravated by respiration and associated with dyspnea 
on slight exertion These symptoms subsided and did not return until three months 
later, when, for seven days, similar thoracic pain and dyspnea were noted In 
June the patient complained of a recurrence of this distress, associated on this 
occasion with fever Examination by his physician disclosed advanced enlargement 
of the cardiac silhouette After three weeks’ rest in bed his condition improved 
and he was able to return to light work His strength, however, never retuined 
to normal, and dyspnea prevented his undertaking any strenuous activity 

A few weeks later he experienced shaip pain in the right portion of the thorax, 
augmented by inspiration and associated with cough and slight hemoptysis The 
pleuritic pain subsided spontaneously He continued, howevei, to have a non- 
productive cough, which was aggravated by lying down, and he noted that when 
he assumed a recumbent position his face became red and lus features distorted 
by swelling This was relieved by sitting up At night attacks of coughing 
occurred, and on numerous occasions the spasm of coughing precipitated sudden 
loss of consciousness associated with deep cyanosis of the face To prevent these 
attacks, he found it necessary to sleep in an upright position 

Physical Examination — On September 8 the patient appealed well developed 
and well nourished His blood pressure was 122 systolic and 80 diastolic Atten- 
tion was immediately aroused by the objective signs of venous obstruction The 
patient’s cervical veins were distended, and when he lay down his face and neck 
became cyanotic The heart was greatly enlarged The area of cardiac dulness 
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extended to the antenoi axillary line on the left and to the midclavicular line on 
the right The caidiac tones wete cleat, and there were no murmurs Except 
for rales at the base of the left lung and diminished breath sounds over the lower 
lobe of the right lung, no significant pulmonary signs W'ete noted There was 
a marked delay in the emptying of the \eins on elevation of the arm A teleioent- 
genogram of the thorax disclosed a huge cnlaigement of the cardiac silhouette 
(fig 1) The heart measuied 11 cm to the right and 15 cm to the left of the 
midsternal line, and the diameter of the thoiax was 34 cm In the right lung 
there was interlobar pleural thickening, and at the level of the fifth nb theie 
was a region of localized mfilliation The roentgenologist, who carried out a 
fluoroscopic examination of the heart, noted a diminution in the amplitude of 



Fig 1 — Teleioentgenogram of the thorax, showing the massive enlaigement of 
the cardiac silhouette 

contraction in all chambeis and suggested the existence of pencardial effusion 
The electrocardiogram showed a sinus rhythm, slurred QRS complexes m deriva- 
tions I, II and III, right axis deviation and inverted T w'aves m derivations II 
and III The T w'ave was positive in the standard fourth lead The lesults of 
routine examinations of the urine and blood, including serologic examinations, 
were negative 

In brief, the clinical picture was that of cardiac decompensation which had 
developed relatively rapidly in a comparatively young man wdio had experienced 
several episodes of retrosternal thoracic pain aggravated by respiration On one 
occasion he expenenced pam of pleuritic character in the right poition of the 
thorax associated with hemoptysis Objectively, the striking signs were obvious and 
unduly marked \enous engorgement, marked cardiac enlargement, with fluoroscopic 
evidence of diminution in the amplitude of cardiac contraction, and an electro- 
cardiographic pattern signifying predominant strain of the right ventricle 
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Couise — The patient was hospitalized for further study, and an attempt was 
made to alleviate congestive failure After administration of digitalis and intra- 
venous administration of mercurial diuretics, moderate diuresis was provoked and 
temporary improvement resulted The venous pressure, however, remained high 
(300 mm of water), an observation which we were led to believe indicated 
mechanical obstruction to the return circulation rather than an elevation caused 
by congestive failure alone Paracentesis of the pericardium was performed, but 
it did not reveal fluid in the pericardial sac Further efforts to control caidiac 
failure met with no success He became more cyanotic, in spite of the administra- 
tion of oxygen, and died seventeen days after admission to the hospital 

Speculation as to the causative background of this striking clinical 
picture included consideiation of all possible causes of cardiac enlarge- 
ment in a person whose histoiy pnoi to the onset of his symptoms nine 
months before we saw him was smgulaily negative 

Valvulai and congenital cardiac disease in the absence of bruits, 
pievious hypertension in the face of a negative histoiy, lack of letmal 
changes and an electrocardiographic pattern indicating strain of the right 
ventricle all precluded senous consideiation Noi would the cardiac 
hypertrophy occasionally seen aftei myocardial infarction fit the pictuie 
despite a history of thoracic pam and hemoptysis (which might othenvise 
ha\e been explained on the basis of pulmonary embolism secondary to 
dislodgment of a mural thrombus from the interventiicular septum) 

Still less would the pathologic entities alieady mentioned explain 
the most striking phenomenon piesented, namely, the unduly high venous 
pressuie, which was out of all proportion to the other evidences of 
congestive failure This pressure had the chaiactenstics of mechanical 
obstruction to the venous return lather than of venous engorgement 
incidental to myocardial failure , and, in view of the fluoroscopic obser- 
vation of limitation m the exclusions of cardiac conti actions, the picture 
of constnctmg pericarditis was strongly suggested While the pos- 
sibility that this constricting factor might actually be a pnmaiy malig- 
nant piocess had been casually mentioned m discussion, it was not 
senously considered in the clinical evaluation of this case Perhaps one 
of the mam reasons for failing to arrive at the coriect pathologic 
diagnosis — indeed a reason that actually was misleading — was the 
electrocardiographic pattern Thus, the evidence m favoi of hyper- 
tension within the pulmonaiy cucuit was seriously consideied because 
of the electrocardiographic observations, m conjunction with the extreme 
cyanosis and the marked venous congestion A case leported by Barnes 
and Yater , 9 in which multiple thrombi in the pulmonary arteries gave 

9 Barnes, A R , and Yater W M Pai ox vsmal Tachycardia and Alternating 
Incomplete Right and Left Bundle-Branch Block with Fibrosis of the Mvocardium 
Failure of the Right Ventricle Due to an Ancient Thrombus in the Pulmonar\ 
Arteries, Fibromyxoma of the Left Auricle Occluding the Mitral Orifice, and 
Simulating Mitral Stenosis, M Clin North America 12 1603-1615 (May) 1929 
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use to congestive heait failuie, with cardiac hypertiophy and clinical 
and electiocaidiogiaphic evidence of strain on the light ventricle, illus- 
trates this syndiome 

The other known causes of pulmonaiy hypei tension did not seem 
adequate to explain our findings Appieciable emphysema was not 
evident, ceitamly not enough to pioduce seveie pulmonaiy hypei tension 
In cases of advanced primal y pulmonaiy aitenolai sclerosis with 
failure of the light ventncle, a pi obliged histoiy of piogiessive dyspnea 
pnor to the onset of congestive failuie is usually noted Even assuming 
the possibility of thiombosis, m situ, of a bianch of the pulmonaiy 
aiteiy, which was suggested by points alieady mentioned, we could not 
expect hypertension in the lesser cnculation alone to pioduce the extieme 
caidiac hypei tiophy noted in this instance 

Similarly, pencaiditis with massive effusion would explain the 
diamatic enlargement of the caidiac silhouette associated with signs of 
cnculatoiy obstiuction This condition, howevei, was excluded by the 
peiformance of paiacentesis of the pencaidium Our failuie to find 
fluid m the pei ical dial sac in this instance did not exclude the possibility 
of pericaidial disease In cases of constnctive pencaiditis associated 
with calcification of the pencaidium, the heait is seldom found to 
exhibit marked hypei trophy Howevei, m the piesence of chiomc 
adhesive pericarditis, with or without lheumatic valvulai defoimities. 
the heait may be maikedly enlaiged It has alieady been mentioned 
that examination of our patient did not disclose physical findings indica- 
tive of valvulai defoimity It is, of course, not unusual to find modifi- 
cation of the classic auscultatoiy signs of valvular defoimities when 
congestive caidiac failuie is present Occasionally, the physician may 
be amazed to obseive at autopsy advanced valvular disease, of which, 
because of the distuibed caidiac dynamics associated with congestive 
caidiac failure, the usual signs weie either absent or so minimal dui mg 
the patient’s life as to be consideied insignificant In estimating the 
condition of this paiticular patient, however, it seemed to us that the 
lecent onset and rapid progiession of caidiac disability m the absence 
of positive auscultatoiy signs weie not m accoid with a diagnosis of 
valvular disease 

We attempted to evaluate these possible causative factois in the 
light of the essential obseivations made dui mg examination of this 
patient It was oui impiession that the most logical explanation of the 
cardiac hypertrophy associated with venous cn dilatory obstruction was 
constrictive mediastmopei icarditis 

Necropsy — ' The body weighed about 180 pounds (81 6 Kg ) There was about 
100 cc of clear 3 'ellow fluid in the pentoneal cavity When the pleural cauties 
were opened, a large mass was seen to fill the middle portion of the mediastinum 
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and a laige part of the left side of the thorax The mass appeared to be 
enclosed within a distended pericardial sac, which measured 21 cm transversely 
This mass compressed the left lung, especially the lower lobe, which was col- 
lapsed The light pleural cavity contained 1,200 cc and the left 200 cc of cleai 
brown fluid The mass within the pericardial sac was firm and solid except foi 
a portion near the base of the heait, which was fluctuant Attempts to open the 
pericardial sac in the usual manner were unsuccessful, because the parietal peri- 
cardium was firmly adherent to the underlying tissue When the fluctuant portion 
was opened, a large amount of thick, reddish gray gelalmoid matenal escaped 

The entire mediastinal mass was dissected and removed from the body During 
this procedure, the left jugular and both innominate veins weie seen to contain 
mural thrombi which extended down into the superior vena cava and almost 
completely blocked the lumens of these veins The entile mass weighed 3,000 Gm 
It presented an irregularly ovoid shape and measured 23 5 by 21 by 9 5 cm (fig 2) 
Superiorly, it extended 2 cm above the bifurcation of the trachea, but nevertheless 



Fig 2 — Ci oss section of the mass of the tumor, showing the heart encased by 
the neoplasm Note the neoplastic invasion of the left ventricle 


seemed to be enclosed by a fibious capsule, which w^as presumably the pencardium 
Laterally, it had grown into the hilar regions of both lungs, without, howevei, 
metastasizing to the lymph nodes Interiorly, it was attached to the diaphragm 
Posteriorly, it surrounded and compressed the pulmonary blood vessels 

On cross section it was seen that a yellowish white tumor mass completely 
encircled the heart and filled and distended the pericardial sac In some regions, 
this tumor tissue was firm, while in other regions it was soft and encephaloid 
Large and small areas of hemorrhage were situated throughout the tumor Some 
of them apparently had been present for some time, as evidenced by their yellow, 
brown and orange discoloration Firm white bands of fibrous connective tissue 
extended through the tumor 

Serial cross sections revealed the fact that the tumoi reached its greatest size 
m the region lateral to the left ventricle, where it measured 12 cm in thickness 
Around the base of the heart and in the region of the right ventricle, the encircling 
sheath of tumorous tissue varied from 1 to 5 cm m thickness Ihe tumor as a 
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whole was rathei sharplj demaicated -from the heart muscle but m some poitions 
appealed to invade it The tumor appeared to be entirely enclosed within the 
pericardial sac, except in both hilai regions of the lungs, where it had broken 
through The hilai Ijmph nodes weie not, however, invaded by the tumor 
Superiorly, the tumoi suriounded the great blood vessels and compressed them 
somewhat 

The heart muscle was 1 eddish brown and exhibited no gross lesions The 
\alves and the endocardium appeared noimal 

The remaining organs disclosed nothing of note except slight evidence of 
chronic passive congestion in the lungs and h\er 

The diagnoses from an anatomic point of view were saicoma of the peri- 
cardium with invasion of the heait, thrombosis ot the left jugular and innominate 



Fig 3 —A section through the sarcomatous portion of the pericardium, showing 
the parallel arrangement of the spindle-shaped and oval cells ( X 500) 

veins and the superior vena cava, hydrothoiax, with 1,200 cc of fluid on the right 
and 200 cc on the left, ascites, with 100 cc of fluid, atelectasis of the lungs, and 
chronic passive congestion of the lungs and hvei 

Mici oscopic Examination — The structure of the tumor was uniform It con- 
sisted of large spindle-shaped and oval cells arianged for the most part in parallel 
rows (fig 3) The cells had a narrow zone of pink-staining cytoplasm, which 
tapered at the ends and occasionally extended out into long fibnls In many 
regions the cells were closely packed, and distinct cell boundaries were difficult to 
delineate The nuclei were large, spindle-shaped or ovoid, and pale staining The 
chromatin was arranged in a network with occasional condensations, especially at 
the nuclear membrane Nucleoli were mfiequent Mitotic figures were numerous 
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Sections impregnated with silver by the Bielschowsky technic revealed mam 
fine fibrils in close association with the tumor cells These reticular fibrils weie 
hypertrophied at the borders of the cardiac muscle and in the regions where they 
became continuous with the connective tissue septums of the tumor The fibers 
of the reticulum were larger and more numerous between the fibers of the cardiac 
muscle than they were in the tumor 

Evidences of degenerative cellular changes, such as pyknosis and karyorrhexis, 
were diffusely scattered throughout the tumor, and in some portions distinct foci 
of necrosis were seen Hemorrhages were numerous 

Sections which included both the tumor and the cardiac muscle disclosed 
invasion of the myocardium (fig 4) In some regions, the muscle cells were 
completely surrounded by neoplastic cells There was destruction of the muscle 
cells with proliferation of fibrous connective tissue 



Fig 4 — A section through the myocardium, showing invasion of that muscle 
by sarcomatous spindle-shaped cells 


COMMENT 

In the light of the necropsy, the clinical pictuie is easily nndei stood 
The thoracic pain may be explained by the malignant piocess in 
the pencaidium The appaient progiessive massive caidiac enlarge- 
ment, together with the roentgenoscopic finding of diminished amplitude 
of caidiac contraction, likewise is explained by the tiemendous tumor 
in which the heait was encased The venous obstruction was, as we 
had thought, the result of mechanical obstruction of the laige veins 
which enter the heart There was not sufficient displacement in the 
anatomic axis of the heait to account foi the finding of light axis 
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deviation m the electiocaidiogiam Yet this sign, togethei with the 
negativity of the T wave in leads II and III, may he accounted foi by 
the mannei m which the mass of the tumor had sunounded and com- 
piessed the gieat blood vessels at the base of the heart, especially the 
pulmonaiy vessels, throwing a stiam predominantly on the right 
\ entricle 

We behete that the episodes of loss of consciousness weie the lesult 
of ceiebial anoxemia secondary to venous stasis Othei instances are 
on iecoid 10 m which attacks of unconsciousness weie associated with 
extieme cyanosis Their relation to posture is explained by the mci eased 
or deci eased venous diamage dependent on giavity Thus, all the 
featuies of this case which had pioved to be so peiplexmg fiom the 
standpoint of clinical diagnosis became explainable in the light of 
the pathologic obseivations We feel that had we not been unduly 
influenced by the extieme rarity of prnnaiy caidiac neoplasms and had 
we discounted ceitam confusing featuies m the electi ocardiographic 
pattern, the collect diagnosis might have been made dm mg the life of 
the patient 

10 Montgomery, G L A Case of Pulmonary Aiteiy Thrombosis with 
Ayeiza’s S}ndrome, J Path & Bact 41 221-230 (Sept) 1935 



EVALUATION OF THERAPY IN MYASTHENIA GRAVIS 


NATHAN S SCHLEZINGER, MD, MScD 

PHILADELPHIA 

The disease entity known as myasthenia giavis was hist described 
by Willis 1 in the seventeenth centui y Although this condition is rela- 
tively easy to lecogmze clinically, its cause has remained obscuie 
Pathologically in many cases there are variable degiees of nonspecific 
degeneiative muscle atiophy In moie than 50 per cent of cases focal 
collections of small lound cells have been observed m muscles and other 
organs These small foci of cells have been teimed “lymphorrhages” 
and when present are diagnostically significant A relatively large 
numbei of cases have been repoi ted m which thymic neoplasms existed 
The conspicuous symptomatic features of myasthenia gravis are exces- 
sively lapid fatigability of muscles in action and quick restitution of 
function on relaxation The muscular exhaustibility may be elicited in 
the form of a chaiacteiistic electrical reaction which has been termed 
the Jolly leaction 

In this article no effort will be made to discuss in detail the etiology, 
pathology, semiology and diagnosis of myasthenia gravis For such a 
discussion the reader is referred to the excellent review of the subject 
published by Keschner and Strauss 2 The piesent study is primarily 
concerned with the question of treatment of this disease Theiapy has 
been largely ineffective until lecently, m lecent years, howevei, there 
have been increasingly numerous reports desciibmg beneficial effects 
following the administration of a wide variety of drugs, including anuno- 
acetic acid, ephednne, extiact of the antenor lobe of the pituitaiy gland, 
physostigmme, prostigmine and potassium chloride Some reports with 
regard to a few of these remedies have contradicted the favorable reports 
made by others using the same drug In interpreting such contradictory 
reports one must lemember that falsely beneficial lesults may have been 
obtained because of the spontaneous remissions which are apt to occur 

From the Neurologic Division of the Montefiore Hospital for Chronic Disease, 
New York 

1 Willis, cited by Guthrie, G L “Myasthenia Gravis” in the Seventeenth 
Century, Lancet 1 330 (Jan 31) 1903 

2 Keschner, M , and Strauss, I Myasthenia Gravis, Arch Neurol & Psychiat 
17 337 (March) 1927 
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in this condition One must also consider the fact that considerable 
difficulty may be encounteied m difteientiatmg clinically between 
myasthenia giavis and the myasthenic syndiome due to encephalitis 01 to 
other specific etiologic factors 

In detei mining the effect of therapy, some obseivers have utilized 
the lesponse to vanous functional tests foi motor power and fatigue 
Others have emphasized subjective alteiations m the patient as a means 
of judging the effectiveness of tieatment It would seem that m order 
to evaluate piopeily the lesults of therapy it is necessary to have some 
objective index of the patient’s muscular stiength This index should 
be capable of standaidization as fai as possible and should thus be valid 
for compaiison m the individual patient With this view in mind, 
ceitam test pioceduies have been selected foi the measuiement of muscle 
power and fatigue This study consists of the utilization of such tests 
m order to evaluate the lelative effectiveness of ceitam foi ms of therapy 
that have been pioposed A gioup of 7 cases in which the diagnosis of 
myasthenia giavis was cleat ly established has been used in this investiga- 
tion The lesults in each case have been tabulated (tables 1 to 7) 

The lemedies which weie administered to the vanous patients con- 
sisted of ammoacetic acid, ephednne, a combination of ammoacetic acid 
and ephednne, anteuor pituitaiy extiact, 3 piostigmme and a combination 
of prostignune and ephednne These diugs weie given successively foi 
periods appioxunatmg one month each Whenevei possible, an initial 
period of one month without medication was used as a control foi each 
patient For various leasons (noted m the descnption of each case) it 
was not possible to give all of the afoiementioned lemedies m each case 
The penod of medication with anterior pituitaiy extract approximated 
ten days instead of one month In instances m which prostigmme was 
administered parenterally, examination was made one hour aftei the 
injection For all other forms of therapy examination was made at 
9am, the patient lemammg m bed until this hour 

The dosage of vanous medications admmisteied dm mg the couise of 
this study was as follows ammoacetic acid, 10 Gm three times a day, 
ephednne, 003 Gm three times a day, anterioi pituitaiy extiact, 1 cc 
by hypodermic injection twice a day, prostigmme methylsulfate 
(1 2,000), 3 cc by hypodermic injection, and prostigmme biomide, 90 
to 165 mg daily by mouth (given three or foui times a day) 

TEST PROCEDURES 

A preliminary trial period during which a wide variety of test procedures 
were used for patients with nn asthenia gravis and for controls served to eliminate 

3 The form of extract of the anterior lobe of the pituitary gland used m 
this study was antuitrm 
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a number of tests that were found to be unsatisfactory In the more reliable 
test procedures the factor of dependence on the patient’s cooperation, although 
still present to some extent, was minimized Standardization of other variable 
factors was attempted whenever possible Patients were always examined at the 
same time of day Excessive clothing was removed, and draping of the body was 
designed to allow complete freedom of motion of all extremities Test procedures 
were performed in the same sequence at each examination Each test was done 
twice at every examination, and the maximum result was always taken as the 
one for comparison All dynamic tests were timed so that the speed of performance 
could thereby be standardized During an examination the patient was seated in 
a chair the seat level of which was 47 cm from the floor 

In choosing satisfactory test procedures, the greatest difficulty was encountered 
with the muscles innervated by the cranial nerves Quantitative measurements 
of blinking, squinting and biting were attempted but proved to be unreliable because 
of the excessive variability of reaction Protrusion of the tongue was found to be 
the only satisfactory method of testing the strength of the bulbar muscles This 
procedure has been termed the dynamic lingual test and consists of repetitive, forc- 
ible protrusions of the tongue at a definite rate of speed continuing until weakness 
prevents protrusion beyond the margins of the lips 

Less difficulty ivas encountered in choosing reliable tests of motor power in the 
extremities The static arm test consisted of continuous abduction of the extended 
arm while supporting a hand weight of 1,000 Gm above a level of 84 cm from 
the floor, the test was terminated on inability to maintain this level Similarly, 
the static leg test consisted of continuous elevation of the extended leg above a 
level of 43 cm from the floor, the test w»as terminated by inability to maintain 
this level 

The dynamic arm test consisted of repetitive elevation of the extended arm 
from the knee to a vertical position at a definite rate of speed, the test was 
terminated by failure to elevate the arm completely The dynamic leg test con- 
sisted of alternate extension-flexion movements at the knee at a definite rate of 
speed, the test was terminated by inability to continue this procedure Similarly, 
the dynamic forearm and toe tests, vffiich were used in 1 case, consisted of alternate 
extension-flexion movements at a definite rate of speed, continued to exhaustion 
In a number of cases the poiver of the hand grasp ivas determined by means of a 
dynamometer The average of four alternately successive attempts was used as 
the basis for comparison The dynamometer has been used also to determine the 
duration of effect resulting from the hypodermic administration of prostignnne 


REPORT OF CASES 

Case 1 — H A , a man aged 51 j’-ears, a carpenter, was admitted to the 
Montefiore Hospital on Oct 29, 1934 He had had typhus fever at 15 years of age 
and frequent colds since early childhood At various times he had had operations, 
including bilateral herniorrhaphy, removal of a testicle and appendectomy In 
1914 he had sharp pains in both shoulders, which persisted until 1922 and sub- 
sequently recurred infrequently In 1934 he had general malaise without any specific 
complaints In April there was sudden onset of pam in the right side of the chest, 
radiating to the right shoulder and arm and associated with slight fever One 
month later a dull pain in the back of the neck appeared and was accompanied 
by a sensation of heaviness, with difficulty in lifting the head, difficulty in masti- 
cation and dysphagia soon appeared The speech became nasal Weakness of the 
left arm developed and was soon followed by weakness of the right arm All of 
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these symptoms became worse, and in addition there were dropping of the lower 
jaw, drooling of saliva, ptosis on the left and episodes of dyspnea 

The significant physical findings on the patient’s admission to the hospital were 
weakness of the bodv musculature generally with rapid fatigability , weakness of 
the facial muscles with inability to close the eyes, weakness of the muscles of 
mastication and of the tongue, and nasal speech 

Laboiatoiy Data —Urinalysis and a blood count gave results within normal 
limits The value for blood sugar was 100 mg, that for urea nitrogen 13 8 mg, 
that for calcium 115 mg and that for phosphorus 4 6 mg, per hundred cubic 
centimeters Serologic examination of the blood and of the spinal fluid did 
not reveal syphilis A myasthenic electrical reaction was obtained in the muscles 
of the left upper extremity 

Coin sc — Previous to the period of experimental therapy the patient received 
combined ammoacetic acid and ephedrine medication, with resultant improvement 
When all medication was withdrawn the patient complained bitterly of increasing 


Table 1 — Results of Theiapy m Case 1 




Medicament 



r ' 



Ammoacetic 



Aminoncetic 


Acid Plus 


None 

Acid 

Ephedrine 

Fphedrme 

Tongue 

CO 1 05 

55 1 00 

C3 1 05 

77 1 20 

Anns (static) Right 

23 

20 

1 40 

1 48 

Left 

1" 

20 

1 20 

1 42 

Anns (dynamic) Right 

25 33 

23 33 

50 1 20 

SO 1 40 

Left 

10 25 

19 27 

36 45 

07 1 27 

Legs (static) Right 

3G 

35 

52 

56 

Left 

45 

42 

57 

58 

L n gs (dynamic) Right 

4“ 1 08 

32 40 

58 1 14 

58 1 17 

Left 

40 1 03 

31 45 

30 53 

58 1 16 


* In tables 1 to 7, inclusive tlie numbers represent the period (in minutes and seconds) 
during which the patient was able to maintain the muscular effort required bj the test 


weakness, dysphagia and dyspnea During the period of ammoacetic acid therapy 
weakness persisted and there was a loss of 9 pounds (4 1 Kg ) in weight During 
the period of ephedrine therapy there was a definite increase in strength, noted chiefly 
in the extremities Dui mg the period of combined ammoacetic acid and ephedrine 
therapy this improvement persisted and was accompanied by improved speech and 
subsidence of dysphagia Subsequently the patient was given prostigmine by injec- 
tion but had an unfavorable reaction He complained of marked nausea and colicky 
abdominal pain starting one-half hour after the injection and lasting two hours 
Further use of prostigmine was refused by the patient He was discharged on 
Dec 8, 1935 

Comment — The objective results of theiapy in this case aie shown 
m table 1 The beneficial effect of epheclnne theiapy was conclusivel) 
demonstrated Ammoacetic acid theiapy alone was appaiently ineffec- 
tive The slightly gieatei benefit obtained with combined medication 
as compared with ephedrine medication may possibly be due to the more 
pi olonged use of the lattei 
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Case 2 — A M , a man aged 63 years, was admitted to the Montefiore Hospital 
on Aug 8, 1935, with a history of nuchal pain beginning in May 1934 and soon 
followed by weakness in closing the jaws The pain subsided, but drooping of 
the left ejelid appeared In August diplopia was noted and was gradually fol- 
lowed by dysphagia, nasal regurgitation and thick speech All of these symptoms 
became more marked In May 1935 there was an episode characterized by the 
sudden onset of abdominal pain and dyspnea, this was diagnosed as a “heart 
attack ” Subsequently the nuchal pain recurred 

The noteworthy physical findings on admission were an enlarged heart with 
generalized arteriosclerosis, chronic bronchitis with pulmonary emphysema, gen- 
eralized motor weakness with rapid fatigability, myasthenic facies, bilateral 
paresis of the muscles of mastication and those of the tongue and palate, nasal 
dysarthric speech, dysphagia, and diplopia 

Laboi atoi y Data — Urinalysis and blood count gave results within normal limits 
The value for blood sugar was 105 mg, that for urea nitrogen 171 mg, that for 
calcium 10 9 mg and that for phosphorus 4 4 mg per hundred cubic centimeters 


Table 2 — Results of Therapy m Case 2 




Medicament 



t 

Aminoacetic 



None 

Acid 

Ephedrine 

Tongue 

32 29 

34 32 

53 42 

Arms (static) Right 

30 

40 

1 13 

Left 

22 

33 

54 

Arras (dynamic) Right 

34 43 

39 55 

61 1 22 

Left 

31 3S 

33 43 

42 57 

Legs (static) Right 

21 

23 

37 

Left 

25 

30 

32 

Legs (dynamic) Right 

30 35 

26 31 

3S 48 

Left 

25 29 

27 33 

41 49 


Serologic tests of the blood and spinal fluid showed no evidence of syphilis The 
basal metabolic rate was — 4 per cent The electrocardiogram showed right axis 
deviation A myasthenic electrical reaction was obtained in the facial and 
sternomastoid muscles Biopsy of muscle tissue showed nonspecific degeneration 
Course — During the period of no medication following admission to the 
hospital the patient displayed increasing weakness associated with paroxysmal 
dyspnea During the period of aminoacetic acid medication the extremities were 
slightly stronger, but there was no improvement in the bulbar symptoms During 
the period of ephednne medication there was a definite increase in muscular 
strength generally and a diminution in the intensity of the bulbar symptoms This 
improvement persisted during the short period of combined ephednne and 
aminoacetic acid medication until Jan 5, 1936, when there was a sudden exacerba- 
tion of symptoms associated with the development of pulmonary edema Death 
due to coronary thrombosis occurred on January 9 In the terminal stage the bulbar 
symptoms could be temporarily and partially relieved by the administration of 
prostigmme hypodermically 

Comment — The objective results of therapy in this case are shown 
m table 2 The ineffectiveness of aminoacetic acid and the effectiveness 
of ephednne are conclusively demonstrated 
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Case 3 — I K, a man aged 24, a furrier, was admitted to the Montefiore 
Hospital on Sept 18, 1931 In December 1929 he noticed that his lower extremities 
were gradually becoming weaker Soon afterward the lifting of light objects 
became difficult Six months later there appeared generalized weakness and 
occasionally diplopia During the next six months he began to stutter when 
fatigued, and chewing became difficult As his condition progressed he noticed that 
he was generally more fatigued in the morning than m the evening 

The significant physical findings on admission were generalized muscle weak- 
ness with rapid fatigability , bilateral ptosis with mechanically demonstrable 
myasthenia, multiple extraocular muscle pareses, nasal speech, dysphagia, and 
difficulty in chewing 

Laboiatoiy Data — Urinalysis showed no abnoimality The blood count was 
within normal limits The value for blood sugar 82 mg , that for urea mtiogen 12 3 
mg , that for calcium 10 1 mg and that for phosphorus 3 3 mg per hundred cubic 
centimeteis Serologic tests of the blood and of the spinal fluid did not leveal 

T A.BLE 3 — Results of The i apy in Case 3 


Medicament 

t * \ 



Rone 

Ammo 

acetic 

Acid 

Ephe- 

drine 

Amino 
acetic 
Acid Plus 
Ephedrine 

Anterior 
Pituitary 
Extract 
(Hypo ) 

Prostig 
mine 
(8 Tab 
lets) 

Prostig 
mine 
(8 Tab 
lets) Plus 
Ephedrme 

Tongue 

45 40 

44 37 

36 28 

40 34 

25 19 

81 1 01 

82 56 

Arms (static) Eight 

50 

57 

1 58 

1 54 

1 04 

2 16 

2 36 

Lett 

.40 

46 

1 2b 

1 30 

1 04 

1 48 

2 23 

Arms (dynamic) Right 

3S 52 

38 62 

42 1 02 

5S 1 15 

37 4S 

81 1 52 

95 2 09 

Lett 

27 36 

41 55 

39 53 

48 1 02 

32 40 

64 1 29 

81 1 46 

Legs (static) Right 

32 

36 

•58 

53 

41 

1 04 

1 28 

Lett 

31 

30 

52 

47 

37 

50 

1 07 

Legs (dynamic) Right 

27 .32 

34 40 

40 43 

45 50 

28 30 

71 1 15 

92 1 28 

Left 

26 28 

35 38 

41 44 

48 56 

34 "33 

65 1 09 

104 1 37 


syphilis The basal metabolic rate was — 19 per cent The electrocardiogram showed 
sinus rhythm A myasthenic electrical reaction was obtained m the left biceps 
and in the facial muscles 

Comse — Prioi to the period of experimental therapy the patient had been 
treated at various times with gelatin, ephedrme or ammoacetic acid A combina- 
tion of the last two forms of medication was beneficial When all medication was 
withdrawn there were marked increase m muscular fatigability, increase m diplopia 
and recurrence of dysphagia During the period of ammoacetic acid medication 
the aforementioned exacerbation of symptoms persisted During the period of 
ephedrme medication, after two weeks the patient noticed a general increase m 
muscular strength, particularly m the extremities, and a subsidence of dysphagia 
During the period of combined ammoacetic acid and ephedrme medication the 
symptomatic improvement persisted During the period of medication with anterior 
pituitary extract there was an exacerbation of symptoms similar to that noted when 
no medication was given In response to the administration of prostigmme hypo- 
dermically there was noted within fifteen minutes a deep tingling sensation m 
the face and then throughout the body, which was shortly followed by an increase 
m strength of the muscles, including those innervated by the cranial nerves 
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(fig 1) The maximum increase in strength appeared at the end of one hour and 
was followed by a gradual subsidence During the period of oral administration 
of prostigmine the patient noticed a definite increase in strength affecting the 
entire body musculature A slight feeling of nausea was occasionally present after 
the administration of prostigmine During the period of combined prostigmine and 
ephedrine medication the increased muscular strength seemed to last longer than 
it did after medication with prostigmine alone 

Comment — The objective results of therapy in this case are shown 
in table 3 The ineffectiveness of annnoacetic acid and of anterior 
pituitaiy extiact is clearly shown The beneficial effect of ephedrine 
is demonsti ateci m the extremities The striking effectiveness of pro- 
stigmine was noted both in the tongue and in the exti ennties Combined 



Fig 1 (case 3) — Facial appearance of the patient ( A ) without medication 
and (j B) after hypodermic administration of prostigmine 

piostigmme and ephedime medication appeared to be slightly more 
potent than prostigmine theiapy alone 

Case 4 — J W , a woman aged 45, a housewife, was admitted to the Montefiore 
Hospital Nov 13, 1934, with a history of diplopia and fatigability in speaking, 
both starting one year previously These symptoms were associated with gradually 
increasing weakness and dysphagia There was a gradual loss of weight, amount- 
ing to 100 pounds (45 4 Kg ) previous to admission 

The significant physical findings on admission were emaciation, generalized 
muscular wasting but no focal atrophies or fibrillations, generalized muscular 
weakness with rapid fatigability, generalized hyperreflexia , myasthenic facies, 
myasthenic weakness of all the musculature innervated by the cranial nerves 
including the eyes, face, tongue, jaws and palate, dysphagia, and nasal speech with 
the early appearance of aphonia 10331 

Laboiafoiy Data — Urmahsis revealed no abnormality The blood count 
showed hemoglobin, 74 per cent, red blood cells, 3,030,000 per cubic millimeter. 
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white blood cells, 4,700 with poly morphonuclears 79 per cent, lymphocytes 13 
per cent and monocytes 8 per cent Achlorhydria was present after administra- 
tion of histamine The value for blood sugar was 88 mg, that for urea nitrogen 
9 3 mg , that for calcium 9 7 mg and that for phosphorus S 1 mg per hundred 
cubic centimeters Serologic tests of the blood and spinal fluid serology showed 
no evidence of syphilis The basal metabolic rate was 0 The electrocardiogram 
showed sinus rhythm A myasthenic electrical reaction was obtained in many of 
the involved muscles 

Cowse — Prior to the experimental period of therapy the patient received 
combined ephedrine and anunoacetic acid medication with resultant improvement 
m her condition When all medication was withdrawn there was a marked increase 
m weakness together with increased dysphagia and dysarthria During the period 
of aminoacetic acid medication the patient complained bitterly of increasing weak- 
ness, and she was confined to bed much of the time During the period of ephedrine 


Table 4 — Results of Theiapy tit Case 4 






Medicament 

— 








Aminoacetic 

Anterior 

Pituitary 





Aminoacetic 


Acid* Pius 

Evtract* 

Prostlgmine 



None 

Acid 

Ephedrine 

Ephedrine 

(Hypo ) 

(Hypo ) 

Tongue 


50 42 

53 48 

42 35 

48 45 

32 33 

144 2 07 

Arms (static) 

Bight 

1 01 

1 07 

1 OS 

1 11 

40 

1 44 


Left 

13 

51 

1 06 

1 16 

on 

oo 

1 30 

Arms (dynamic) Bight 

2S 42 

33 48 

39 49 

41 37 

21 31 

45 58 


Left 

21 31 

20 42 

35 18 

36 51 

IS 25 

32 38 

Legs (static) 

Bight 

23 

24 

26 

21 

23 

26 


Left 

30 

36 

36 

3S 

31 

40 

Logs (dynamic) Bight 

32 36 

32 33 

39 44 

41 42 

20 22 

37 37 


Left 

27 31 

30 32 

40 43 

37 3S 

27 30 

43 43 

Dynamometer 

Bight 

33 8 

37 5 

44 5 

44 2 

27 

47 

(hands) 

Left 

30 

33 2 

36 S 

37 

20 8 

38 8 


* Periods of therapy separated bj an interval of three months 


medication there was a definite increase in strength generally, but the patient 
had many somatic complaints During the period of combined aminoacetic acid 
and ephedrine medication improvement in muscular strength persisted, but the 
psychoneurotic manifestations continued The patient showed a distaste for 
aminoacetic acid and would refuse this form of medication During the period 
of medication with anterior pituitary extract there was a marked exacerbation of 
weakness associated with paroxysmal choking The administration of prostigmme 
hypodermically resulted m marked increase m muscular strength but was accom- 
panied by objectionable features, such as muscle contractions, diarrhea and burn- 
ing on urination As a result the patient rejected this form of medication and 
preferred to continue with ephedrine until her discharge from the hospital on 
May 28, 1936 

Comment — This patient had pernicious anemia in addition to 
myasthenia giavis She was also obviously psychoneurotic The objec- 
tive results of therapy are shown m table 4 The tests weie not entirely 
satisfactoiy m this case, owing to lack of cooperation Nevertheless, 
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ephedrme was shown to be effective by means of the dynamometer 
The ineffectiveness of antenor pituitaiy extract and the compai atively 
stiikmg beneficial effect of prostigmme are cleaily demonstrated 

Case S — S S , a white girl aged 13 years, was admitted to the Montefiore 
Hospital on Feb 22, 1935, with a history of gradual onset of hoarseness and diffi- 
culty in swallowing in the autumn of 1933 Soon afterward excessive fatigability 
appeared and was accompanied by diplopia, drooping of the eyelids and nasal speech 
All of these symptoms improved slightly after a course of nonspecific protein 
therapy and then became worse Weakness was always more marked in the 
e\emng than in the morning 

Physical examination on admission revealed the girl to be markedly under- 
nourished She was of asthenic habitus There were generalized muscular weakness 
with rapid fatigability, particularly in the upper extremities , typical myasthenic 

Table 5 — Results of Therapy m Case 5 


Medicament 


t — 







Amino 



Prostig 






acetic 

Anterior 


mine 




Amino 


Acid* 

Pituitary 

Prostig 

(Hypo ) 




acetic 

Ephe 

Pius 

Extract* 

mine 

Plus 



A one 

Acid 

drme 

Ephedrine 

(Hypo ) 

(Hvpo ) Ephedrine 

Tongue 


40 30 

47 32 

50 42 

52 45 

33 26 

SI 58 

100 1 22 

Arms (static) 

Right 

33 

22 

43 

53 

02 

58 

1 12 


Left 

30 

22 

39 

43 

01 

53 

50 

Arms (dynamic) Right 

3S 47 

40 1 00 

52 1 10 

50 1 10 

17 23 

66 1 31 

70 1 43 


Left 

So 4o 

36 4S 

50 1 04 

47 1 06 

14 21 

57 1 17 

57 1 17 

Legs (static) 

Right 

47 

1 15 

1 08 

1 10 

10 

1 24 

2 20 


Left 

50 

1 IS 

1 12 

1 02 

08 

1 12 

1 45 

legs (dynamic) 

Right 

30 33 

38 43 

38 42 

50 52 

17 20 

54 1 05 

70 1 20 


Left 

33 35 

45 50 

40 47 

46 45 

15 17 

54 1 00 

53 5S 

Dynamometer 

Right 

16 

18 5 

19 2 

19 5 

14 7 

25 5 

27 5 

(hands) 

Left 

14 7 

17 5 

18 5 

IS 5 

95 

24 2 

25 7 


* Periods of theraov separated bv an Interval of five months 


facies, bilateral ptosis, particularly on the right, multiple extraocular muscular 
pareses, and weakness of the muscles of mastication and those of the palate and 
tongue Early fatigability with rapid recovery on resting was demonstrable in all 
the paretic muscles 

Laboratory Data — Urinalysis gave negative results The blood count was within 
normal limits The value for blood sugar was 93 mg , that for urea nitrogen 
9 3 mg , that for calcium 10 9 mg and that for phosphorus 5 2 mg , per hundred 
cubic centimeters Serologic tests of the blood and of the spinal fluid revealed no 
evidence of syphilis The basal metabolic rate was — 11 per cent The electro- 
cardiogram showed sinus rhythm with low voltage 

Course — During the initial period without medication the condition of the 
patient remained unchanged During the period of aminoacetic acid medication 
there was no change in her condition In spite of a special diet there was no 
increase m weight, largely because of the rather marked dysphagia During the 
period of ephedrme medication there was a definite increase m muscular strength, 
which was greater objectively than subjectively During the period of combined 
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ephednne and ammoacetic acid medication improvement continued, and the patient 
was discharged on July 28, 1935 After her readmission on December 17 there 
was an exacerbation of muscular weakness accompanied by dyspnea and dysphagia 
during the period of medication with anterior pituitary extract After the 
administration of prostigmine hypodermically there was a considerable increase 
in strength generally, but this could be maintained only by frequent administration 
of this medicament The patient gradually became weaker but was fairly com- 
fortable except for considerable difficulty m swallowing mucus On March 19, 
1936, there was a sudden onset of marked dyspnea Examination revealed a massive 
collapse of the left lung, and death occurred on March 20, 1936 In the terminal 
stage prostigmine for a time was remarkably effective in relieving the patient 
temporarily, but finally it became ineffective 

• Comment — The age of onset of disease (11 yeais) m this patient 
is unusual Only a few cases of myasthenia giavis have been lepoited 
as occurring in clnldien The occuirence of massive pulmonary collapse 
deseives mention as an unusual complication which should be guarded 
against m the case of a patient with maiked dysphagia The objective 
results of theiapy m this case aie shown m table 5 The paitial benefit 
lesultmg from ephednne theiapy is best shown m tests of the uppei 
extiemities Although the patient was in a state of relapse, the com- 
plete ineffectiveness of anterior pituitaiy extract and, m conti ast to this, 
the remai kable effectiveness of prostigmine are strikingly demonstrated 
Combined piostigmme and ephednne medication apparently pioduces 
a slightly bettei lesult than does the foimer medication alone 

Case 6 — W K, a man aged 29 years, a dress cutter, was admitted to the 
Montefiore Hospital on April 17, 1936 About thirteen years previously he had 
begun to notice diplopia and drooping of the right upper eyelid At about the 
same time he noted excessive fatigue after an ordinary day’s activity He also had 
difficulty in swimming and was unable to play baseball as previously His condi- 
tion remained unchanged for four years, and then weakness became more marked 
Dysphagia with nasal regurgitation of fluids appeared at that time He was 
admitted to another hospital in 1926, where he was given ephednne medication, 
and this was continued However, all symptoms have persisted so that the patient 
has been unable to work for the past seven years 

The significant physical findings on admission were marked weakness of 
all the body musculature with rapid fatigability, more marked in the extremities 
and more marked proximally than distally, atrophy of the paretic musculature 
of the shoulder girdle, myasthenic facies and weakness of the jaw muscles, 
weakness and atrophy of the tongue, and multiple extraocular muscle pareses, 
particularly m the right eye 

Labotatoiy Data — A urinalysis and a blood count gaie results within normal 
limits The value for blood sugar was 96 mg , that for urea nitrogen 17 6 mg , that 
for calcium 9 4 mg and that for phosphorus 4 3 mg per hundred cubic centimeters 
Serologic tests of the blood and of the spinal fluid revealed no evidence of syphilis 
The basal metabolic rate was — 12 per cent The electrocardiogram showed marked 
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sinus arrhythmia A myasthenic electrical reaction was obtained m the muscles 
of the right side of the face and in those of the right forearm 

Couise — During the initial period without medication there was an exacerba- 
tion of symptoms The patient was unable to wash himself, he could walk 
only a very short distance, he could not raise a spoon to his mouth, he showed 
rapid fatigability in his speech and marked dysphagia, he could not smile, shut 
his eyes or whistle, and he had diplopia and complained of difficulty in evacuation 
of the bowel During the period of ephedrine medication there was a gradual and 
considerable improvement in his strength, particularly in the extremities This 
was manifested in a diminution in the intensity of many of the aforementioned 
manifestations After the administration of prostigmme hypodermically there 
was profuse perspiration after ten or fifteen minutes and then an increase in 
motor power, first m the face A maximum effect was observed at the end of one 
and one-half hours (fig 2) At this time the patient would be able to smile and • 



Fig 2 (case 6) — Facial appearance of the patient (A) without medication 
and ( B ) after hypodermic administration of prostigmme 


Table 6 — Results of Theiapy m Case 6 


Medicament 


' 

Ephedrine 


< 

Prostigmine 


Plus 

Prostig- 

(8 Tab 


Prostigmme 

mine 

lets) Plus 

None 

Ephedrine (Hypo ) 

(8 Tablets) 

Ephedrine 


Tongue 


60 24 

60 25 

120 1 00 

77 37 

105 50 

Arms (static) 

Eight 


10 

1 07 

12 

19 


Left 



58 

15 

28 

Arms (djnamic) Eight 


5 05 

37 55 

7 11 

19 32 


Left 


1 02 

35 50 

4 07 

17 28 

Pegs (static) 

Eight 

18 

32 

1 40 

35 

48 


Left 

20 

36 

1 18 

37 

52 

Pegs (dynamic) 

EJght 

39 32 

44 35 

160 2 20 

40 33 

83 1 16 


Left 

45 35 

47 3S 

200 2 25 

49 38 

87 1 26 

Dvnamometer 

Eight 

24 2 

45 

78 8 

41 2 

77 2 

(hands) 

Left 

25 

44 5 

70 2 

45 5 

76 2 
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close his eyes tightly and whistle He would notice slight borborygmus and 
would be apt to have a bowel movement at this time During the period of 
oral administration of prostigmine the muscular strength of the patient continued 
to manifest improvement, which, however, was dependent on continued administra- 
tion of this drug, so that during the night there was often marked weakness 
During the period of combined ephedrine and prostigmine medication the only 
subjective alteration consisted of a possibly more prolonged beneficial effect fol- 
lowing each dose 

Comment • — The objective lesults of theiapy in this case aie shown 
m table 6 Ephednne apparently shows its greatest effect in the extiem- 
lties Prostigmine was lemarkably beneficial thioughout, and striking 
lesults weie obtained when it was admuusteied hypodei nucally Com- 



Fig 3 (case 7) — Facial appearance of the patient (A) without medication 
and ( D ) after hypodermic administration of prostigmine 

bmed piostignnne and ephedrine theiapy by mouth seems to be 
consideiably moie effective than admimstiation of eithei of these 
medicaments alone 

Cash 7 — Ii L , a man aged 20 vears, a law student, was admitted to the 
Montefiore Hospital on Sept 9, 1935 He had had poliomyelitis at 1 year of age, 
with residual weakness of the right leg Subsequently he was in good health until 
the sudden onset of his present illness m May 1935, when he noticed blurring 
of vision while taking a law examination This symptom recurred and rapidly 
became more marked It was soon followed by the appearance of drooping of 
the eyelids and occasional diplopia One month later weakness of both legs 
appeared, followed by weakness of the right arm and then of the left arm At 
the same time difficulty m chewing was noted Weakness rapidly became more 
marked, the patient becoming bedridden shortly before his admission to the 
hospital 
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The significant physical findings on admission were a sallow complexion, 
with some greasiness of the skin, bilateral foot drop, marked generalized motor 
weakness, more in the right upper extremity than in the left and increasing 
caudal ly to almost a total paralysis of both lower extremities, rapid fatigability 
of the paretic muscles , muscular atrophy in the right lower extremity but nowhere 
else, absence of the deep reflexes in the lower extremities, bilateral external 
ophthalmoplegia, bilateral ptosis, a myasthenic facies, and weakness of the jaw 
muscles 

Laboiatoiy Data — Urinalysis gave negative results The blood count was 
within normal limits The value for blood sugar was 86 mg, that for urea 
nitrogen 12 5 mg, that for calcium 12 2 mg and that for phosphorus 5 2 mg per 
hundred cubic centimeteis Serologic tests of the blood and of the spinal fluid 
revealed no evidence of syphilis The basal metabolic rate was — 14 per cent 
The electrocardiogram showed right axis deviation 

Cowse — During the initial period without medication there were increasing 
weakness and an episode of excessive drowsiness, with constant yawning lasting 

Table 7 — Results of Thciapy m Case 7 


Medicament 


r i—— 

Aminoacetic 
Acid Plus 

Aminoncetic 
Acid Plus 
Ephedrine 
Plus Prostig 

Prostig 
mine (11 

Prostigmine 
(11 Tab 
lets) Plus 

Xone 

Ephedrine 

mine (Hvpo ) 

Tablets) 

Ephedrine 


Arms (djnamic) 

Right 





10 

15 



2 

04 


Left 





IS 

33 



4 

07 

Eorearms 

Right 

10 

17 

16 

31 

100 2 

23 

13 

23 

21 

3S 

(dynamic) 

Left 

32 

40 

41 

1 10 

100 2 

OS 

40 : 

l 07 

100 

2 13 

Toes (dynamic) 

Right 

30 

26 

50 

37 

62 

52 

4S 

35 

52 

35 


Left 

47 

35 

63 

45 

110 1 

3S 

60 

40 

76 

45 

Dynamometer 

Right 





S 





42 

(hands) 

Left 




12 

15 
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several days Paroxysmal attacks of dyspnea appeared Because of the serious- 
ness of the symptoms, combined ephedrine and aminoacetic acid medication was 
instituted He gradually showed improvement manifested by less marked fatig- 
ability and a quicker return of strength after activity However, there was hardly 
any noticeable effect on the muscular strength of the lower extremities Paroxysmal 
dyspnea still occurred, but less frequently Within ten minutes after the administra- 
tion of prostigmine hypodermically the patient would experience a generalized 
tingling in the muscles, and shortly afterward he would be able to raise his eyelids 
The maximum effect would be obtained after forty-five minutes, and the duration 
of the effect approximated four hours There was an improvement in muscular 
strength generally, but particularly m the distribution of the cranial nerves (fig 3) 
Slight motion of the eyes as well as slight motion of the legs was possible during 
the optimum phase of improvement During the period of oral administration of 
prostigmine improvement m muscular strength was also achieved, although it was 
less noticeable than after hypodermic administration of this drug Evacuation of 
the bowel could be accomplished easily, in contrast with the difficulty noticed 
immediately after admission During the period of combined prostigmine and 
ephedrme medication the patient subjectively seemed to experience a more prolonged 
beneficial effect following each dose of the former drug 





SCHLEZINGER— MYASTHENIA GRA VIS 


73 


Comment — The rapidity of progiession and the intensity of involve- 
ment are unusual featuies The existence of bilateral external ophthal- 
moplegia is also noteworthy The objective results of therapy are shown 
m table 7. Myasthenia was not demonstrable by means of the dynamic 
lingual test, this test was therefoie omitted Combined ammoacetic 
acid and ephednne theiapy was mildly beneficial, and it is likely that 
this result was essentially due to the ephednne Prostigmme given by 
mouth produced an appioximately equivalent result m the extiemities 
but was moie effective than ephednne in relieving bulbar manifestations 
(not measured objectively) Prostigmme admimsteied hypodei mically 
was stiikmgly effective, in view of the almost complete incapacitation 
This is well shown in table 8. The oral administration of both pio- 
stigmme and ephednne seemed to be moie beneficial than admmisti ation 
of the foimer medicament alone 

Table 8 — Effect of Pi oshgmme (3 Ampules Hypodei mically) m Case 7 


Hignt left 


Hour 

r — 

9 

rO 

11 

1 

C 

9 

10 

ii 

1 


f 

0 

36 

25 

3 

0 

45 

36 

5 

Dynamometer 

\ 

0 

40 

28 

0 

0 

50 

37 

0 


i 

0 

35 

22 

0 

0 

54 

25 

0 


i 

0 

30 

15 

0 

0 

42 

20 

0 



0 

35 2 

22 5 

07 

0 

47 7 

Ol 

CM 

12 


. GENERAL COMMENT 

The tieatment of myasthenia gravis has always moie oi less 1 effected 
the vaiymg theones as to the pathogenesis of this disease It is theie- 
foie pertinent to mention bnefly some of these theories For many 
years the condition was considered to be pnmai lly a neurologic disoider, 
but no characteristic lesions were ever discovered m either the central 
or the peripheral neivous system Later the discovery of lymphonhages 
caused emphasis to be placed on the muscles as the primary site of 
disease Subsequently the observation of an enlaiged thymus gland m 
about 50 per cent of cases directed attention to the endocnne system 

Throughout this penod, which lasted until 1930, a wide variety of 
remedies were used, and conflicting results were often reported As 
m all debilitating diseases, tonics were extensively employed , strychnine 
m massive doses was paiticularly lecommended Diet theiapy was tried 
by some observeis, and the administration of calcium was suggested by 
others Endocrine therapy of all types was resorted to, the disease 
being considered due to endocnne dysfunction Beneficial effects and 
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complete ineffectiveness weie lepoited by various obseiveis as follow- 
ing the use of adrenal, thymic, thyioid, ovanan, testiculai and hypo- 
physial pieparations 

Recently Simon 4 5 6 has described 2 cases in which subsidence of symp- 
toms occuned after the admmistiation of anterior pituitaiy extract 
The piesent study showed a complete lack of favoiable response in 
every case m which this aqueous solution of the adenohypophysis was 
used (tables 3 to 5) 

Of all the forms of theiapy discussed thus fai, none have stood the 
tests of time and repeated tnals Ii radiation of the thymus m cases in 
which this gland is enlarged has been leported as successful in a few 
instances but is usually ineffective It should be emphasized that 
symptomatic treatment, consisting of such measuies as lest, nourishing 
diet and good nursing care, has always been used and still is to be used 
m conjunction with the more specific forms of theiapy 

In lecent years it has been gradually lecognized that a distuibance 
of muscle metabolism exists in myasthenia giavis The discovei} of 
creatine m the urine of some patients was consideied as evidence m 
favor of such a hypothesis In 1932, Remen c and Boothby 0 reported 
amehoiation of symptoms following the admmistiation of ammoacetic 
acid Shoitly befoie this time, Edgewoith 7 demonsti ated the beneficial 
effect of ephedrine Subsequently, Boothby 8 lecommended the use of 
combined ammoacetic acid and ephednne medication as more effective 
than the use of eithei lemedy alone 

The present investigation indicates that ammoacetic acid alone is of 
little oi no value (tables 1 to 5) The value of the test procedures 
utilized in this study is well illustiated in 1 case (case 1) The patient 
stated definitely that he felt stronger while receiving ammoacetic acid, 
but this subjective impiovement was not demonsti ated m the results 
of the objective test (table 1) It was just such gross umeliability that 
this study avoided by its manner of investigation 

Ephednne medication alone was shown to be capable of producing 
considerable improvement m some cases (tables 1, 2, 3 and 6) In 2 
cases the objective evidence of improvement could not be considered 

4 Simon, H E Myasthenia Gravis, JAMA 104 2065 (June 8) 1935 

5 Remen, L Zur Pathogenese und Therapie der Myasthenia gravis pseudo- 
•paralytica, Deutsche Ztschr f Nervenh 128 66, 1932 

6 Boothby, W M Myasthenia Gravis A Preliminary Report on the 
Effect of Treatment with Glycine, Proc Staff Meet, Mavo Clin 7 557 (Sept 
28) 1932 

7 Edgeworth, H A Report of Progress on the Use of Ephedrine in a 
Case of Myasthenia Gravis, J A M A 94 1136 (April 12) 1930 

8 Boothby, W M Myasthenia Gravis The Effect of Treatment with 
Glycine and Ephednne, Arch Int Med 53 39 (Jan ) 1934 
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significant (tables 4 and 5) It would appeal fiom this study that the 
good results obtained with combined ammoacetic acid and ephedrme 
medication are piobably laigely if not entirely attributable to the lattei 
lemedy alone This is most stnkingly shown m 2 instances (tables 
1 and 3) The dynamic aim test m these 2 cases seemed to indicate 
relatively gieatei benefit lesultmg fiom combined medication, but con- 
fii mation was lacking m the other test procedures 

It is intei estmg to note that ephedrme appaiently is moie effective in 
liupioving the motoi powei of the appendiculai skeletal muscles than 
that of the musculature mneivated by the cranial nenes In 3 patients 
the dynamic lingual test showed no significant evidence of benefit, which 
contrasted with the lesults of other tests (tables 1, 3 and 6) In only 
1 case (table 2) did the dynamic lingual test show significant change 
with ephedrme theiapy No satisfactory explanation is available for 
the i datively gieatei beneficial effect of ephednne on the muscles 
innervated by the spinal nerves 

Although the use of ephednne constituted a gieat advance m the 
tieatment of m> asthenia giavis, within five yeais it was followed by an 
even greatei theiapeutic conti lbution This is dnectly attnbutable to 
the striking advances made m knowledge legal dmg the chemical agents 
concerned in the tiansmission of nervous impulses Fundamental woik 
m this field done sepaiately by Dale 9 and Loewi, 10 as well as moie lecent 
lesearch, indicate that acetylcholine is hbeiated on stimulation of the 
motor nerves supplying striated muscles It has also been discoveied 
that physostigmme enhances and prolongs muscle conti action, appar- 
ently by inhibiting the destiuctive action of cholme esterase on acetyl- 
choline These phenomena have focused attention on the mj-oneuial 
junction as the piobable site of the pathologic piocess m myasthenia 
giavis 

In 1934, Walkei 11 repoited definite impiovement following the use 
of physostigmme in a case of myasthenia giaws Subsequently 12 a 
synthetic analogue known as prostigmme (dimethylcarbamic estei of 
3-hydroxyphenyltiimethylammomum methylsulfate) leplaced physostig- 
nnne as the remedy of choice owing to its less toxic side effects 
Numerous lepoits in the literature have demonstiated the remarkable 

9 Dale, H Chemical Transmission of the Effects of Nerve Impulses, Brit 
M J 1 835 (May 12) 1934 

10 Loewi, 0 Ferrier Lecture on Problems Connected with the Principle of 
Humoral Transmission of Nervous Impulses, Proc Roy Soc, London, sB 118- 
299 (Sept 2) 1935 

11 Walker, M B Treatment of Myasthenia Gravis with Physostigmme, 
Lancet 1 1200 (June 2) 1934 

12 Pritchard, E A B The Use of “Prosttgmin” in the Treatment of 
Myasthenia Graus, Lancet 1 432 (Feb 23) 1935 
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effectiveness of this remedy This improvement is so uniformly 
observed that the injection of prostigmme in case of doubt has been 
proposed by Viets and Schwab 13 as a diagnostic piocedure However, 
it should be remembeied that prostigmme causes no permanent cure, 
as with insulin in diabetes, continued administration is required Pro- 
gression of the disease process may result in death despite the use of 
prostigmme, as occurred in case 5 and as has been leported by Laurent 
and Walker 14 

The present study confirms in all essential lespects the many favor- 
able reports concerning the effectiveness of prostigmme Both the 
pai enteral and the oral mode of administration produce excellent results, 
and the latter method is naturally preferable The effect of a single 
dose peisists for only a few hours (table 8), and therefoie the drug 
must be given at relatively frequent mtei vals, usually three times a day 
The degree of benefit resulting from the use of piostigmme varies 
gieatly in different patients, and the most striking improvement is 
demonstrable when the drug is admimsteied hypodeinncally In contrast 
with the relative lack of effectiveness observed m the tongue when 
ephedrme is used (see foregoing sections) the noticeable benefit resulting 
from prostigmme is easily and often most clearly demonstrated by means 
of the dynamic lingual test (tables 3 to 6) 

The results obtained m this study seem to indicate that combined 
prostigmme and ephedrme medication is more effective than use of the 
former remedy alone (tables 5 to 7 ) The combination increases both 
the intensity and the duration of the beneficial effect obtained from each 
dose of prostigmme The combined admmistiation of piostigmme and 
ephedrme is therefore lecommended as the most satisfactoiy treatment 
available The use of both these remedies has also been suggested by 
Boothby, 15 Laurent and Walker 14 and Macfarlane 16 

The use of large doses of potassium chloride has been pioposed by 
Laurent and Walther 17 as an adjuvant to prostigmme in the treatment 
of myasthenia gravis Such therapy was tried m case 7 and was bene- 
ficial m that the effect of prostigmme seemed to be piolonged How- 

13 Viets, H R , and Schwab, R S Prostigmin in the Diagnosis of Myas- 
thenia Gravis, New England J Med 213 1280 (Dec 26) 1935 Schwab, R S , 
and Viets, H R Prostigmin Test in Myasthenia Gravis, ibid 219 226 (Aug 
18) 1938 

14 Laurent, L P E , and Walker, M B Prostigmin and Its Analogues in 
Myasthenia Gravis, Lancet 1 1457 (June 27) 1936 

15 Boothby, W M Myasthenia Gravis, Tr A Am Physicians 51 188, 1936 

16 Macfarlane, J W Myasthenia Gravis Its Treatment by Combination of 
Prostigmin and Glycine-Ephednne Therapy, Glasgow M J 128 7 (July) 1937 

17 Laurent, L P E , and Walther, W W Influence of Large Doses of 
Potassium Chloride on Myasthenia Gravis, Lancet 1 1434 (June 22) 1935 
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ever, dui mg this period there occuired unpiedictable episodes of toxic 
manifestations 

It is intei estmg to note that the tests utilized m this investigation 
often appaiently revealed the vaiying degiee of myasthenic disease in 
different paits of the body musculatuie in each patient This was shown 
by a selective lack of response to medication For example, m 1 instance 
(table 4) the motor power m the legs showed no response to medication 
other than that which might represent a geneialized weakness In 
another instance (table 7) the piepondeiance of involvement on the 
right side was cleaily indicated However, one must be careful m 
intei pretation of such varying degrees of lesponse to medication, since 
a lack of response m a particular pait may be due either to a localized 
lelative sparing of musculatuie or to a localized relative piepondeiance 
of peimanent weakness as compaied with the more characteristic 
tiansient weakness which may exist in other gioups of muscles. The 
lattei element m myasthenia giavis, namely, tiansient weakness, may be 
the one which is lesponsive to specific medication and may theiefoie 
deteimme the lelative value of therapy foi each patient 

SUMMARY AND CONCLUSIONS 

A numbei of leliable test pioceduies devised for the measurement 
of muscular stiength and fatigability are described. In a gioup of 7 
patients with myasthenia gravis these tests have been utilized foi an 
objective evaluation of therapy in this disease The various medica- 
ments administered were an tenor pituitaiy extract, ammoacetic acid, 
ephednne, combined ammoacetic acid and ephedrme, piostigmme and 
combined piostigmme and ephednne 

This investigation leads to the following conclusions regarding 
theiapy m myasthenia giavis 1 Antuitrm and ammoacetic acid are 
ineffective lemedies 2 Ephednne is definitely beneficial and is piob- 
ably responsible fqi the good results obtained with combined ammo- 
acetic acid and ephedrme medication 3 Prostigmme is a lemarkably 
effective remedy, and its value is enhanced when administered together 
with ephedrme 4 The most satisfactoiy form of theiapy m the absence 
of toxic manifestations consists of the oral admimstiation of combined 
prostigmme and ephedrme medication 
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Chronic atiophic gastritis constitutes 13 6 per cent of gastnc diseases 
It is found constantly in cases of pernicious anemia, sprue and combined 
coid degeneration and m many cases of gastnc caicmoma, m which it 
apparently precedes the development of the tumor However, atrophic 
gastritis occuis without associated diseases and appeals to be a primary 
disease entity The cause is unknown, in laie cases the disease follows 
acute corrosive gastritis (such as that fiom acids 01 lyes), but most often 
chronic superficial gastritis pi ecedes its development 

The gross anatomic featuies of this condition aie best obseived 
through the gastroscope The gastnc mucosa is not the oiange-ied of 
the normal mucosa but giayish pink, gray or greenish giay It ma) be 
so thinned that the blood vessels of the submucosa become visible 
as blue or red arbonzations The atrophic changes aie present either as 
sharply limited patches or as diffuse atrophic aieas, which may involve 
the entire gastric mucosa These changes usually aie more extensive 
and more severe m the uppei portions of the stomach My associates 
and I believe that this atiophy repiesents an mflammatoiy lather than a 
merely degenerative process The evidence m support of this concept 
will be published elsewhere 

Microscopically the outstanding feature is the thinness of the gastnc 
mucosa, the diameter of which may be reduced to one fourth of its 
normal size This thinning is due to the disappeai ance of the gastric 
glands In the cases of most severe involvement the glands disappear 
completely Remnants of crypts he in a dense, chiefly lymphocytic, 
interstitial infiltration The epithelium of these lemnants of glands, as 

From the Department of Gastroenterology, The School of Medicine of the 
Division of the Biological Sciences, University of Chicago 
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well as the suiface epithelium, presents charactenstic changes In many 
places the noimal gastnc epithelium is tiansfoimed into an intestinal 
type of epithelium containing many goblet cells Inflammatory changes 
of the submucosa and muscularis are obseived even m cases of the most 
complete atioph) Edema and cellular infiltration of these layers aie 
frequent If the atrophy is incomplete, the thickness of the gastric 
mucosa is not umfoim In some sections many noimal gastric glands 
are still found, while no glands aie seen m other aieas, as shown in the 
accompanying illustration It would seem that such atrophic changes 
repiesent the end stage of a severe inflammation and that mucosal regen- 



Microscopic section of the gastnc mucosa m a case of se\ere atiophic gastritis 
The thickness of the mucosa is not uniform The diameter at the right side is 
about one third and on the left side about one half its normal thickness The 
normal glands are almost completely missing The surface epithelium and the 
remnants of the glands contain goblet cells There is a large amount of interstitial 
infiltration 

eration could not occur However, hypei plastic piohfeiative nodes and 
pseudopolyps have been observed in some cases evidently lepresentmg 
compensatoiy leactions of the gastric mucosa to the atiophy Complete 
regeneiation of the gastnc mucosa to its previous!} noimal state has 
never been observed without treatment The atiophic changes in the 
cases of moie severe imohement eithei lemam stationai} or progress 
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Jones, Benedict and Hampton 1 weie the first to observe and describe 
apparently complete regeneration of the gastric mucosa after livei ther- 
apy m a case of atrophic gastutis associated with pernicious anemia 
As seen gash oscopically, the mucosa reassumed its normal thickness, the 
characteristic gray was replaced by the normal orange-ied, the blood 
vessels of the submucosa became invisible and the entile gastric mucosa 
was indistinguishable from the normal This important observation later 
was confirmed by Chevalher and Moutier , 2 by Lehmann , 3 by Schiff and 
Goodman , 4 by Sclnndlei 5 and by Schindler and Serby G The last two 
authors emphasized the fact that the apparent legeneration does not 
occur in all cases of tieated pernicious anemia, for they observed lack 
of improvement and even progression of the atrophy despite energetic 
treatment 

Chevalher and Moutier 2 piobably were the first to descnbe cases of 
atrophic gastritis without pernicious anemia m which the same lesult, 
i e apparent regeneration of the atiophic mucosa after liver therapy, 
was obtained A smulai case was reported by Schindler and Serby , 6 
who suggested that in some cases atrophic gastritis may be the result of a 
lack of the antianenuc factor without concomitant changes in the blood 
and also that a parallelism between atiophy of the tongue, of the phaiynx 
and of the stomach and changes in the cord should be assumed 
Furthermore, Chevalher and Moutier 2 found that atrophic gastritis was 
present m some cases of hypochiomic anemia and that in several of 
these the atrophic changes disappeared aftei iron therapy This observa- 
tion has been recently confirmed by Schiff 

The evidence seems to indicate, therefore, that atrophic gastritis, m 
some cases at least, is l elated to a deficiency state 

There is no available information to indicate whether this apparently 
complete regeneration, as seen gasti oscopically, is a true histologic regen- 
eiation There have been no microscopic studies in cases in which the 
gastric mucosa became normal after liver therapy It is to be hoped that 
such observations will be made in the future Brown found m cases of 
treated pernicious anemia that the gastric mucosa examined at necropsy 

1 Jones, C M , Benedict, E B , and Hampton, A O Variations in Gastric 
Mucosa in Pernicious Anemia, Am J M Sc 190 596, 1935 

2 Chevalher, P , and Moutier, F La gastroscopie dans les maladies du sang, 
Sang 11 935, 1937 

3 Lehmann, R Les atrophies gastriques dans les anemies ldiopathiques et 
les metanemies, Pans, E Frangois, 1936 

4 Schiff, L , and Goodman, S Chronic Gastritis Present Day Status, Ohio 
State M J 34 1220, 1938 

5 Schindler, R Gastroscopy The Endoscopic Study of Gastric Pathology, 
Chicago, University of Chicago Press, 1937 

6 Schindler, R , and Serby, A M Gastroscopie Observations in Pernicious 
Anemia, Arch Int Med 63 334 (Feb) 1939 
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showed no changes from the usual appeal ance associated with the 
untieated disease It is possible that in these cases no regeneiation 
would have been seen at gastroscopic examination However, the fact 
remains that the living gastric mucosa m cases m which there has been 
a lesponse to sufficient treatment cannot be distinguished from a normal 
mucosa This observation has led us to employ s} stematic substitution 
theiapy in 8 cases of atrophic gastritis not associated with pernicious 
anemia, combined cord degeneiation, spiue or pellagia Only cases were 
chosen in which the gastroscopic appeal ance was marked and m which 
lepeated gastroscopic examinations weie possible The developments m 
case 1 are reported as control obseivations m a case of untieated atrophic 
gastritis In the subsequent 8 cases, to be presented briefly, the effect 
of substitution theiapy on the gastioscopic picture alone is given chief 
emphasis The clinical reaction to this tieatment will not be described, 
since spontaneous remissions of symptoms, sometimes of long duration, 
aie frequent m this disease Cases 2, 3 and 4 aie instances of severe 
atrophic gastntis m which substitution theiapy was unsuccessful In 
cases 5 to 8 livei therapy led to the apparent regeneiation of the gastric 
mucosa pieviously described In case 9 liver theiapy was unsuccessful, 
while tieatment with iron was followed by mucosal legeneration 

REPORT OF CASES 

Case 1 — AU opine gastnUs not Seated with substitution theiapy 
A 66 year old Irish woman was first seen on Oct 4, 1937, with the complaints 
of epigastric pain and marked weakness of ten to fifteen years’ duration Hei 
condition had been diagnosed elsewhere as gastric ulcer, although no ulcer was 
demonstrated on roentgen examination Her pain usually was relieved by warm 
liquids, the relief from alkalis was only temporary At the time of examination 
she was thin and appeared weak The thyroid gland was enlarged and nodular, 
but otherwise the examination gave negative results 

Gastric analysis after an Ewald test meal showed free hydrochloric acid and 
total acidity 32 The histamine test, with 0 5 mg , showed free hydrochloric 
acid 28 The stools did not contain any occult blood 

The hemoglobin content was 79 per cent, and the red blood cell count 4,710,000 
Roentgenograms showed that the gallbladder, esophagus and stomach were 
normal but that there were two diverticula of the second portion of the 
duodenum 

The course of the disease was characterized by remissions and relapses of 
symptoms In December 1937 the patient stated that she had not felt better m 
many years In June 1938, however, her symptoms recurred 

Gastroscopic examination on Oct 22, 1937, disclosed that in the midportion and 
the upper portion of the stomach the mucosa was thinned and gray and contained 
some blood vessels The impression of atrophic gastritis of the upper portions of 
the lesser curvature and anterior wall was given On June 24, 1938, m the mid- 
portion of the stomach extensne atrophy was seen imohing the lesser cunature 
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the antenor wall and the greater curvature The mucosa was gray and appeared 
thinner than normal Patchy atrophic areas were observed in the upper portion 
of the stomach 

The impression was of atrophic gastutis of the upper portions of the stomach 

This was a typical case of atrophic gastutis not treated by substitu- 
tion therapy Gastroscopic check eight months after the initial gastio- 
scopic examination showed no essential change in the mucosa, although 
the patient impioved clinically with a bland diet and sedatives 

Case 2 — Atrophic gastutis not influenced by live) theiapv 

A 56 year old Italian man was first seen on July 21, 1937, complaining of gas, 
belching and a salty bitter taste in his mouth, all of three years’ duration , he also 
complained of having had substernal and epigastric pain for four to five months 
He had lived chiefly on biead and milk for two years, the epigastric pain, however, 
was not related to the taking of food His condition had been diagnosed elsewhere 
as gastric ulcer and gallbladder disease The physical examination gave essentially 
negative results 

Gastric analysis after an Ewald test meal showed free hydrochlonc acid 0 and 
total acidity 6 Two histamine tests, each with 0 5 mg (Nov 3, 1937, and Feb 19, 
1938), revealed no free hydrochloric acid The hemoglobin content varied between 
84 and 92 per cent and the red blood cell count between 4,560,000 and 5,000,000 

Roentgenograms reiealed a normal gallbladdei, esophagus, stomach and duo- 
denum 

From Nov 13 to Dec 31, 1937, the patient leceived at appi oximately weekly 
intervals intramuscular injections of Lederle’s liver extract 7 in 1 cc amounts for 
a total of 8 cc On Nov 3, 1937, gastroscopic examination disclosed that the 
antrum and the pylorus were normal Above the musculus sphincter antri the mucosa 
of the anterior wall was thin and gray and the blood vessels were visible Patchy 
areas of redness with adheient mucus were seen in the highest portion of the 
stomach The impression gained was of atrophic gastutis of the anterior wall of 
the body of the stomach and mild chronic superficial gastritis of the fornix of the 
stomach At gastroscopic examination on Jan 1, 1938, the antrum and the pylorus 
appeared normal The mucosa of the body, especially of the anterior wall, of the 
greater curvature and of the posterior wall, was tlnn and gray and contained an 
extensive network of branching blood vessels Patches of adherent mucus were 
observed in the highest poitions of the stomach The impression gained was of 
chronic superficial and atrophic gastritis The atrophic gastritis became more 
extensive, and no effect of the liver therapy was noted 

The atiopluc gastritis m this case did not lespond to liver therapy, 
m fact' the condition became moi e extensive 

Case 3 — Atiopluc gastutis not influenced eitJici by von theiapv o> by Uvei 
thei apy 

A 44 year old white sheet metal worker when admitted to the hospital on 
April 28, 1937, stated that for eighteen months he had experienced attacks of 
epigastric pam for periods of two weeks followed by short remissions The pain 
occurred usually two to foui hours after meals and was relie\ed by food or 
powders He had lost 18 pounds (8 2 Kg) during this time In addition, he 


7 The concentrated extract was used 
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complained of having had soreness under the light costal border associated with 
nausea for four years He had been weak and dizzy for two weeks prior to his 
admission Physical examination gave negative results except to reveal tenderness 
in the epigastrium 

Gastric analysis aftei an Ewald test meal (May 4, 1937) and two histamine 
tests, each with 0 5 mg (June 12, 1937, and July 2, 1938), revealed no free hydro- 
chloric acid The stools contained no occult blood The blood count on seven 
occasions was normal 

Roentgenogi ams revealed that the esophagus, stomach, duodenum and gall- 
bladder were normal The clinical course was uneventful The patient’s improve- 
ment began on June 12, 1937, and continued until July 10, 1938, although he did 
not receive specific substitution theiapy during this period However, he stated 
that he felt particularly well after receiving liver therapy Seven gastroscopic 
examinations were performed Between the thud and fourth observations (Aug 8 
and Sept 9, 1937) the patient received 0 8 Gm of feri ous sulfate daily Between 
the fourth and sixth examinations (Sept 22, 1937, and Jan 15, 1938) he received 
at weekly intei vals fifteen intramuscular injections, each of 1 cc of Lederle’s liver 
extract Additional liver extract was given at two week intei vals fiom Jan 28 to 
May 4, 1938 m 1 cc amounts, until a total of 6 cc was given 

On June 2, 1937, the mucosa of the antrum, the anterior wall and the lesser 
curvature of the body of the stomach presented pinkish nodes Several giay 
patches, apparently thinned mucosa, were seen below the cardia, one of these 
contained small red blood vessels An impression of diffuse chronic gastritis and 
beginning atrophy m the upper portions of the stomach was received On June 23 
the nodes had disappeared, but thin gray mucosa with visible blood vessels was 
observed m the highest portion of the stomach, which gave the impression of 
atrophic gastritis On August 11 laige aieas of thin gray mucosa with blood ves- 
sels were visible in the body of the stomach, giving an impression of progressive 
atrophic gastritis After this examination, iron therapy, as previously mentioned, 
was started On September 10 large portions of the lesser curvature and of the 
fornix piesented a tlnn smooth giay mucosa containing a net of blood vessels, which 
gave the impression of extensive atrophic gastritis with further progiession m spite 
of the non theiapy The administration of iron therefore was discontinued and 
livei therapy instituted On November 24 the atrophic gastritis was unchanged 
On Feb 18, 1938, there was extensive atrophic gastntis with visualization of thick 
blue blood vessels One small grayish yellow erosion was noted m the anterior 
wall No liver therapy was given for two months prior to the examination on 
July 29, 1938, at which time the greater cuivature of the antrum, the entire antenor 
wall and the lesser cuivature of the stomach were completely atrophic Only 
scatteied poitions of the posterior w'all still presented a normal mucosa 

In this case the piogiession of atiophic gastritis ovei a peiiocl of 
fifteen months was observed m a total of seven gastioscopic examina- 
tions It is obvious that neither lion noi livei therapy had any marked 
effect on the condition of the gastnc mucosa 

Case 4 — Ah opine gastntis not influenced by livei, ascot bic acid, nicotinic acid 
oi vitamins 

A 53 year old laborer when first seen, on June 1, 1938, stated that he had been 
markedly weak and fatigued and had lost Ins appetite after a tonsillectomy per- 
formed in February 1938 The physical examination ga\e negative results except 
to reveal the usual physical signs of bronchial asthma 
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The hemoglobin content of the blood varied from 70 to 90 per cent and the 
red cell count from 4,140,000 to 4,800,000 No occult blood was found in the 
stools Gastric analysis after an Ewald test meal on June 10 and a histamine test, 
with 0 S mg , on June 13, showed no free hydrochloric acid However, histamine 
tests, each with 06 mg, on July 27 and 29 and August 12 revealed, respectively, 
32, 38 and 30 units of free hydrochloric acid Histamine tests, with 0 6 mg , on 
September 3 and 18 again showed no free hydrochloric acid Histamine tests, with 
0 6 mg , on Oct 3 and 28, 1938, and March 8, 1939, demonstrated 20, 28 and 24 
units of free hydrochloric acid, respectively Roentgenograms were entirely normal 
On June 20, 1938, the entire gastric mucosa was swollen and nodular Two 
superficial ulcerations were visible On July 11 the nodule formation was less 
marked A section of the middle portion of the lesser curvature was depressed and 
thinned and presented two bluish blood vessels On July 25 many nodes were still 
visible Large portions of the body of the stomach were atrophic, thin and gray 
The diagnosis of rapidly progressive hyperplastic atrophic gastritis was made By 
August 1 no proliferative hyperplastic changes were visible Extensive atrophic areas 
were present in the lesser curvature, in the anterior wall and in the lower portion of 
the greater curvature The impression gained was of diffuse atrophy of inflammatory 
origin Up to this time the patient had been treated simply with a high caloric, 
bland diet After this examination he received ascorbic acid, 0 025 Gm daily from 
August 1 to August 11 and 010 Gm daily from August 11 to September 2 On 
August 10 the mucosa of the antrum looked fairly normal The atrophic changes 
of the body were unaltered One week later extensive atrophy of the gastric 
mucosa was again observed On August 31 the mucosa of the antrum and posterior 
wall appeared edematous and contained collections of adherent mucus The 
atrophic changes of the body were still present Administration of ascorbic acid 
now was discontinued From September 2 to 19 the patient received daily intra- 
muscular injections of Lederle’s liver extract m 1 cc amounts until a total of 17 cc 
was reached On September 8 extensive atrophic gastritis was seen, and it was 
unchanged by September 16 At this point liver therapy was discontinued, and 
the patient next received 0 10 Gm of nicotinic acid daily By September 26 the 
picture had changed entirely Unusually severe superficial gastritis was present 
The mucosa was edematous and diffusely reddened, and there were extensive layers 
of adherent mucus The atrophic areas were covered by this mucus, and it was 
considered that a superficial inflammation was superimposed on an atrophic mucosa 
During the week preceding this examination the patient complained of increased 
weakness, so the administration of nicotinic acid was discontinued On October 12 
examination showed that the severe superficial gastritis had disappeared and only 
atrophy of the mucosa was present On October 31 there was again extensive 
atrophic gastritis The atrophic gastritis was more marked two weeks later, and 
vitamins in the form of “ABD capsules” were given twice daily Unfortunately 
the patient was required to undergo a bilateral radical sinus operation, and for a 
time no gastroscopic examinations could be made The administration of vitamins 
was discontinued from December 9 to 13 but was then resumed On Feb 1, 1939, 
a spectacular improvement was noted The mucosa of the antrum appeared slightly 
thinner than normal, but the severe atrophic changes of the body of the stomach 
had disappeared almost completely Only a small area, in the midportion of the 
lesser curvature, presented several extremely small gray patches containing red 
blood vessels An examination on March 9 revealed recurrence of extensive 
atrophy despite the administration of vitamins in reduced doses 

This report is only pielimmary The case was of great interest, 
because we were able to witness the development and piogression of 
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seveie atiophic gastutis at legulai and fiequent gastioscopic examina- 
tions Attempts to influence the atiophic gastutis by giving the patient 
livei extiact, ascoibic acid and nicotinic acid weie m vam A spectacular 
improvement was noted dm mg theiapy with a mixtuie of vitamins In 
this period of impiovement, a ladical nasal sinus operation was per- 
f 01 med, but it seemed unlikely that the elimination of foci of infection 
could lead to the regeneiation of atiophic gastric mucosa It was 
possible that this improvement was coincidental, since the atrophy 
recuned while vitamin theiapy was continued. However, the doses of 
vitamins, prior to the last gastroscopic examination had been reduced 
to one half the ongmal amount This patient is being observed caie- 
fully, and a moie complete study will be lepoited latei 

Case 5 — Spcctaculai impiovement of atiophic gastutis following hvei therapy 
and i ecwrence after discontinuation of treatment 

A 64 year old German laborer was hospitalized on Aug 16, 1938, because of 
an old depressed skull fracture He also had experienced, for several years, severe 
colicky pain m the uppei part of the abdomen one or two hours after meals The 
pain was relieved by vomiting Treatment for ulceis at another institution had 
been ineffective The physical examination gave negative results except to disclose 
a depression of the left frontal region of the skull 

A histamine test on August 21 with 075 mg and on November 17 with 0 68 mg 
showed complete anacidity A third histamine test, on Jan 11, 1939, with 0 69 mg, 
revealed 10 units of free hydrochlonc acid after forty minutes No occult blood 
was found in the stools Five blood counts were normal Roentgenologic examina- 
tion demonstrated a very small diaphragmatic herniation of the stomach The 
esophagus, duodenum, colon and gallbladder were normal 

Six gastroscopic examinations were performed After the second, intramuscular 
injections of 2 cc of Lederle’s liver extract were given for seventeen days 
(October 12 to 29), the patient receiving a total of 12 cc A second course of liver 
theiapy was administered between the fifth and sixth gastroscopic examinations, 
the patient receiving 1 cc weekly (Jan 25 to March 8, 1939) until a total of 6 cc 
was reached 

On Aug 29, 1938, gastioscopic examination showed that the pylorus and the 
antrum were normal The mucosa of the anterior wall was thinned with a gray 
admixture There was a protrusion of the posterior wall, covered with nodes and 
gray-whitish areas, which, however, became flatter by inflation of air The mucosa 
of the posterior wall and the greater curvatui e above this protrusion was somewhat 
stiff and bumpy and presented grayish areas between the elevations In the highest 
le\el the gastric mucosa was thinned and pinkish gray and contained many blood 
vessels An impression of severe hyperplastic atrophic gastritis was gained On 
October 12 some nodes were still seen but the prominence of the posterior wall had 
disappeared Almost the entire body of the stomach was atrophic The impression 
given was of extensive atrophic gastritis On November 14 two definite gray 
spots on the anterior wall were the only remnants of the previously severe atrophic 
gastritis This showed spectacular improvement of atrophic gastritis with liver 
therapy On December 14 gastroscopic examination revealed a small area of 
atrophy above the angulus On Jan 25, 1939, the mucosa of the antrum was 
slightly atrophic The mucosa of the greater curvature and the posterior wall of 
the midportions of the stomach were so thm that blood vessels were visible There 
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were fresh hemorrhages in the atrophic mucosa of the posterior wall This showed 
that the atrophic gastritis had become worse again 

Spectacular improvement of extensive atiopluc gastutis appaiently 
followed the first course of livei theiapy, although slight aieas of 
atiophy still weie visible The ongmal picture leappeaied aftei dis- 
continuation of the liver theiapy Theie was no impiovement aftei the 
second course of such therapy, howevei, and fuithei study is lequued 
to evaluate its effectiveness in this case The case is of mtei est because 
of the appeal ance of fiee hychochlonc acid after livei theiapy, sug- 
gesting, perhaps, a true legeneiation of functionally active glandulai 
structures in the stomach, even though this improvement was tempoiaiy 

Case 6 — Atropine gastutis disappeanng aftei livei theiapy hut icappcanng 
after the discontinuation of this ticatmcnt 

This case has been reported elsewhere and is therefore summarized bnefly here 
A 49 year old white Amencan housewife had complained of rather generalized 
abdominal distress for twenty-five years She suffered from maiked fatigue and 
nervousness The physical examination gave essentially negative lesults She 
was observed from Jan 27, 1932, until June 24, 1936 

Gastric analysis after an Ewald test meal and three histamine tests, each with 
0 5 mg, revealed no free hydrochlotic acid Theie was no occult blood in the 
stools Frequent blood counts were noimal All roentgenologic examinations gave 
negative results Four gastroscopic examinations were performed After the 
second the patient received intramuscular injections of 1 cc of Lederle’s liver 
extract until a total of 25 cc was given (April 13 to Sept 12, 1936) 

Gastroscopic examination on July 12, 1935, revealed severe atiopluc gastutis 
of the body of the stomach (diffuse thinning with visible red and blue blood 
vessels) On March 24, 1936, theie was extensive atrophic hemorrhagic gastritis 
extending from the angulus to the cardia Liver therapy was instituted after this 
examination On June 15 in the nndportion of the anterior wall there were two 
pinpoint hemorrhagic areas Otherwise the gastric mucosa looked normal Liver 
therapy was continued until September 12, when the patient voluntarily discon- 
tinued it Examination on October 28 revealed patchy gray areas on the anterior 
and posterior wall, which were more extensive in the highest portions of the 
stomach The changes, however, were less pronounced than those seen at the first 
gastroscopic examination 

This was our first case of maiked atrophic gastutis in which an 
apparent improvement was obseived following liver theiapy This, it 
seemed to us, was a remarkable therapeutic result, the significance of 
which was further emphasized by the reappeal ance of the typical gastio- 
scopic signs of atrophic gastritis after the patient discontinued treatment 

Case 7 — Extensive atiopluc gastutis with maiked impiovement following livei 
therapy 

A 42 year old American saleswoman had had a diagnosis of psychoneurosis with 
secondary depression The possible relation between her emotional problems and 
the atrophic gastritis will not be considered She entered the hospital on July 11, 
1938, because of intermittent dull aching pam in the epigastrium of ten years’ dura- 
tion and sharp epigastric pain of six weeks’ duration occurring two hours after 
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meals This pain was relieved by food, usually milk, alkalis gave only temporal y 
lelief The physical examination gave negative lesults 

Three histamine tests, each with 0 6 mg, indicated complete anacidity The 
stools contained no blood Tlnee blood counts were ncimal Roentgenograms of 
the gastrointestinal tiact also weie normal Four gastroscopic examinations were 
performed Between the third and fouith the patient received, within one month 
(August 29 to September 22), 4 cc of Ledeile’s liver extiact intramuscularly in 
divided doses 

On July 14 the mucosa of the lower part of the postenoi wall looked smooth 
but mottled, circulai dark led mucosal hemorrhages weie seen in this region 
Marked changes were seen in the midpoitions of the stomach the thin giay 
smooth mucosa contained fine red blood vessels Branching blue blood vessels were 
noted m the highest portions of the lesser curvature The impression of extensive 
atrophic hemorihagic gastritis was leceived On August 5 theie were extensive 
atiopluc areas on the midportion and upper portion of the stomach Two weeks 
later scatteied patches of mucus weie present in the antium One gray atiophic 
patch was obseived in the angulus (i e, much lowei than the changes seen at the 
prewcus examination) The atrophic changes of the midpoition and upper portion 
of the stomach were unalteied Liver extract was then adnnmstei ed, as men- 
tioned previously On November 2 the picture had changed so much that it was 
hardly recognizable No atrophy and no blood vessels weie seen The number 
of highlights was perhaps still slightly increased, but the atrophic changes, if still 
piesent, were amazingly i educed since the last examination 

We have nevei befoie obseived such spontaneous impiovement of 
severe atrophic gastntis, although the senioi authoi has observed several 
cases of seveie involvement over a numbei of yeais Tlnee gastroscopic 
examinations befoie institution of liver theiapy showed no improvement 
m this case and seive theiefoie as conti ol obseivations The sudden 
disappeaiance of the atrophy following the hnef penod of liver theiapy 
suggests a specific therapeutic lesult 

Case 8' — Maiked xmfnovemcnt of atiophic gastutis follozvmg hvn theiapy 

This case is reported very briefly because the gastroscopic observations were 
exceedingly difficult owing to a lack of cooperation on the part of the patient 
A 34 year old American housewife had received various forms of treatment, 
including liver therapy, for persistent anemia, no liver therapy, however, had 
been given since 1935 Her chief complaints were epigastric tenderness and weak- 
ness The physical examination gave essentially negative results 

The hemoglobin content from Sept 11, 1933 to Feb 6, 1939, varied between 
74 and 82 per cent and the red blood cell count between 3,700,000 and 4,810,000 
A special hematologic examination showed no evidence of pernicious anemia Three 
histamine tests, with 0 3 mg and 04 mg, revealed 10 to 48 units of free hydro- 
chloric acid Roentgenologic examinations gave negative results Gastroscopic 
examinations were performed on July 30, 1938, and Feb 6, 1939 Between these 
examinations the patient received a total of 16 cc of Lederle’s liver extract intra- 
muscularly 

On July 23, 1938, gastroscopic examination revealed that the mucosa of the 
antrum was slightly gray Small grayish patches were seen m the anterior wall 
above the angulus These changes became more marked and larger toward the 
cardia, and large aieas of smooth pinkish gray mucosa with small red blood vessels 
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and a few large blue blood vessels were seen in the fornix A beanlike prominence 
(inflammatory polyp) was seen in the midportion of the lessei curvature An 
impression of extensive atrophic gastritis of almost the entire stomach was gained 
The liver therapy followed this examination On Feb 6, 1939, gastroscopic 
examination showed that the antrum was normal The atrophic changes had 
diminished markedly The mucosa was still slightly thinned in the lower portions 
of the lesser curvature and the anterior wall 

A definite impiovement of the atrophic gastritis m this case followed 
livei therapy It should be noted here that anacidity is pioved by 
histamine tests m only one third of all cases of atrophic gastritis This 
case demonstrates that free hydrochloric acid may be piesent despite 
extensive atrophy of the gastric mucosa 

Case 9 — Appaienl heahng of atiopluc gastutis following non theiapy ut a case 
of hypochromic anemia 

A 43 year old Jewish housewife was seen originally by her local physician in 
May 1938 because of marked fatigue, which in November 1938 bordered on 
exhaustion She had been treated for anemia by injections of liver extract She 
was first seen at Albert Merritt Billings Hospital on Dec 20, 1938, still com- 
plaining of marked fatigue 

An examination of the blood revealed a hemoglobin content of 35 per cent and 
a red cell count of 3,670,000 Study of a stained blood smear revealed moderate 
amsocytosis and a number of polychromatophilic cells Gastric analysis after an 
Ewald test meal and two histamine tests, with 0 61 mg on Jan 3 and 0 64 mg on 
Feb 2, 1939, indicated complete anacidity Roentgenologic studies gave normal 
results Iron therapy (0 2 Gm of ferrous sulfate five times daily) was started 
immediately after the first gastroscopic examination, on Dec 30, 1938 The patient 
improved in a short time, although she continued to feel somewhat tired The 
hemoglobin content rose to 80 per cent and the red blood cell count to 4,570,000 

Gastroscopic examination on Dec 30, 1938, revealed that the mucosa of the 
body of the stomach was markedly atrophic Large areas were seen in which the 
mucosa appeared to be thin and gray and contained large nets of blood vessels 
This gave an impression of extensive atrophic gastritis It might be mentioned at 
this point that atrophy and pallor cannot be confused gastroscopically as each 
gives its own characteristic picture The two are often observed together in per- 
nicious anemia On Feb 6, 1939, a tiny gray area containing a blood vessel was 
seen in the midportion of the stomach All the other atrophic changes seen pre- 
viously had disappeared, and the gastric mucosa appeared entirely normal There 
was spectacular, almost complete, healing of the atrophic gastritis following iron 
therapy 

Apparent healing of atiophic gastritis following non theiapy has 
been described by Chevalher and Moutier 2 and by Schiff and Good- 
man 4 This is the first case in which we have been able to make the 
same observation 

COMMENT 

In evaluating the effectiveness of specific therapeutic measuies, a 
thorough knowledge of the natural history of the disease is imperative 
The senior author has observed a sufficient number of cases of untreated 
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atrophic gastntis to warrant the statement that seveie atrophic gastritis 
does not completely disappear spontaneously This impression is con- 
firmed by the findings m case 1 and the conti ol observations in cases 
4, 5 and 6 Despite this pievious experience, we feel that by studying 
the natural evolution of the disease in many moie cases, the danger of 
attributing specific curative effects to peihaps only coincidental results, 
such as occurred m case 4, will be avoided 

It is obvious fiom this prelimmaiy repoit that m many cases atrophic 
gastritis does not respond to specific substitution tieatment In othei 
cases the improvement is tempoiary Whether or not these results 
indicate causes of atrophic gasti ltis other than a deficiency state is chiefly 
speculative On the other hand, the findings m cases 6 to 9 suggest a 
deficiency factor and, furthermoie, justify the continued use of specific 
substitution theiapy The mechanism of the action of iron and liver m 
changing the appearance of the mucosa in non deficiency anemia and 
pernicious anemia is as yet completely unknown 

SUMMARY 

The effect of substitution theiapy on the couise of atiophic gastritis, 
as witnessed by gasti oscopic examination m 8 cases, is descnbed m a 
preliminary report 

Liver therapy was ineffective in case 2, and hvei and lion therapy 
was ineffective m case 3 In case 4 the condition was unaffected by livei , 
ascorbic acid and nicotinic acid and probably by vitamins In cases 5 
to 8 the gastric mucosa became apparently noimal after liver therapy 
When this treatment was interrupted, the atiophy reappeaied m 2 
cases Iron therapy was apparently successful m case 9 

It is impossible m the present state of knowledge to say whethei 
or not the apparent regeneration of the gastric mucosa is genuine, i e , 
due to the formation of new glands Mici oscopic studies are necessaiy 
to solve this question 

The use of substitution therapy, such as the admimstiation of liver, 
iron or vitamins, is justified in the treatment of atrophic gastritis as an 
approach to clarifying the nature and pathogenesis of this condition It 
must be emphasized that control studies, prolonged observation and 
competent interpretation of findings are necessary before evaluation of 
such therapy is possible 
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The occunence of mci eased amounts of carotene m the blood of 
patients with diabetes mellitus has long been lecognized both by the 
clinical observation of xanthosis and by the lesults of laboratory tests 
As early as 1904 von Noorden and Isaac 1 commented on the yellow 
pigmentation occurnng m some patients with diabetes mellitus In 1914 
Palmer and Eckles 2 showed that carotene was present in the blood m 
the form of a cai otoalbumm, and in 1919 Hess and Myers 3 con elated 
the occurrence of increased amounts of carotene in the blood with the 
yellowish pigmentation of the skm pieviously noted by von Noorden 
In 1929 and 1930 Rabmowitch 4 noted that m patients with diabetes 
mellitus and xanthosis the diabetes appeared to be more severe and more 
difficult to control than m those without hypercarotenemia In 85 per 
cent of 500 cases of diabetes mellitus studied at that time the carotene 
values weie above normal Later Rabmowitch 5 stated that for some 
unknown reason patients with diabetes mellitus tend to retain vegetable 
pigments more than do patients without diabetes and that this accounts 
for the high incidence of hypercai otenemia among persons with diabetes 

From the Department of Internal Medicine, University of Michigan Medical 
School 

1 von Noorden, C , and Isaac, S , 1904, cited in Die Zuckerkrankheit und 
lhre Behandlung, ed 8, Berlin, Julius Springer, 1927 

2 Palmer, L S , and Eckles, C A Carotin, the Principal Natural Yellow 
Pigment of Milk Fat , Its Relations to Plant Carotin and the Carotin of the 
Body Fat, Corpus Luteum and Blood Serum I The Chemical and Physiological 
Relation of the Pigments of Milk Fat to the Carotin and Xanthophylls of Green 
Plants, J Biol Chem 17 191, 1914 

3 Hess, A J , and Myers, VC A New Clinical Picture, JAMA 
73 1743 (Dec 6) 1919 

4 Rabmowitch, I M Cholesterol Content of Blood Plasma in Diabetes 
Mellitus and Juvenile Diabetes, Arch Int Med 43 363 (March) 1929 , Carotmemia 
and Diabetes, ibid 45 586 (April) 1930 

5 Rabmowitch, I M Observations on Significance of Cholesterol Content 
of Blood Plasma in Diabetes Mellitus, Canad M A J 28 162 (Feb) 1933 
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White and Goidon, 0 using a modification of Palmer’s 7 method foi 
detei mining the amount of carotene in the blood, studied the values for 
carotene m the blood of noimal persons and of patients with diabetes 
melhtus and obseived that the normal lange was from 2 to 8 dichromate 
units In patients with diabetes melhtus the values langed fiom 5 to 
25 dichi ornate units, averaging 14 units Later studies by Stueck, 
Flaum and Ralli 8 repoited the aveiage amount to be 26 dichi ornate 
units in patients with diabetes melhtus 

Drummond, Gilding and MacWaltei 9 injected caiotene into the 
saphenous vein of cats and noted that it was lapidly absorbed by the 
leticuloendothehal system The gi eatest concentiation was m the Kupffei 
cells of the hvei A slight amount was found m the lungs and m 
the spleen 

Ralli, Biandaleone and Mandelbaum 10 m 1935 and Ralli, Pariente 
and Biandaleone 11 in 1936 gave diets with the same caiotene content 
to a group of patients with diabetes melhtus and to a gioup of normal 
persons The patients with diabetes melhtus had higher initial blood 
caiotene levels than did the normal gioup, and the content increased 
moie lapidly with the high caiotene diet and fell moie slowly when 
that diet was discontinued than in the noimal gioup This study, coupled 
with detei nunations of the caiotene content of the livers of diabetic 
patients v ho came to autopsy, led to a possible explanation of the high 
values of caiotene m the blood of patients with diabetes melhtus It 
was believed that this high value was a lesult of the inability of the liveis 
to convert carotene to vitamin A, lesultmg in an accumulation of 
caiotene m the blood stream The cholesterol content of the blood of 
conti ol persons averaged 173 mg pei hundred cubic centimeteis, and 
that of patients with diabetes melhtus, 203 mg pei hundred cubic 
centimeteis 

6 White, F D , and Gordon, E M Estimation of Serum Carotene, J Lab 
& Clin Med 17 53 (Oct ) 1931 

7 Palmer, L S Carotinoids and Related Pigments, New York, The Chemi- 
cal Catalogue Company, 1922 

8 Stueck, G H , Flaum, G , and Ralli, E P Serum Carotene in Diabetic 
Patients, with Clinical Evidence of Carotenemia as Determined by Photo-Electric 
Colorimeter, JAMA 109 343 (July 31) 1937 

9 Drummond, J C , Gilding, H P , and MacWalter, R J Fate of Carotene 
Introduced into the Circulation, J Physiol 82 75 (Aug ) 1934 

10 Ralli, E P , Brandaleone, H , and Mandelbaum, T Studies of the Effect 
of Administration of Carotene and Vitamin A in Diabetics, J Lab & Clin Med 
20 1266 (Sept) 1935 

11 Ralli, E P , Pariente, A C , Brandaleone, H, and Davidson, S Effect of 
Carotene and ATtamin A on Patients with Diabetes Melhtus Effect of Daih 
Administration of Carotene on the Blood Carotene of Normal and Diabetic Indi- 
viduals, JAMA 106 1975 (June 6) 1936 
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Heymann 12 leported similar feeding experiments with a normal 
group and with a gioup of patients with diabetes melhtus He also 
observed higher initial values of caiotene m the blood of patients with 
diabetes melhtus than in that of the noimal gioup When equivalent 
amounts of carotene weie fed to the two groups, the values for carotene 
increased more lapidly, leached higher levels and tended to remain 
elevated for a longei period of time aftei the diet was discontinued m 
the diabetic than m the noimal gioup It was felt that this was not due 
to the accompanying hypeicholesteiemia or hypeiglycemia 

Clausen 13 in 1933 found that the vitamin A content of the liver of a 
patient with diabetes melhtus studied at autopsy was low Jeghers 14 
m 1937, while studying vanous types of diseases, reported that the liver 
is the mam storage depot of vitamin A and that it legulates the con- 
centration of vitamin A throughout the body Moore 16 m 1937 observed 
that the reserves of vitamin A were above noimal m the livers of 
patients with diabetes melhtus who had come to autopsy and suggested 
that the high level tends to lule out the theoiy that the livei of the 
diabetic person is unable to conveit caiotene to vitamin A He stated 
the belief that both carotene and vitamin A accumulate m patients with 
diabetes melhtus because of a geneial slowing down of the metabolism 
of the body 

In 1938 Bessey and Wolbach 10 postulated that the caiotene content 
of the plasma is a measuie of the diffeience between the rate of absoip- 
tion from the intestines and the late of conversion into vitamin A and 
also that the rate of conveision is diminished m patients with diabetes 
melhtus and with certain diseases of the liver 

The foregoing studies have suggested seveial explanations, which 
aie somewhat at variance, foi the relation between the amount of 
carotene and that of vitamin A in the blood of patients with diabetes 
melhtus If one is to accept Ralli’s 11 explanation that the increased 
amount of carotene, is due to an inability of the livei of a patient with 
diabetes melhtus to convert caiotene to vitamin A, it would seem to 
follow that a state of vitamin A deficiency might well tend to develop m 

12 Heymann, W Carotenemia in Diabetes, JAMA 106 205Q (June 13) 
1936 

13 Clausen, S W Limits of Anti-Infective Value of Pro-Vitamin A 
(Carotene), J A M A 101 1384 (Oct 28) 1933 

14 Jeghers, H Night Blindness as Criteria of Vitamin A Deficiency Review 
of Literature with Preliminary Observations of Degree of Vitamin A Deficiency 
Among Adults in Health and Disease, Ann Int Med 10 1304 (March) 1937 

15 Moore, T Vitamin A and Carotene Vitamin A Reserve of Adult 
Liver in Health and Disease, J Biol Chem 31 155 (Jan ) 1937 

16 Bessey, O A , and Wolbach, S B Vitamin A Physiologv and Pathology, 
JAMA 110 2072 (June 18) 1938 
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such a patient m spite of an adequate intake of caiotene The pi oof 
of the occuirence of night blindness, clinical or subclimcal, or othei 
evidence of the piesence of vitamin A deficiency m a gioup of patients 
with diabetes mellitus might well tend to substantiate this suggested 
paiadox of vitamin A deficiency m the face of the high carotene content 
of the blood 

The biophotometnc determination of eaily vitamin A deficiency 
suggested a means of studying this pioblem in patients with diabetes 
mellitus Jegheis, 14 using the biophotometer m a study of diseases of 
the liver, lepoited among his conti ol gioups 1 case of diabetes mellitus 
m which the biophotometer reading was below noimal Latei Feld- 
man 1T tested a sei les of 8 patients with diabetes mellitus by means of 
the adaptometei and noted that 4 of the 8 showed evidence ot 
dysadaptation 

With all these facts m mind the following study was undei taken 

METHOD 

With d Ftobei-Fajbor biophotometer and accoi dm" to the methods outlined 
b> Jeans, Blanchard and Zentnnre 18 and by Jeghcrs, 10 a series of 20 interns 
and staft members of the University Hospital were tested bv the same observer 
undei like conditions, and the lesults were tabulated and checked Readings in 
the experiments were recorded m milh-foot-candles instead of as direct bio- 
photometer readings In each case readings were made at the following times 
(1) on entenng the dark room, (2) after a ten minute peuod in the daik, (3) 
twenty seconds after a three minute period of bleaching, (4) after three minutes 
of recovery, (5) after six minutes of recoiery and, finally, (6) aftci ten minutes 
of recovery 

All membeis of the conti ol group ate a diet which had a minimum iitannn A 
content of 4,000 U S P units per daj The average biophotometuc curve 
tor the group was determined and compared with Jegher’s 10 “low normal” curve 
1 lie cholesterol content of the blood was determined in each instance by Sackett’s 20 
modification of Bloor’s 21 method The carotene content was determined bv White 
and Goi don’s 0 modification of Palmer’s 7 method and expressed as dichromate 
units 


17 Feldman, J B The Use of the Photometer m Detecting Latent Awtamino- 
sis A m Nutrition The Newer Diagnostic Methods New York The Milbank 
Mcmoual Fund, 1938 

18 Jeans, P C , Blanchard, E and Zentnnre, Z Dirk Adaption and 
Vitamin A A New Photometric Technic, J A M A 108 451 (Feb 6) 1937 

19 Jegheis, H Degree and Prevalence of Vitamin A Deficient m Adults 
with a Note on Its Experimental Production m Human Beings, ibid 109 756 
( Sept 4) 1937 

20 Sackett, G E Modification of Bloor’s Method for the Determination of 
Cholesterol m Whole Blood or Blood Serum T Biol Chem 64 203 (Ma\ ) 1925 

21 Bloor, W R , and Knudson, A The Separate Determination of Cholestuol 
and Cholesterol Esters m Small Amounts of Blood ibid 27 107 (Oct ) 1916 
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A series of ambulatory young and early nnddle-aged patients, presenting either 
the classic history and clinical picture of diabetes melhtus or the definitely abnormal 
dextrose tolerance curves of the diabetic type, or both, were studied All these 
patients had a type of diabetes which occurs in youth or m early middle life and 
is commonly called the juvenile type of diabetes melhtus Each member of the 
group was studied in a manner similar to that employed for the control group 
In addition, each was observed clinically for evidence of cutaneous changes 
suggestive of vitamin A deficiency and questioned regarding subjectne evidence 
of night blindness 

All patients had their diabetes either controlled or in the process of being 
controlled during the study Some showed glycosuria, but none had any clinical or 
laboratory signs of acidosis All patients had ophthalmoscopic examinations by a 
competent ophthalmologist, and only those with normal fundi are reported on here 
All biophotometi ic readings were made two hours postprandially 

A group of 7 patients with diabetes melhtus with subnormal biophotometer 
readings was given a daily supplement of 8 cc of carotene in vegetable oil, 22 
containing 60,000 U S P units of vitamin A, in divided doses for periods of 
seven days Two patients in this group received the daily supplement for a 
period of fourteen days In both groups biophotometric readings and determina- 
tions of cholesterol and carotene in the blood were obtained before and after 
the periods of supplementary feeding 

Twenty patients with diabetes melhtus were given a concentrated fish liver 
oil, 2 " containing approximately 60,000 U S P units of vitamin A, as a daily 
supplement for periods ranging from three to twenty-one days Biophotometer 
readings and blood cholesterol and blood carotene values were determined before 
and after the periods of supplementary feeding, and the results were tabulated 
and charted 

In order to show that the results weie not coincidental, associated with 
“learning” or due to impro\ement in the diabetic status, the routine was varied 
in two ways (1) by feeding the vitamin A supplement before the carotene 
supplement m a portion of the cases and (2) by depriving the group oi the 
vitamin A supplement that had previously maintained normal or near normal 
biophotometer readings and then retesting them after short periods without the 
supplement 

RESULTS 

The numeucal leadings toi the control gioup shown m table 1 aie 
expiessed graphically m figuie 1 It is to be noted that the leading 
twenty seconds after the bleaching exceeded the twenty second value 
repoited by Jegheis, 19 0 74 milh-foot-candle, and the one tepoited b) 
Coilette, Youmans, Fiank and Corlette, 24 0 7 milh-foot-candle, m 10 
cases but in no instance did it exceed the low boiderhne reading of 

22 Smaco carotene in vegetable oil (1 cc contains 7,500 U S P units of 
vitamin A) 

23 Parke, Davis halner oil capsules, ‘ Natola” (1 capsule contains approxi- 
mately 9,800 U S P units of vitamin A) 

24 Corlette, M B , Youmans, J B , Frank, H , and Corlette, M G 
Photometric Studies of Visual Adaptation in Relation to Mild Vitamin A Defici- 
encv in Adults, Am J M Sc 195 54 (Jan ) 1938 
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1 milh-foot-candle given by Jeans, Blanchaid and Zentmne 18 The 
leadings after thiee, six and ten minutes of lecoveiy weie all well within 
the noimal lecoveiy range as advocated by Jegheis 14 An aveiage ot the 
twenty sets of readings was established as the aveiage noimal leading 
foi oui biophotometei under the given conditions The blood caiotene 
values for noimal peisons (table 1) lan higher than the pieviously 
repoited observations, possibly because the subjects tested had slightly 
moie than an adequate amount of caiotene m the diet The aveiage 
cholesteiol value, of 200 mg per hundied cubic centimeteis (table 1), 
agieed fauly well with what is geneially consideied the uppei 
noimal limit 

A study of table 2 leveals the fact that all the leadings taken alter 
twenty seconds of lecoveiy were lower than the lowest limit of boider- 
line noimal leadings noted by Jeans, Blanchaid and Zentmne, 18 and all 
weie much lowei than any of those foi the conti ol subjects None of 
the twenty sets of readings m the penods thiee and six minutes aftei 
bleaching equaled those of the conti ol gioup, and the values foi only 
3 of the 20 patients (1, 8 and 16) fell into the range between our noimal 
aveiage and Jegheis’ 19 low normal value (table 1) Thiee patients 
(5, 11 and 15) piesented values within noimal limits in one of the 
periods but not m both The caiotene values, as expected, weie highei 
than noimal m 90 per cent of the cases studied (table 2), avei aging 
23 dichi ornate units, m conti ast to an aveiage of 13 dichi ornate units 
for the control group Of the 2 patients having low caiotene values 
(5 and 18), 1 was markedly emaciated on admission, and the factor of 
low intake of caiotene might have played a lole m the detei nnnation 
The other patient had been on a low fat diet for a consideiable time 
befoie the expenment Cholesteiol values varied widely, fiom 154 to 
342 mg pei hundred cubic centimeters of blood, but the aveiage was 
approximately 39 mg greatei in the patients with diabetes The scatter 
giaph (fig 2) graphically poitiays the diffeience between the mdiwdual 
and the aveiage leadings for the diabetic patients and oui aveiage 
noimal leadings 

Chmcall), of 20 patients studied m table 2, 3 gave a histoiv of night 
blindness and 9 showed keiatosis pilaus, which is desciibed as one of the 
manifestations of vitamin A deficiency 1G 

A gioup of 7 patients with diabetes melhtus w as gnen ci \ stallmc 
caiotene dissolved m vegetable oil, 60,000 U S P units of vitamin A, 
daily foi seven days Table 3 shows that there was lelatuely little 
change m the readings befoie and aftei the supplement Slight improve- 
ment was noted m the leading aftei twenty seconds of recoveiy for 
patients 2, 3 and 6, but m no case did the readings appioach normal 



T '\ble 1 — Biophotometer Readings for Twenty Supposedly Normal Males, %vith the 
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Fig 1 — Fiequency distribution of determinations on normal males (table 1) 
The average normal curve is compared with Jegher’s low normal curve 


figuies The conditions m the remainder of the patients weie unchanged 
or became woise while they leceived the carotene supplement dui mg the 
se\en and foiuteen day penods Normal leadings after thiee and six 
minutes of recot eiy weie noted m 1 instance (patient 2), and slight 
unpicnement was noted m patient 3 The lemammg 5 patients showed 
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Tabic 2 — Biophotomctei Readings foi Twenty Pci sons with Jincmlc 
Diabetes (ivith Normal Fitndt), Compaicd with the Readings 
foi Nonnal Males (Table 1) 
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Fig 2 — F i equenej distribution ot determinations on persons with jmunle 
diabetes stable 2) Compare the composite cunc with the normal ciine (fur 1) 
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Table 3 — The Effect on the Bio phot ometei Readings of Feeding Pci sons zvith 
Juvenile Diabetes 8 Cc of Caiotene m Oil (Appi oximately 60,000 
U S P Units of Vitamin A ) pei Day as a 
Supplemental y Feeding 
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Fig 3 — Frequency distribution of biophotometer readings for persons with 
jmenile diabetes before and after treatment with 8 cc of carotene in oil daih 
(table 3) 
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*1 abi r 4 — Biophoiomctci Readings foi Pci sons with Juvenile Diabetes Befoic and 
Afto Feeding 12 Cc of Halibut Live) Oil Supplement (App) oximatcly 
60,000 U S P Units of Vitamin A ) pei Day 
fo t Vaiytng Numbeis of Days 
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Table 4 — Biophotometei Readings foi Pet sons with Juvenile Diabetes Befoic and 
After Feeding 12 Cc of Halibut Liver Oil Supplement ( Approximately 
60,000 U S P Units of Vitamin A) pei Day foi Vaiy- 
mg Numbers of Days — Continued 
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no significant improvement, and the aveiage foi the gioup after caiotene 
supplements weie added to the diet showed little change from that 
before the giving of the supplements An mciease m the carotene 
content of the blood was noted for 5 of the 7 patients Patient 3 had 
a high value throughout the study The general ti end of the cholesterol 
values after the addition of a cai otene supplement to the diet was slightly 
downward but not consistently so Figure 3 giaphically poi trays the 
lack of beneficial effect of feeding the carotene supplements 

Table 4 shows that of the 13 patients who received 60,000 U S P 
units of vitamin A dail) 1, m the form of fish liver oil for intervals of 
thiee to seven days, 12 showed improvement m the leading taken twenty 
seconds aftei bleaching Of these 12, 7 had normal values (0 75 milli- 
foot-candle or less) and 4 close to normal (1 to 0 75 milh-foot-candle), 
and 1 had a slightly improved value The thirteenth patient, no 10. 
showed a slightly lower reading after the carotene supplement than 
before Three and six minutes after recoveiy significant improvement 
was noted m 11 of the 13 patients, with slight improvement m the 
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INITIAL READING AfTERIOMIN 20SECArTER 3 MINUTE « MINUTE 10 MINUTE 

IN DARK ROOM DARK PERIOD 3 MIN BLEACH RECOVERY RECOVERY RECOVERY 



Fig 4 — Frequency distribution of biophotometer readings foi diabetic young 
persons before and after treatment with halibut liver oil supplement equivalent 
to 60,000 U S P units of vitamin A daily 



Fig 5— Comparison of the eftect of carotene and \itamin \ administered for 
periods of seien and fourteen da\ s 
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ARCHIVES OF INTERNAL MEDICINE 


remaining 20 In the patients that leceived vitamin A foi eight to 
twenty-one days the results weie similai to those obtained with the 
shorter period of administration 

Figuie 4 giaphically depicts the changes, including aveiage cuives 
befoie and after the fish oil supplement There was l datively little 
change in the carotene and cholesterol values during this phase of the 
expel iment That theie was no difference m the lesultant effects of 


T ^ble 5 — The Effect of Removing Vitamin A Supplement fiom Diabetic Patients 
Whose Biophotometei Readings Had Been Pieviotisly Maintained at 
Nonnal oi Slightly Subnoimal Levels by the Vitamin A Supplement 
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adnnnisteimg the supplements ovei penods of fourteen dajs lathei than 
seven days is shown graphically by figure 5 , thei e \\ as improvement 
with supplements of vitamin A but not with carotene 

The effect of removing vitamin A supplements from patients with 
diabetes melhtus whose biophotometer leadings had pi eviouslv been 
maintained at normal or nearly noimal levels by means of the supple- 
ments is shown m table 5 Aftei twenty seconds of recovei} m 9 
of the 11 cases the values became significantly abnormal after dis- 
continuance of the supplements and in the remaining 2 cases the)'’ showed 
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chops to the boideilme level Aftei llnee and six minutes of ieco\eiy 
the values m 6 of the 11 cases diopped to maikedh ahnoimal levels 
aftei discontinuance of the supplements, and the values m the remaining 
5 cases diopped to lowei but not abnoimai levels The lesult ceitaml) 
seems to show that the pieviously noted impiovement while the patients 
weie leceivmg vitamin A supplements w as due to the supplements 
themselves and not to coincidence oi “learning” factois Figure 6 
giaphicall} depicts these changes, with a\eiage cmves befoie and aftei 
the use of the supplements was discontinued No significant changes 
weie noted in the values foi cholesteiol oi caiotene 



Fig 6 — Ihc effect on biophotometei readings of remoring utannii \ supple- 
ment irom diabetic patients whose biopbotometer readings had been maintained 
at normal oi slightly subnormal lc\els b\ the supplement 


COMMENT 

In connection with the piewously mentioned obsenations the fol- 
lowing woik is of mteiest Jegheis 30 m 1937 placed noimal subjects 
ou diets containing 200 U S P units of \itamin A daily and m six 
days obtained lotvei biophotometei leadings Aftei that} -one days 
of the diet, impiovement tvas noted twenty minutes aftei the patient 
was gnen an oial dose of 80,000 U S P units of vitamin A and the 
cunes became normal aftei tin ec days of feeding 100 000 units pei 
du\ fegheis 10 also reported that patients with diseased Iners did not 
icspond to carotene, but the administration of aitamm A icsiiltcd in 
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impioved leadings Wald, Jegheis and Aimimo 25 m 1938, using the 
“adaptometei ,” noted that subjects deficient in vitamin A because of 
dietaiy lestnctions lesponded to 100,000 U S P units of vitamin A by 
mouth m thirty minutes and to a smuiai amount of carotene in thnty- 
eight minutes Smallei doses, of 17,000 U S P units of utamm A 
and 20,000 units of caiotene, gave smuiai lesults It is of mteiest to 
note that patients tieated in this way became hemeialopic two days aftei 
they discontinued taking the 100,000 unit doses of the supplement 

Although only 3 of oui 20 patients studied weie subjectively awaie 
of night blindness, the biophotometer readings weie all m a lange 
compatible with some degiee of night blindness 

SUM M \RY 

A contiol gioup of 20 subjects gave bioj>hotometei leadings com- 
paiable to the noimal values obtained by othei observeis Twenty 
patients with diabetes melhtus but with noimal fundi who were tested 
in like manner by the same obsei\ei had biophotometer leadings 
defimtel} suggestive of utamin A deficiency in spite of blood carotene 
levels consistently abote noimal Thiee of the gioup presented a history 
of night blindness, and 9 showed clinical evidence of mild vitamin A 
deficienc) b\ cutaneous changes Laige doses of caiotene for an 
adequate penod failed to impiove the biophotometer leadings significant!} 
m spite of mci easing the ahead} high blood caiotene values Com- 
paiable amounts of vitamin A given ovei similai penods produced 
significant impiovement in the biophotometer leadings Removal of the 
utamin A supplement fiom the diet of patients whose leadings weie held 
noimal oi neaily noimal by the supplement i exulted in immediate i elapse 
to subnoimal values In this lespect the patients reacted similarly to 
those studied by Wald, Jeghers and Arminio 25 then conditions relapsing 
piomjitl} attei the discontinuance of the laige doses of vitamin A 
The values toi caiotene m 90 pei cent of the patients with diabetes 
melhtus studied were aboie noimal No definite coi relation was noted 
between the blood cholesteiol values and the changes induced dunng 
the couise of the expenment 

CONCLUSIONS 

A gioup of 20 patients with jmenile diabetes melhtus were studied, 
and all were found to have pool light adaptation by the Frober-Faybor 
biophotometei Three of the gioup weie subjectively aware of night 
blindness, and 9 showed cutaneous changes compatible with vitamin A 
cleficienc} 


25 "Wald, G H , Jeghers, H, and Arminio, T Expenment in Human Dietan 
Night Blindness, Am J Phisiol 123 73 2 (Sept) 1938 
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The daily admmistiation of 60,000 U S P units of vitamin A, in 
the foim of cijstalhne caiotene dissolved in \egetable oil, foi as long as 
fouiteen days did not affect the light adaptation of the patients with 
diabetes melhtus 

The daily admmistiation of 60,000 U S P units of \itamm A to 
patients with diabetes melhtus, in the form of concentrated fish h\ei oils, 
caused then light adaptation to letum to noimal oi neaih noimal in 
penods ranging fiom three to twenty-one days 

The cause of pool light adaptation m patients with jmemle diabetes 
melhtus appeals to be an inability to conveit caiotene to wtamin A 



SYNDROME OF PSEUDOBULBAR PALSY 

AN ANATOMIC AND PHYSIOLOGIC ANALYSIS 
ORTHELLO R LANGWORTHY, MD 

AND 

FREDERICK H HESSER, MD 

BALTIMORE 

Pseudobulbai palsy is a syndrome about which little is known m 
spite of the fact that it not uncommonly follows ceiebral vascular acci- 
dents and other foims of neurologic disease It is our purpose, theie- 
foie, to piesent an anatomic and physiologic analysis of this condition 

Magnus 1 first reported a case in w Inch there wei e features character- 
istic of pseudobulbar palsy following multiple apoplectic attacks, he 
discussed the postmoitem observations Jolly 2 descnbed a patient with 
multiple scleiosis and “progiessive bulbai paralysis” whose bulbar nuclei 
weie noimal at autopsy, Bailow 3 emphasized the 1 elation of bilateial 
coitical lesions to the syndrome Ross 4 reviewed cases from an ana- 
tomic-functional point of view, and Oppenheim and Siemei ling 5 differ- 
entiated pseudobulbai fiom tiue bulbai palsy Huntei and Robeitson 0 
and Oettmgei T leported typical cases 

GENERAL CONSIDERATIONS 

The designation “pseudobulbar palsy” is a nnsnomei The teim 
supianucleai bulbar paialysis would be more accurate This term 
indicates the geneial position of the lesion and makes clear the distinction 

From the subdepai tment of Neurology, Johns Hopkins University, and the 
Medical Dnision of the Baltimore City Hospitals 

1 Magnus, A Fall von Aufhebung des Willensemflusses auf eimge Hirn- 
nerven, Aich f Anat , Physiol u wissensch Med, 1837, p 258 

2 Jolly , F Klimsche Mittheilungen uber eimge m Folge des Feldzugs von 
1870-1871 entstandene Psycliosen, Arch f Psychiat 3 442, 1872 

3 Barlow, T On a Case of Double Hemiplegia, with Cerebral Symmetrical 
Lesions, But M J 2 103, 1877 

4 Ross, J Labio-Glosso-Pharyngeal Paralysis of Cerebral Ongin, Brain 
5 145, 1882 

5 Oppenheim, H , and Siemerhng, E Die acute Bulbarparalyse und die 
Pseudobulbarparalyse, Berl klm Wchnschr 23 791, 1886, abstracted, Charite-Ann 
12 331, 1887 

6 Hunter, W K , apd Robertson, M E A Case of Pseudobulbai Pai alysis, 
Rev Neurol & Psychiat 10 101, 1912 

7 Oettinger, B A Case of Pseudobulbar Paralysis, Presenting Facial Spastic 
Mo\ ements Simulating Laughter, M Rec 84 737, 1913 
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between nucleai and cential types of paialysis Howevei, the teim 
pseudobulbar palsy is fiimly entienched in the liteiatuie 

Pseudobulbai palsy must be consideied in 1 elation to othei causes 
of weakness of the bulbar muscles These muscles may be paralyzed 
owing to disease involving the muscles themselves, their connections 
with the motoi nuclei of the bram stem 01 their supranucleai control 
by the higher centeis Thus, myasthenia gravis appears to be pumanly a 
disease of muscle Progiessive musculai atiophy and syphilitic basilar 
meningitis attack the lower motor neurons, causing secondary degen- 
eiation of the muscles and tiue bulbai palsy Finally, bilateial injury of 
pathways fiom the cerebial motor coitex controlling the bulbar nuclei 
gives use to the syndrome of pseudobulbar palsy 

It is evident that various factors may give rise to the lesions Moie- 
ovei, the corticobulbai fibeis may be attacked at diffeient points along 
their course The anatomic changes, which must be bilateral, may occui 
in the ceiebial motor coitices, the internal capsules, the cerebial pedun- 
cles or the pons 

The caidmal clinical featuies on which the diagnosis is based aie 
giouped under difficulties of speech, difficulties of mastication and 
difficulties of deglutition, without signs of mjuiy of the bulbar nuclei 
Lev}- S * * 8 noticed that thei e is frequently intellectual enfeeblement Loss 
of emotional control, manifested as foiced laughing 01 ciymg, appeals 
in typical cases, but the face m lepose show's poveity of expiession, 
sadness being the piedommating note Saliva may drip fiom the mouth , 
the jaw jeik is hyperactive The patients eat slowdy, owing to difficulties 
in mastication The symptoms may come on suddenly or giadually, 
the late of onset influences the clinical pictuie 

The corticospinal as well as the coi ticobulbai fibeis aie usually dam- 
aged, accoidmg to Tilney and Momson, 9 and quadnplegia lesults 
Less often the extremities aie affected umlateially 01 m sequence In 
ceitam cases the arms and legs aie used fauly well, but even m such 
cases theie aie difficulties of cooidmation m the limbs and the patients 
walk with shoit steps 

UNILATERAL INJURY OT CORTICOBULBAR TIBERS 

Umlateial intei luption of the coi ticobulbai tiact is usually associated 
with damage to the wfliole gioup of effeient fibeis from the motor coitex 
Loss of function m the bulbar muscles is slight and tends to be tiansient, 

S Lev\ , S Les troubles de la parole au cours des etats pseudobulbaires, 

Re\ neuiol 2 289, 1930 

9 Tilnev, F , and Mori ison T F Pseuedobulbar Palsy Chmcalh and Patho- 

logically Consideied, with the Clinical Report of Fne Cases, T Ner\ & Ment Dis 

39 505 1912 ~ 
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since the nuclei of the cianial nenes aie placed undei the influence of 
both motoi coitices by commissuial neurons 

Immediately after a ceiebial vascular accident the eyes may be turned 
toward the sound side of the body so that it is impossible for the patient 
to look voluntarily towaid the paralyzed side Howevei, if the gaze is 
fixed on an object and the head rotated passively, the eyes may be 
brought to the hemiplegic side This deviation is demonstiable only for a 
few days, theieafter the eyes move well in all directions Foi the same 
period the pupil is often laigei on the paralyzed side 

Mastication is little impaired by unilateial injury of the coi ticobulbai 
fibeis On palpation of the contracting muscles a few days aftei the 
vascular accident some weakness may be noticed When the patient opens 
the mouth widely there may be deviation of the jaw to the paralyzed 
side due to loss of strength m the pteiygoid muscles on that side 
In hemiplegia the facial muscles show consideiable paialysis Foi 
the first few days after the onset these muscles often manifest a com- 
plete loss of tone and stiength It is impossible to close the eye tightly 
and no lesistance is offeied to passive raising of the upper lid The 
cheek blows in and out with lespnation The facial folds aie smoothed 
on the paialyzed side Later there is considerable letuin of function 
paiticulaily in the uppei part of the face, as the muscles of this region 
appeal to receive a greatei degiee of bilateial coitical mneivation 
Although tone is deci eased in the facial muscles after the development 
of hemiplegia, it later returns and may be increased m the paretic 
muscles, so that the facial folds may be deepei than on the noimal side 
The emotional responses of the facial muscles are integiated at a 
subcoitical level, the exact centeis and pathways are not yet known 
Patients with loss of voluntaiy facial movement may 7 respond to emo- 
tional stimuli on the paralyzed side even more markedly 7 than on the 
normal 

The pharymgeal and larymgeal muscles show little loss of voluntary 
function m the presence of unilateial damage to the coi ticobulbai fibers 
Dm mg the pei lod of shock the voice may be weak and husky , latei it 
is noi mal The soft palate may 7 move moi e strongly on the noi mal side, 
and as a lesult the uvula may be pulled to that side 

There is peimanent weakness of the tongue m some hemiplegic 
patients When this is present, the tongue deviates toward the paretic 
side 

BILATERAL INJURY OF THE CORTICOBULBAR FIBERS 

As an example, one may 7 considei a patient with cerebial \asculai 
disease in whom hemiplegia developed first on one side and then on the 
othei He is examined after the period of shock has passed 
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The pupils may or may not be equal m size, they aie often small 
Movements of the eyes are possible m all duections but aie of limited 
lange There is difficulty in looking upward or m bringing the e>es far 
to the side Usually accommodation is lost The muscles of mastication 
contract weakly The jaw jeik is hyperactive The bilateial facial 
palsy is usually more marked m the lower portion , it is often possible to 
wrinkle the forehead slightly and to close the eyes 

Weakness of the pharynx and larynx gives rise to difficulties in 
swallowing and speaking If the pseudobulbar palsy develops sud- 
denly after a vascular occlusion, the difficulties of deglutition aie par- 
ticulaily maiked In many instances the patient has to be tube fed foi 
days When the shock decreases, some powei of deglutition i etui ns 
In case the pseudobulbar palsy develops gradually, the patient escapes 
complete loss of the power to swallow Even so, he tends to choke 
easily It is difficult to expel mucus fiom the pharynx, saliva tends to 
i un from the corners of the mouth Observation of the soft palate 01 the 
vocal cords reveals weakness of voluntary movement Speech is often 
incomprehensible The tongue can be protruded only a short distance 

broadbent’s hypothesis 

Bioadbent 10 developed a hypothesis to explain the varying degiee 
of paialysis of the muscles on the hemiplegic side He noticed that all 
of the facial muscles show some degree of paralysis but that function is 
never entirely lost There is slight paiesis of the muscles of the foie- 
head For the first few days the orbicularis oculi muscle is ob\ lously 
weak The eye on the hemiplegic side cannot be closed independently, 
and voluntaiv conti action is less forceful on this side In the penoial 
legion the paialysis is most marked The orbicularis oris muscle is 
less affected than are the stiaight muscles inserted m the lips and m 
the angles of the mouth Perfect closure of the mouth is still possible 

Similarly, the masticatory, lingual and abdominal muscles show 
incomplete paialysis The muscles with the mildest degree of weakness 
aie those of the e\e, neck, back and chest The muscles with greatest 
loss of function aie those the usual action of which is independent of 
the conespondmg muscles on the opposite side of the body The least 
paretic muscles aie those which act only m unison with the contralatei al 
gioup In the case of symmetrically acting musculatuie it seems that 
the actuating neuions have complete commissural connections wheieby 

10 Broadbent, W H An Attempt to Remoie the Difficulties Attending the 
Application of Di Cai penter’s Theon of the Function of the Sensori-Motor Ganglia 
to the Common Form of Hemiplegia, Brit & For Med -Chir Re\ 37 468 1866, 
A Lecture on the Theon of Construction of the Nenous Swtem, Brit M T 1 A71 
401 and 4n 1876 
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the cooi dmation of bilateral muscular function is facilitated This com- 
bination of neurons leceives fibers from both motor cortices It is 
usually activated by both coitices but is capable of excitation by either 
singly Bilateial musculai response is more or less complete depending 
on whethei the commissuial connection is moie 01 less peifect 

Obseivation of patients with almost complete destruction of both 
coi ticobulbar tiacts shows that an astonishing amount of movement 
often is possible in the eyes, neck and trunk This leads to considera- 
tion whether there is not a gieatei subcortical conti ol of movement 
than is now suspected The conti ol of motor functions b}' the cerebral 
coitex becomes piedommant only m the highei apes and in man Other 
mammals show mild degiees of paialysis after removal of the motor 
coitices Ceitamly essential activities, such as lespuation, maintain 
efficient function without mediation of the highei centeis 

EXPERIMENTAL PRODUCTION IN CATS Or A CONDITION 
RESEMBLING PSEUDOBULBAR PALSY 

It is impoitant to demolish ate that the difficulties of speech and 
su allowing, together with the loss of emotional conti ol, lesult from 
bilateral damage to the corticobulbar tracts This fact is not univei sally 
accepted In cats a condition, which we consider similai to pseudo- 
hulbai palsy, has been pioduced by bilateral removal of the motoi and 
piemotoi cerebial cortex (Langworthy and Kolb 11 ) It was found 
that electncal stimulation of the most lateial portion of the anterior 
ciuciate gyrus gave use to lhythmic chewing and lapping movements 
When this aiea was removed on both sides, the cats showed abnoimal- 
ities of feeding and emotional disturbances 

The animals at first made no effort to eat spontaneously If a piece 
of meat was placed in the mouth and the jaw held closed, chewing 
movements began The meat would eventually be swallowed if it was 
pushed fai back in the phaiynx After three 01 foui days the animals 
began to eat without assistance They would snatch at food gieedily 
until the whole mouth was filled and then sw'allow without chewung 
Eating initiated emotional leactions manifested usually by loud puinng 
but sometimes by growling 

The difficulties of drinking weie more maiked than those of eating 
and peisisted foi a longer time On the fiist da}' after the opeiation it 
w as customary to feed the cats from a spoon Once the milk was intro- 
duced into the mouth, swallow- mg occuried Lapping moA'ements of the 
tongue often developed, these showed perseveiation and usually con- 
tinued when feeding was stopped After two 01 tluee days the cats 

11 Langw 01 tin , O R, and Kolb L C The Expenmenta] Production jn the 
Cat of a Condition Simulating Pseudobulbar Palsy, Am T Phvsiol 111 57, 1935 
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would make unsuccessful attempts to dunk fiom a dish They insisted 
on putting their paws into the fluid Some opened and closed the mouth 
and attempted to drink without using the tongue Lapping became 
leestablished only after ten days to two weeks, and even then coordina- 
tion of lapping, swallowing and breathing was abnormal Often the 
cats would bite on the glass rim or continue the lapping movements 
away from the milk or outside the dish At times they would stand 
1 lgid m one position and stare fixedly into space for considerable periods 
This appeared to be a cataleptic phenomenon 

PHYSIOLOGIC ANALYSIS OF THE SYMPTOMS OF PSEUDOBULBAR PALSY 

The abnoimalities associated with pseudobulbar palsy may be classi- 
fied undei the headings of shock, loss of function and release of function 
The difficulties m swallowing aie certainly more marked immediately 
after the apoplectic onset of the syndrome, peisist for the first few days 
and then slowly ameliorate, this is a manifestation of shock Theie are 
always some difficulty of deglutition and pooi coordination of swallow- 
ing with bieatlimg This signifies a loss of function The abnormal 
emotional lesponses may be taken as an example of lelease of function 

1 Szvalloiving — Swallowing is coordinated largely at a reflex level 
m cases of pseudobulbar palsy Beevor 12 described the case of a man 
who was unable to open his mouth voluntarily to admit food A phy- 
sician sat at the foot of the bed and went thiough the motions of yawn- 
ing, initiating a leflex of similar activity m the patient When the 
latlei’s mouth was open, the nuise inserted food 

Because of the w eakness of the pharyngeal muscles, the patients have 
difficult v m expelling the mucus which tends to collect m the tin oat 
The cooi dination between bieatlimg and swallowing is pooi, so that 
food may entei the bronchi and cause bi onchopneumoma Since the 
patients do not swallow leadily, saliva accumulates and dnps fiom the 
mouth 

2 Speech — Dui mg the penod of shock speaking is impossible Later 
the speech distuibances aie of many types Phonation is always poor 
because of weakness of the aiticulatmg muscles due to loss of function 
The mechanism of lelease may sometimes be obseived as mci eased tone 
in the laiyngeal muscles and may manifest itself as a lack of flexibility 
m sound pioduction With a slow onset of pseudobulbai pals>, such as 
is seen m multiple scleiosis, speech is moie severely afiected than is 
swallowing Secondaiy involvement of other pathways m the nervous 
system tends to modify the speech distuibances If the syndrome is 
pioduced b) pontile lesions, the cerebellar pathways as well as the coi- 
ticobulbar tiacts aie mjuied, and a ceiebellar type of dysarthna lesults 

12 Bee\or, C E A Case of Pseudobulbar Paralysis with Complete Loss of 
Voluntaiv Respiration, Aib a d neurol Inst a d Wien Uim 15 337 1907 
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Levy s pointed out that theie is abnoimahty both in the lhythm and 
in the timbre of speech Dissociation between voluntary and automatic 
speech is manifested as a type of repetition termed palilalia Loss of 
the normal chant or melody of language makes the patients speak in 
shoit intei jections which aie more or less indistinct, monotonous and 
explosive Speech is pitched in an unusual and difficult registei , the 
patients use short words and speak with abnonnal rapidity Theie is a 
tendency to precede any initial vowel with an aspirate Difficulty is 
found m pronouncing labial and labiodental sounds The voice fre- 
quently has a nasal quality When these troubles reach their maximum 
anaithna occurs 

Patients with pseudobulbar palsy sometimes show a loss of tone in the 
palate and absence of the palatal reflexes Often one or both vocal 
coids are fixed in partial adduction The movements of the diaphiagm 
aie irregulai, jeiky contractions being superimposed on the normal 
rhythm There is a tendency toward equality of the inspiratory and the 
expnatoiy phase The disturbances m phonation are to be explained 
in pait on the basis of these lespiratory factors In summary, it may 
be said that patients show vaiymg abnoimahties in speech, depending 
on the amount of strength of voluntaiy conti ol lost and the condition 
of inci eased or decreased tone piesent in the muscles of speech Aftei 
the pei iod of shock has ended, increased tone may appear in the laryngeal 
and thoracic musculature and may influence articulation even further 

3 Respv ation — Jackson 13 in 1895 observed that Cheyne-Stokes 
lespiration is observed frequently in patients with bilateial injury of the 
coi ticobulbai tiacts He stated the belief that the respiratory center in 
the medulla is released from cortical control and oveiacts to normal 
blood-boine chemical stimuli in a rhythmic manner Other observers 
(Bucy and Case 14 ) demonstrated the cortical control of respiratory 
activity in the dog and in man by delimiting cortical areas where stimu- 
lation caused maiked deceleration oi arrest of respiration 

We have studied and recorded rhythnncity of respiratory excursions 
m pseudobulbar palsy (Grimmer, Hesser and Langwoithy 15 ) A typical 
recoid is shown m figuie 1 Simultaneous pneumograph tracings were 
taken irom each side of the chest, time is lecoided m five second 
intervals The upstioke indicates inspiration Drugs, such as coramme 

13 Jackson, J H Superior and Subordinate Centers of the Lowest Level, 
Lancet 1 476, 1895 

14 Bucj, P C, and Case, T J Cortical Innervation of Respiratory Move- 
ments, T Nerv & Ment Dis 84 156, 1936 

15 Glimmer, R V, Hessei, F H, and langworthy, O R Rhythmic 
Variation of Respiratory Excursion with Bilateral Injury of Cortical Efferent 
Fibers Arch Neurol &. Ps\chiat 42 862 (Noi ) 1939 
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(a 25 pei cent solution of pyudme betacai borne acid diethylamide) or 
ammophylhne (theophylline with ethylene diamine U S P ), as well 
as the admimstiation of oxygen or carbon dioxide, tended to abolish 
the penodicity m these cases 

4 Emotional Release — The explanations for emotional lelease giv- 
ing use to forced laughing and crying have never been satisfactory, 
the most logical discussion has been presented by Wilson 10 Pathologic 
laughing and crying refer to the manifestation of mvoluntaiy and me- 
sistible emotional outbuists as a consequence of cerebial lesions 

The stimuli which arouse the exaggerated, forced, involuntary and 
uncontrollable laughing or weeping aie often inadequate as well as 



Fig 1 — Bilateral pneumogi aphic tracings ol pei iodic bieathing in a ease of 
pseudobulbar palsv (Dr R V Grimmer provided these tiacmgs and those in 
figure 3 1 

mappropiiate In not a few cases the emotional exhibition, though 
elicited by tiiflmg but appropnate impulses, is excessive and out of 
piopoition to the impiessions originating it In others, a stimulus of a 
pat ticulai quality is followed by an emotional outburst of a conti a- 
dictory soit The visible emotion need not correspond to the patient’s 
i eal feelings at the time 

In some instances the emotional response is invariable, whatever 
the stimulus Some of the suffei ers do nothing but laugh , others can 

16 Wilson, S A K Pathological Laughing and Cr\ing, 1 Neurol S. 
Psychopath 4 299, 1924, Modern Problems m Neurolog\. New York William 
Wood S: Compam, 1929, chap 12 
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only weep A geneiahzation suggests that patients having multiple 
scleiosis with pseudobulbar palsy manifest cheerfulness, whereas in 
ai tei losclerotic patients sadness seems to predominate 

At the same time, the emotional display is a genuine show of feeling 
which no one can doubt It diffeis from normal emotional reactions m 
its inevitability, frequency and unconti ollable character, m the occa- 
sionally contradictory relation of cause and effect and in the extieme 
facility with which it is induced, m expression and accompaniments 
it is identical Photographs of 3 patients laughing and ciying are pie- 
sented (fig 2) The first patient (figs 2 A and 2 B) had penods of 
laughing and crying, the second (figs 2 C and 2D) only laughed The 
third patient (figs 2 E and 2 F) cued spontaneously or at the slightest 
verbal stimulus 

In laughter theie is paiticipation of the facial and lespnatory muscu- 
latuies as well as of other bodily mechanisms The automatic rhythm 
of respiration is interrupted by prolonged inspirations followed by shoit 
and broken expirations Coupled with these lespnatory movements aie 
laughtei sounds of laryngeal ongm and of varying character and pitch 
If laughter is overwhelming, other muscles besides those of the face 
and respiratoiy apparatus aie implicated, in fact, theie may be much 
concomitant movement of the trunk and extiennties 

Crying may utilize eithei the mspnatory or the expiratoiy phase 
of the cycle Theie is a maiked vasoconsti ictor effect which explains 
the pallor, sunken features and sensations of cold and lassitude Study 
of facial and respiratoiy movements is the basis for an analysis of the 
mechanism of response Howevei, some of the patients change lapidly 
from laughing to crying, and it is somewhat difficult on obseivation to 
be sure what emotion they aie expiessmg In figure 3 simultaneous 
spirographic and pneumogi aphic tracings taken during one outbuist of 
forced crying are piesented Inspnation is recorded as a downstroke 
in the spirograph which oscillates with movements of the an column 
At the same time an upstroke occuis m the pneumograph, repiesentmg 
epigastric movement Time is recorded m seconds It will be noticed 
that crying began a little before the point A, halfway thiough a quiet 
expnation Rapid, spasmodic, rhythmic but lriegular conti actions of the 
expiratory musculature followed for seventeen seconds According to 
the spirograph, a few of the early contractions forced air past the closing 
glottis and caused audible sobbing to the point A , thereafter the glottis 
closed and weeping was silent An appaient mheient ti emulousness is 
piesent m the pneumogi aph tracing during quiet breathing and may 
lepiesent peisistent “undercurrent” sobbing respiration These move- 
ments aie too rapid to be transmitted aortic impulses 
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The facial muscles have thiee distinct types of action leflex (as 
respiratoiy muscles), emotional (as muscles of expression) and \ olun- 
taiy (as muscles subject to ceiebral conti ol) The ease with which the 
ieflex and emotional control over the facial musculature creeps thiough 
or escapes from voluntary lepiession is frequently conspicuous m noimal 
pei sons The point at which this occuis retains a tlneshold ralue foi 



Fig 2 — A, patient with hypertensne and syphilitic vascular disease, bilatual 
ceiebral tlnomboses, double hemiparesis and pseudobulbar palsy Note the atonic 
face, with predominant sadness B, same patient, exhibiting pathologic laughing 

C, anothei patient with hypertensive and sj-philitic vascular disease, bilateial cerebial 
thromboses, double hemiparesis and pseudobulbar palsy, showing the tendency to 
a spastic facies with deepened nasolabial furiows and predominant cheerfulness 

D, same patient, exhibiting forced laughing E , patient with hjpertensne vascular 
disease, multiple cerebial thromboses, double hemiparesis and pseudobulbai pals}, 
also manifesting a spastic facies but showing predominant sadness F, same patient, 
showing foiced ciwng 
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each patient, balancing the strength and type of the undeil} ing emo- 
tional 01 leflex stimulus against a labile volitional force that is subject 
to fluctuations of attention as well as to various physiologic and anatomic 
changes 

Nothnagel 17 postulated the existence of an emotional leflex pathway 
distinct from the corticobulbar fibers He stated the opinion that the 
optic thalamus foims the origin of the efferent tract No anatomic 
evidence for this theory has been found 

Bussaud 18 assumed that the integrity of the thalamus is essential 
foi the appearance of spasmodic laughing and crying He stated the 
belief that thalamic activity is ordinarily held m check by a fionto- 
thalamic tiact running m the anterior limb of the internal capsule 



Fig 3 — Simultaneous spirograpluc and pneumogiapluc tracings made during 
one outburst of forced cijing 

Wilson, 16 m 1929, based his theory of mimetic ovei reaction on the 
paiticipation of both the facial and the respiratory mechanism Bell 10 
called the seventh nerve “the facial nerve of respiration,” and paralysis 
of the lower part of the face was described by him as “paralysis of the 
lespiratoiy functions of the facial” One may speak, therefoie, of the 
faciorespiratoiy mechanism The automatic activity of this mechanism is 
set aside voluntarily when one deliberately holds the breath or takes 
deep breaths and more oi less voluntarily when one pants, coughs, 

17 Nothnagel, H Topische Diagnostik der Gehirnkrankheiten, Berlin, A 
Hirschwald, 1879 

18 Brissaud, E Leqons sur les maladies nerveuses, edited by H Meige, Paris, 
G Masson, 1895 

19 Bell, C The Nervous System of the Human Body, ed 3, London, H 
Renshaw, 1844 
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yawns 01 sighs Its activity is set aside mvoluntai lly when one is 
convulsed with laughtei or gives way to ciymg One obtains, therefoie, 
a glimpse of a tuple control over faciorespiratory movements 

The paths of voluntary impulses to facial and respiratory muscles ai e 
undoubtedly the coi ticobulbar and corticospinal tracts In particulai, 
the fibeis fiom the operculum and the lowei end of the piecential gyrus 
running in the genu of the internal capsule, convey the impulses to the 
bulbai nuclei Lloyd’s case, to be described later, beais out this concept 
Injury of the corticobulbar fibers impairs volitional conti ol over the 
muscles concerned m emotion, with the result that the mvoluntai y action 
of the same muscles tends to be overactive The moie seveie the 
volitional faciorespiratoiy paralysis, the more exaggeiated is the loss of 
emotional control Emotional activity is often distinctly mci eased on 
the paretic side m patients with hemiplegia 

There is little evidence for the exact localization of the facioiespua- 
tory involuntary conti ol Biown 20 found a small area in the mes- 
encephalon of the chimpanzee, between the internal bordei of the led 
nucleus and the midlme, which on stimulation gave responses similar 
to laughing Likewise, the expenmental woik of Bard 21 on sham rage 
m cats, as well as that of Lilienthal and Otenasek 22 on polypnea in 
decoiticate animals, demonstrates the lelease of diencephalic mechanisms 
conti oiling the emotional and reflex l espouses of the faciorespnatoiy 
muscles 

5 Jcnv Jerk — An unusually active jaw jerk is an nnpoitant sign of 
bilateial injury to the corticobulbar fibers This reflex, like all othei 
deep reflexes, becomes exaggerated when released from cei ebral conti ol 

6 Allied Phenomena — Mental deterioration of vaiymg degiees and 
types is fiequently seen, especially m old aitenoscleiotic peisons with 
progressive diffuse coitical softening Ceitam patients have cataleptic 
penods, dui mg which they lemam peifectly quiet with the eyes fixed 
The sucking leflex is often demonstiable Other patients may exhibit 
tome pei severation, forced giaspmg and groping, recently shown to 
depend pnmaiily on lesions of the premotor coitex Figure 4 shows 
a patient with pseudobulbar palsy m whom foiced grasping as w r ell as 
the sucking leflex w r as demonstrable Some patients have an unusually 
lai ge appetite and eat ravenously 

20 Brown, T G Note on the Physiology of the Basal Ganglia and Mid-Bram 
of the Anthropoid Ape, Especially in Reference to the Act of Laughter, J Pin moI 
49 195, 1915 

21 Bard, P On Emotional Expression After Decortication with Some 
Remarks on Ceitam Theoretical Views, Plnsiol Rev 41 309, 1934 

22 Lilienthal, J D , and Otenasek, F J Decorticate Polyneic Panting m 
the Cat, Bull Johns Hopkins Hosp 61 101, 1937 
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VARIATIONS IN THE SYNDROME AS RELATED TO THE 
LOCATION OF THE CEREBRAL INJURY 

The three chief symptoms of the syndrome, difficulties of speech, 
difficulties of swallowing and emotional instability, may be developed in 
vaiymg degiees in individual patients and at diffeient stages of the 



Fig 4 — A, patient with multiple cerebral thromboses, right hemiplegia, left 
hemiparesis and pseudobulbar palsy, demonstrating l’oiced grasping B and C, 
same patient, showing the sucking reflex 


disease Other associated abnoimalities aie dependent on injury of 
othei pathways in the biam These modify the primal y abnormalities 
and often serve to localize more accurately the disease process 

S) mmetric aieas of softening of the motoi cortex in the lowei poition 
of the piefrontal area and the opeiculum destioy the ceiebial conti ol 
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of the bulbar muscles This type of lesion may result fiom embolism 01 
thiombus foimation In cases of cortical softening the corticobulbar 
fibers may be damaged selectively, leaving the corticospinal pathw a) 
piactically or wholly uninjured 

Alajouamne and Thuiel 23 descnbed the clinical picture of pseudo- 
bulbai palsy pioduced by bilateral lesions of the cerebral motoi coitex 
The paralysis is limited to the masticatoiy muscles and those of the face, 
larynx, phaiynx and tongue, theie aie weakness and lestnction of oculai 
movements Involvement of the extremities is slight and tiansient 
Atoma is usually piesent, which explains why laughing and ciymg 
lack then usual spasmodic charactei 

The lesions responsible foi pseudobulbar palsy occui peihaps most 
fiequently m the internal capsules A case reported by Lloyd 21 was 
unique in that there were bilateral vascular leisons confined to the 
genu of each internal capsule and adjacent lenticular nucleus ci eating 
typical pseudobulbar palsy without manifest involvement of the cortico- 
spinal tracts Often there are diffuse small areas of encephalomalacia 
dependent on ai teriosclei osis These softenings are found also m the 
basal ganglions and may give use at the same time to the parkinsonian 
syndrome Thus diffuse ngidity may foim a background for the pseudo- 
bulbar palsy The face may show the immobility associated with the 
parkinsonian syndrome as well as the chai acteristic features of pseudo- 
bulbai palsy It must be 1 call zed, of course, that paikmsoman ngidity 
m itself gives use to difficulties of speaking and swallowing The tremoi 
may be evident m speech 

Pontile lesions may be lesponsible for the syndrome Injuiy of ceie- 
bellai pathways as well as of the corticobulbar tracts may be found The 
incoordination of speech and breathing is suggestive of that associated 
with isolated damage to the cerebellum 

The shaip diftei entiation of these vanous secondary manifestations 
f 10111 the pi unary symptoms of pseudobulbai palsy is seldom made We 
maintain that the chaiactenstic findings of difficulty in speech and 
swallowing combined with emotional instability aie always dependent 
on bilateial mjuiy of the corticobulbai fibers 

DISEASE PROCESSES WHICH OFTEN PRODUCE THE SYNDROME 

OF PSEUDOBULBAR PALSY 

In the majonty of cases pseudobulbar palsy results fiom cerebial 
vasculai lesions Aitenosclerosis or syphilitic vasculai disease with 
tlnombotic softenings may be demonstiated in the brain in main cases 

23 Alajouamne, T, and Thurel, R La diplegie faciale cerebiale, foime 
coiticale de la paialysie pseudobulbaire, Re\ neurol 2 441, 1933 

24 Llo\d, T H Pseudobulbai Pals\, Internat Clin 4 210 1908 
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Thiombosis of the median gioup of fine pontile and veitebral artenes 
tends to produce the syndiome In ceitain cases of ceiebral vascular 
disease, especially the more acutely developing conditions, the typical 
features of pseudobulbar pals} may be stiongly marked for a time and 
may then 1 egress There is a small gioup of cases in which the syn- 
diome is caused by tumois 01 by infectious piocesses 

Patients with multiple scleiosis may have pseudobulbai palsy, pai- 
ticulaily m the latei stages of the disease, moie often only a poition of 
the syndrome is present Emotional instability is extremely common 
Distui bailees of speech and sometimes difficulties m swallowing occui 
Bilateral involvement of the corticoeffei ent fibers is most commonly due 
to plaques m the pons, so that difficulties of speech and swallowing in 
these cases may be modified by the mcooi dination commonly associated 
with mjuiy of the cerebellum 

Ceitain familial diseases may pioduce the syndrome of pseudobulbai 
palsy In Fnedreich’s ataxia theie is involvement of the coi ticobulbar 
and coi ticospinal tracts Forced laughing and ciying are stronglv 
developed Signs of cerebellai disease aie combined with the syndrome 
Synngobulbia may pioduce damage to the brain stem and give rise 
to emotional instability and to difficulties in speaking and swallowing 

Tiue bulbai and pseudobulbai palsy occui together in amyotrophic 
latei al scleiosis In this disease there is degeneration of the lower 
motor neuions m the nuclei of the cianial nerves and antenoi columns 
of the spinal cord as -well as degeneiation of the Betz cells In ceitain 
cases the louei motor neurons degeneiate first and moie seveiely, m 
otheis the coi ticobulbai and corticospinal pathways beai the biunt of 
the damage In the lattei instances typical symptoms of pseudobulbai 
palsy aie observed Often, with the whole syndiome piesent it is pos- 
sible also to demolish ate fibrillations and atiophy in the facial and mas- 
ticatoiv muscles and m the tongue 

DIFrERCNIIAL DIAGNOSIS 

Conditions m which 'weakness of the muscles 01 damage to the lowei 
motor neuions of the cianial nerves occur alone must be differentiated 
fiom pseudobulbar palsy In such conditions emotional instability is 
absent but theie may be profound difficulties m speech and deglutition 
This is tiue of myasthenia gravis, progiessive muscular atrophy or any 
condition involving the medullary motor components Pseudobulbai 
palsy is differentiated by its frequent association with hemiplegia 01 
quadriplegia, the absence of wasting, fibi illation or reaction of degen- 
eiation in the muscles supplied by the cranial motoi nuclei, letention and 
fiequent exaggeration of the jaw jerk and the characteristic phenomena 
ot emotional release The syndrome may occur with tiue bulbai palsy 
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m which case mlei pi elation is moie difficult Likewise, a condition of 
pseudobulbai palsy may be obscured by the shock immediately iollowing 
a ceiebial vasculai accident 01 by mci eased mtiaciamal pressuie In a 
lecent papei, Karnosh and Connor stated significantly "Pathologic 
grimacing is a transitoiy phenomenon, fiequently dependent on the 
locale of the lesion and clearing as the hemiplegia improves It may 
therefoie escape detection and, m many cases of central neivous system 
syphilis, be legarded as a manifestation of the emotional deiangement of 
dementia paralytica ” 

25 Karnosh. L J, and Connor, W H Syphilitic Pseudobulbar Pals\ with 
Compulsive Weeping, Am J Syph , Gonoi & Veil Dis 20 115,1936 



PURPURA HAEMORRHAGICA DUE TO INGESTION 
OF SEDORMID (ALLYLISOPROPYL- 
ACETYLCARB AMIDE) 

EXPERIMENTAL OBSERVATIONS AND REPORT OF A CASE 
ERNEST H FALCONER, MD 

AND 

IRWIN C SCHUMACHER, MD 

SAN FRAIs CISCO 

In 1933, Dennig 1 lepoited 3 cases of puipuia haemoii hagica due to 
oial admimstiation of lodifix, a piepaiation containing iodine One of 
the patients, a woman aged 64, after lecoveiy fiom iodine pmpura had 
two distinct relapses, each following the use of 1 tablet of sedormid 
(allyhsopiopylacetylcarbamide), a diug that she had not used pieviously 
From 1933 to October 1938 reports of instances of purpuia haemoi- 
i hagica following the use of sedoimid 2 appeared in lapidly mci easing 

Supported by a grant from the Christine Breon Fund 

From the Department of Medicine, University of California Medical School 

1 Dennig, H Thrombopenische Purpura nach Jodemnahme, Munchen med 
Wchnschr 80 562 (April 14) 1933 

2 (a) Loevvy, F E Thrombopenic Haemorrhagic Purpura Due to Idio- 

syncrasy Towards the Hypnotic Sedormid Allergotoxic Effect, Lancet 1 845 
s ( April 21) 1934 (b) Graubner, W , cited by Hadorn 21 (c) Stern, R Psychose 
bei Purpura cerebri infolge Sedormiduberempfindhchkeit, Wien khn Wchnschr 
49 1288 (Oct 16) 1936 ( d ) Falta, W Fall von Sedormidpurpura, ibid 49 

798 (July 19) 1936 (<?) Konig, F, in discussion on Falta 2 ' 1 (/) Decastello, A, 

m discussion on Falta 2(1 (< 7 ) Glasz, E , in discussion on Falta 2tl (It) Pollacsek, 
K F , in discussion on Falta 2d (i) Hadorn, W Purpura thrombopenica durch 
Sedormid, Schweiz med Wchnschr 17 1273 (Dec 12) 1936 (;) Vogl, A 

Thrombopenische Purpura nach Sedormidgebrauch, Wien klin Wchnschr 48 
908 (Tul\ 5) 1935 (/e) von Lauda, E, m discussion on Vogl, A Die Pathogenese 
der akuten thrombopemschen Purpura, Wien med Wchnschr 86 1118 (Oct 3) 
1936 (/) Boas, E P , and Erf, L A Thrombocytopenic Purpura Following 

Medication with Sedormid (Ureide Preparation) and with Phenobarbital, New 
York State J Med 36 491 (April 1) 1936 (m) Peck, S M, Rosenthal, N, 

and Erf, L A Value of Prognostic Venom Reaction m Thrombocytopenic 
Purpura, JAMA 106 1783 (May 23) 1936 (n) Mettier, S R , and Stone, 

R S Effect of Roentgen Ray Irradiation on Platelet Production m Patients 
with Essential Thrombocytopenic Purpura Haemorrhagica, Am J M Sc 191 
794 (Tune) 1936 ( 0 ) van Andel, P, and Groen, J Thrombopenic Purpura 

(Werlhof’s Disease) After Use of Sedormid, Nederl tijdschr v geneesk 81 
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numbei s, as evidenced by oui having found, m the liteiatuie covenng 
this period of approximately five yeais, repoits of 41 cases Including 
oui lepoited case, the total number of cases at the time of writing 
(November 1938) is 42 We have piepared a table (table 1) setting 
foith the names of the authois and then lepoits of cases dui mg the 
penod mentioned Peitment data m connection with these published 
cases have been tabulated for compai ison and study Some of the details 
we are intei ested m are lacking, but we believe all of the 41 cases are 
well authenticated instances of thiombopemc puipuia due to ingestion 
of sedoimid 

The table shows 24 women and 12 men, as indicated by the lepoits 
in which the sex was stated Of the women, 20 weie o\ei 35 3 eats of 
age, 14 weie ovei 48, and m 2 instances the age was not stated Of the 
men, 1 was 32, 2 weie 43, and the lemammg 9 weie over 50 In 4 cases 
neithei sex noi age was stated The cases indicate an increased suscepti- 
bility to the puipunc manifestations of sedoimid among the oldei age 
gioups in both sexes In the instances m which platelet counts weie 
made at the time of the puipunc manifestations, the numbei pei cubic 
millimetei tvas usually below 80,000 Theie weie 2 exceptions to this 
In case 31 (lepoited by Hoffman, Kahn and Fitzgibbon 2r ) the platelet 
count was 152,000 on the second day aftei taking' - tablet of sedoimid 
However, the attack was leproduced by the ingestion of 1 sedoimid 
tablet, and the numbei of platelets recoided the morning following the 
taking of the sedoimid was 59,000 pei cubic millimetei In case 38 
(lepoited by Hill 2v ) the platelet count was 180,000 on the day following 
ingestion of the last sedoimid tablet As indicated m table 1, the white 
cell count dunng the attack vaned fiom 4,900 to 5,600 pei cubic milli- 
metei m 5 cases and from 6,800 to 10,400 in 7 cases and ivas 20,000 in 
1 case The hemoglobin deteimmations and the led blood cell counts 
aie not lecoided in table 1, since no mfoimation is available concerning 
the piesence of anemia pnoi to the attack Theie aie too feiv obsena- 

3348 (Tub 10) 1937 (/>) Kramer, P H Purpura Hanoi rhagica After Use of 
Sedormid ibid 81 3345 (Juh 10) 1937 (q) Lieberherr, W Zur Kenntms der 

Purpura thrombocy topemca beim Bebraiich von Sedormid, Med Klin 33 475 
( April 2) 1937 () ) Hoffman A M , Kahn, T , and Fitzgibbon, T P Thrombo- 
cytopenic Purpura Following AUvl-Isopropyl- Acetyl-Carbamide (Sedoimid), T \ 
AT A 110 725 (March 5) 1938 (s) Mood\, A M Thrombocytopenic Purpura 
Following Use of Allyl-Isopropyl-AcetU-Carbamide (Sedormid), ibid 110 726 
(Maich 5) 1938 (/) Torrens, J Purpura Following Sedormid, Lancet 1 749 
(March 26) 1938 (u) Toekes, T Purpura Hacmorrhagica (Werlhof’s) After 
Taking Sedormid ibid 2 305 (Aug 6) 1938 (v) Hill, D B Thrombopemc 

Purpura Following Alhl-Isopropyl-Acepvl-Carbamide (Sedormid), T \. M A 
111 1459 (Oct 15) 1938 (tv) Naegeli, O Difterentialdiagnose in der inneren 
Medizin cd 2, Leipzig, Georg Thieme, 1936 cited b\ Jockes 2,1 Dennig 1 
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tions lecoided oil the manow of the sternum to permit any conclusions 
Recoveiy is appaiently rapid as soon as the diug is discontinued In the 
majonty of the cases fiom three to eight or ten days has seen complete 
dealing of the purpuia, with cessation of bleeding Tieatment, including 
such measures as roentgen theiapy, administration of vitamin C, blood 
transfusion, giving of calcium or intramuscular administration of liver 
extiact, appaiently has not shortened the interval of recoveiy The 
amount of sedoimid necessaiy to cause sensitization varies gieatly 
After sensitization the amount of the drug necessary to repioduce the 
puipunc and hemorihagic phenomena is small, usually 1 01 2 tablets 

i 

REPORT OF CASE 

Histoi v — M G , a white woman aged 26, single, was admitted to the Um- 
versitv of California Hospital on June 19, 1937, complaining of small dark spots 
and larger “black and blue” areas, scattered on and beneath the skin of her entire 
bodv Her symptoms began about May 29 (three weeks before admission to 
the hospital), at which time she noted small reddish spots, “like grains of red 
pepper,” scattered over her lower extremities Successive crops of spots of this 
type appeared until all the skm of the body was involved In addition, large 
“black and blue” areas, a few 6 or 8 cm in diameter, appeared over the lower 
part of the abdomen and the lower extremities A few of these ecchymotic areas 
were \ ei v tender on pressure At the time of entry there was slight bleeding from 
the gums The last four menstrual periods had occurred one week earlier than 
usual and the flow had been more profuse 

She had had an operation at the age of 19 for removal of the appendix 
and for suspension of the uterus At the age of IS she began to suffer from hay 
fever, which recurred every spring when she was in the San Joaquin Valley and 
San Francisco Bay area She began having bronchial asthma at the age of 22 
For the first two years it was experienced only m the spring and accompanied 
the hay fever During the past year, however, it was present more or less con- 
tinuously, having failed to clear up at the end of the hay fever period of spring 
The asthmatic attacks were especially troublesome at night, when the wheezing 
and coughing were severe Skm tests at the age of 15 showed positive reactions 
to pollen, but no pollen hyposensitization was ever attempted In addition to the 
hav fever, bronchial asthma and purpura, the only allergic historv obtainable was 
that of the mvanable production of an asthmatic attack by the dunking ot beei 
In the patient’s opinion, her dailj diet has been somewhat restricted It has included 
orange or tomato juice, graham crackers, coffee, soups, canned beans, milk, 
sandwiches, salads, vegetables, meats and desserts For the past year the only 
medication aside from sedormid had been pills of ferrous carbonate U S P 
The history of sedormid medication went back to a period about six months 
before admission, when the patient began to take 1 to 2 or 3 tablets a week for 
sleep, depending on the frequency and severity of her asthmatic attacks During 
her midterm college examinations (April 1937) she took about 4 tablets in one 
week At this time she noted a slight scattering of petechiae during her menses 
Two mouths later, she again took 4 or 5 tablets during one week (Maj 21 to 29), 
after which the attack occurred for which she was admitted to the hospital How- 
e'er she continued to take 1 tablet nightly up to the da\ of admission 
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In the hospital she was given a high vitamin, unrestricted diet, 0 6 Gm of 
reduced iron four times daily and 4 Gm of calcium gluconate three times a day 
During the first five days in the hospital the patient was given 0 OS Gm of amytal 
each night During the first nine days in the hospital she received 0 025 Gm of 
ephedrine sulfate for eleven doses and two injections of a 1 1,000 dilution of 
epinephrine, 0 5 and 0 25 cc , respectively 

Dermal and mtradermal tests showed many positive reactions- to spring, sum- 
mer and fall pollens No positive reactions were obtained to house dust, animal 
danders, miscellaneous inhalants, eggs, milk, the common cereals, meats, vegetables 
or fruits 

Physical Examination — Petechiae were found scattered over the trunk and 
extremities A small hematoma was observed beneath the right lower eyelid, and 
large ecchymotic areas were present over both arms and the region of the iliac 
crests On both thighs were large ecchymotic areas from 8 to 10 cm in diameter, 
and over the lower extremities similar areas from 6 to 8 cm in diameter (fig 1) 
Some areas over the lower extremities were very tender on moderate pressure 



Fig 1 — Ecchymoses on the left thigh and lower part of the abdomen 

The blood pressure was 110 systolic and 65 diastolic The heart was not enlarged, 
and there were no murmurs Neither spleen nor liver was felt An examination of 
the pelvis revealed nothing abnormal The lungs weie noimal 

Labo) atoi y Data — On June 21 the ascorbic acid content of the plasma was 
0 78 mg per hundred cubic centimeters The results of Dalldorf capillary fragility 
tests on the uppei part of the left arm showed showers of petechiae with 20 
cm pressure, 30 to 40 petechiae, with —15 cm pressure and 6 to 8 petechiae with 
— 10 cm pressure 

The Kolmer modification of the Wassermann and Kahn tests of the blood ga\e 
negative reactions On June 20 the urine show r ed no red blood cells On June 24 the 
stool gave a negative reaction to the test for occult blood On June 20 the blood 
clotting time (Lee and White) w^as three and one-half minutes, with a bleeding 
time (Duke) of six minutes The platelet count on June 23 v r as 130,000 per 
cubic millimeter 

Expci imcntal Piocedmcs — On June 26 0 5 Gm of sedormid was dissohed in 
5 cc of distilled water A piece of blotting paper saturated with this solution was 
placed on the skin with adhesive tape After fortj-tuo hours no reaction of am kind 
had taken place locally During this period there was no significant alteration 
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m the platelet counts or any diminution m the total number of white cells or 
granulocytes, as reported by Squier and Madison 3 m their studies on sensitivity 
to aminopyrine 

On June 27 the blood count showed 11 78 Gm (86 per cent) of hemoglobin, 
4,560,000 red blood cells and 9,600 white blood cells The differential count showed 
71 per cent neutrophils, 15 per cent lymphocytes, 9 per cent eosinophils, 1 per cent 
basophils, 4 per cent monocytes and 0 4 per cent reticulocytes 

The pressure cuff applied to the right arm at a pressure of 76 mm of njercury 
for five minutes caused no petechiae to appear 



Fig 2 — Results of the Dalldorf capillary fragility tests during the patient’s 
first stay in the hospital The more distinct hemori hagic areas represent — 20 cm 
pressure 

On June 28 at 9 10 a m ^ tablet of sedormid was administered At 12 
o’clock noon, the platelet count was 310,000 per cubic millimeter, but by 5 30 
p m the count had dropped to 100,000 

On June 29 the platelet count was 110,000 per cubic millimeter The patient was 
given 2 sedormid tablets at 10 a m The platelet count at 11 15 a m was 120,000, 

3 Squier, T L , and Madison, F W Primary Granulocytopenia Due to 
Hypersensitivity to Amidopyrine, J Allergy 6 9 (Nov ) 1934 
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but by 5 p m it had fallen to 40,000 The pressure test on June 29 at 10 a m, 
with 84 mm of mercury pressure for five minutes, showed many petechiae below 
the cuff At 5 p m of the same day application of the Dalldorf instrument to the 
upper part of the right arm caused showers of petechiae with — 20 cm pressure, 
scattered showers of petechiae with — IS cm pressure, 8 to 9 petechiae with 
— 10 cm pressure On the same day petechiae appeared over the posterior axillary 
folds and on the buttocks 

From June 29 until July 5 eight more observations were made with the 
Dalldorf instrument, using each arm alternately The readings did not vary 
significantly from the previous ones until July 4 and 5, on which days the readings 
at — 15 and — 10 cm pressure showed a somewhat lessened number of petechiae 
to the field, probably indicating the beginning of a lessened capillary fragility 
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Fig 3 — Correlation of platelet level and white blood cell and eosinophil 
counts 


on July 4 This test is undoubtedl> a fairly delicate quantitative test of increased 
capillary fragility and has value m a situation such as this, in which we were 
interested in determining the time required for the capillaries to recover resistance 
under therapy with vitamin C (ascorbic acid) (fig 2) 

On June 30 the platelet counts -varied from 70,000 to 90,000 Petechiae appeared 
over the chest, arms and neck 

On July 1 the platelets -varied between 80,000 and 90,000 At 8 a m 100 
mg of ascorbic acid was administered intravenously and the dose was repeated four 
times during the day, at intervals of four hours At 9 p m there was an epislaxts 
of 4 to 5 cc On July 2 the platelets rose to 140,000 There were two slight 
epistaxes during the day The ascorbic acid content of the plasma was 1 09 mg 
per hundred cubic centimeters 
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On July 6 the patient was dischaiged from the hospital, at her lequest, but she 
promised to return later for further studies The platelet count was 210,000 on 
July 6, and the purpuric lesions of the skin had nearly disappeared 

Our diagnosis was purpura haemorrhagica due to the ingestion of sedoimid 
The chart giving results of detailed daily studies of the blood has not been included, 
as the values for the red cells and hemoglobin remained fairly constant, showing a 
slight increase, undoubtedly due to iron therapy while m the hospital The numbei 
of red blood cells ranged from 4,550,000 on June 23 (on admission) to 5,060,000 
on July 5 (at discharge), and the hemoglobin, from 1178 Gm (86 per cent) to 
12 88 Gm (94 per cent) The red cell counts were made with certified blood 
counting pipets (United States Bureau of Standards), and the hemoglobin estima- 
tions were made by the acid hematin method (Sahli hemoglobinometer) The Rees 
and Ecker method was used for the platelet counts Figure 3 shows the corre- 
lation of platelet, white cells and eosinophil counts This graph does not show 
the type of hematologic response described by Squier and Madison 4 as charac- 
teristic of thrombopemc purpura due to food allergy In their reported cases, the 
ingestion of foods to which the patients weie allergic caused an immediate sharp 
rise m eosinophils accompanied by a drop in the platelet and white cell counts In 
our blood studies on this patient, no evidence of leukopenia or granulocytopenia, 
described as occurring after ingestion of anunopyrine, was noted in the daily white 
blood cell counts 

On Aug 28, 1937, the patient reported for a blood count, which showed 
5,100,000 red blood cells, 12 33 Gm (90 per cent) of hemoglobin, 10,300 white blood 
cells, 49 neutrophils, 3 eosinophils, 1 basophil, 39 lymphocytes and 7 monocytes The 
platelets numbered 280,000 

She reported again on March 24 1938, at which time the blood showed 4,010,000 
red blood cells, 11 5 Gm (84 per cent) of hemoglobin, 7,900 white blood cells, 45 
neutrophils, 10 eosinophils, 1 basophil, 35 lymphocytes and 9 monocytes The plate- 
lets numbered 330,000 

Approximately one yeai after her first admission to the hospital, on July 7, 1938, 
the patient returned for further experimental study 

An outline of our plans for further investigation included (1) determination of 
the degree of the patient’s sensitivity to sedormid, (2) observation of the rate 
of recovery from thrombocytopenic purpuia induced by ingestion of sedormid after 
cessation of use of the drug and without specific administration of vitamin C, (3) 
aspiration and study of the marrow of the sternum before and during her expen- 
mentally induced attack of purpura and (4) tests of capillary fragility (Dalldorf 
method), to observe whethei or not capillaries lequire a longer period for recoverv 
of tone after an experimental attack of purpura when no vitamin C is administered 
(except that included in the regular hospital diet) 

During the second experiment, no orange juice oi lemon juice was supplied 
with the patient’s hospital diet, but other fruit juices and vegetables were part of 
her regular daily meals 

Table 2 shows the amount of sedormid administered During the period 
between 8 a m on July 7 and 7 30 p m on fuly 14, 1938, 11)4 tablets, or 28 75 Gm , 
of sedormid were given 

Capillary fi agility tests (Dalldorf) before sedormid was administered on 
July 7 showed 20 petechiae with — 20 cm pressure and 6 to 10 petechiae 

4 Squier, T L , and Madison, F W The Hematologic Response in Food 
Allergy Eosmophilia in the Leucopemc Index, J Allergy 8 250 (March) 1937 , 
Thrombocytopenic Purpura Due to Food Allergy, ibid 8 143 (Jan ) 1937 
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with — 15 and — 10 cm pressuie Fne and one-halt hours after J4 
tablet of sedormid was given (4 p m, July 7), there was a slight increase 
in capillary fragility By July 13 the increase was pronounced (fig 4) 
By July 19 capillary fi agility tests showed a relatively normal state These 
tests coi responded rather closely to the degree of capillary fragility present during 
her attacks m 1937 (experimental and initial) The petechiae in the area w'liere 
the Dalldoif instrument was applied were laiger and more distinct during this 
second attack (fig 4), when no specific vitamin C was administered It will be 
noted m table 2 that, aftei the administration of the first tablet of sedoimid on 



Fig 4 — Results ot the Dalldort eapilktrv fragihtv tests during the patients 
second stai m the hospital 1, with — 20 cm pressure, 2, with — 15 cm pressure 
I with — 10 cm piessurc, and 4, with — 5 cm picture 

Tuh 7, the numbci of platelets decreased giaduallv to 80,000 per cubic millimeter 
on Jtih 13, when petechiae began to appear over the chest, neck and arms Bv 
luh 15 the entire bodv was covered with small purpuric spots, and on Julv 16 
there appeared eeclnmotic areas about 3 to 4 cm in diameter over the antenor 
aspect of the upper part of the right thigh, the right shoulder and the front and 
back of the chest The morphologic character of the platelets, as noted on the 
blood films, was not lcmarhable, but with reduction of platelets the films showed 
mam small, dark, ragged disks When the platelet count fell to 80,000 per cubic 


Table 2 — Record of Experimental Attack of Purpura Haemorrhagica Induced During Second Stay m Hospital - 1 
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milhmetei or below, larger forms appeared Some were about one half the size 
of a red blood cell As the platelet count rose, aftei cessation of administration 
of sedormid, there appeared to be a tendency for aggregation of platelets on the 
films 

On July 7 befoie any sedormid was given, aspiration of the marrow of the 
sternum was performed This procedure was repeated on July 15, when the platelet 
count was 70,000 per cubic millimeter, and aftei several puipuric spots had 
appealed in the skin over various portions of the body The results were 


Myelobl ist 

Julj 7 

5 

July 13 

5 

Pro m 5 elocyte 

1 

1 

Mjelocytic neutrophil 

12 

12 

Mjelocytic eosinophil 

3 

G 

Metamyeloevtic neutrophil 

23 

17 

Metamvelocjtic eosinophil 

3 

7 

Polj morphonuclear neutrophil 

22 

IS 

Polymorphonuclear eosinophil 

4 

o 

Lymphocj ti 

3 

4 

Megabarvocj te 

1 

3 

Proerythroblast 

4 

9 

Pnthroblast (meliuling noimobla=t) 

19 

1 G 


On Tulv 15 the platelets in the mariow films w'eie markedh leductd ,n number 
and tended to be largei than normal (4 to 6 microns in diameter) 

Table 2 show's that no parallel increase in the number of eosinophils accom- 
panied leukopenia and a drop in the number of platelets, which has been said 
to occur in food allergy, and there was no leukopenia with granulocytopenia, 
which has been stated to occur in persons sensitive to ammopyrine and allied drugs 
This table does show' an average rise above normal in the number of eosinophils 
(also showm in fig 3), which we attributed to the allergic state causing the attacks 
of asthma and hay fever 

It will be noted that the percentage of vitamin C in the blood plasma of the 
patient w'as slightly lower on July 8, 1938 than on June 21, 1937, at the time of 
her first entry The values for vitamin C in the plasma gradually rose during 
the time of the second experiment (July 7 to 19, 1938) This occurred in the 
absence of parenteral or oral administration of vitamin C other than that included 
in her diet We are unable to interpret the significance of this rising percentage 
of vitamin C in the plasma during the second experiment, unless the low amount 
0 67 mg per hundred cubic centimeters, on admission (July 8) was the result of 
a diet inadequate in vitamin C before the patient came to the hospital 


SUMMARY 

No definite evidence was found that vitamin C by eithei oial oi 
parenteral admmisti ation, diminished the intensity of the puipuric 
lesions and hemorihagic manifestations of the patient lepoited, noi did 
it shoiten the period necessary for recovery from these manifestations 
This patient was apparently only slightly sensitive to sedoinud and 
was less sensitive after the lapse of a year, during which time she had 
not taken any sedormid Diffeiential cell counts and study of the 
marrow of the sternum, both before and after the induced attack of 
purpura, show'ed stimulation of the early granuloc) te elements, i e , 
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myeloblasts, myelocytes and metamyelocytes The erytlnoid elements 
were increased, probably as pait of a stimulation of granulocytes and 
erytlnopoietic elements The megakai)OC)tes ■weie not increased in 
eithei of the two counts 

The formed elements of the penpheral blood othei than the platelets 
showed very slight, if any, change during either expenment We have 
a caieful lecoid of daily blood counts during the entire penod of the 
experiments, but did not include all of them because of a desne to 
conseive space 



AN EPIDEMIC DISEASE OF THE 
RESPIRATORY TRACT 

HOBART A REIMANN, MD 

AND 

W PAUL HAVENS, MD 

PHILADELPHIA 

In the past few years nmneious clinicians have descnbed isolated 
cases and epidemics of infection of the lespiratoiy tract especially 
associated with pulmonary involvement The disease in most instances 
lesembled epidemic influenza so closely that clinical diffeientiation could 
not be made, and in only one or two studies were attempts made to 
differentiate the disease from influenza by serologic or other laboiatory 
methods Definite diagnoses in this gioup of infections of the respira- 
tory tract cannot be made, of course, until the etiologic agents in the 
different diseases become known 

Various names have been gnen to the diseases described, such as 
acute pneumonitis, 1 acute influenza pneumonitis, 2 acute interstitial 
pneumonitis, 3 atypical pneumonia, 4 bronchopneumonia, 5 pseudolobar- 
bionchopneumoma, 8 benign circumscubed pneumonia, 7 disseminated 
focal pneumonia, 8 acute diffuse bronchiolitis 9 and capillary pneumonia 

From the Department of Medicine, Jefferson Medical College Hospital 

Presented in part with Dr Joseph Stokes Jr before the Association of 
American Phj'sicians, Atlantic City, N J , May 2, 1939 

1 Allen, W H Acute Pneumonitis, Ann Int Med 10 441-446 (Oct ) 
1936 Ramey, W G, and Burbidge, J R Acute Pneumonitis or Atypical 
Pneumonia, Journal-Lancet 59 101-104 (March) 1939 

2 Bowen, A Acute Influenza Pneumonitis, Am J Roentgenol 34 168- 
174 (Aug) 1935 

3 Smiley, D F , Showacre, E D , Lee, W F, and Ferris, A W Acute 
Interstitial Pneumonitis A New Disease Entity, JAMA 112 1901-1904 
(May 13) 1939 

4 Cass, J W The Question of “Influenza” and Atypical Pneumonia, New 
England J Med 214 187-193 (Jan 30) 1936 

5 Miller, F N, and Hayes, M G Bronchopneumonia of Mild Severity 
at the University of Oregon, Northwest Med 38 12-14 (Jan ) 1939 

6 Jeanneret, R , and Fame, F Lhmage radiologique de la bronchopneumonie 
grippale, Rev med de la Suisse Rom 51 418-422 (June 10) 1931 

7 Ramsay, H, and Scaddmg, J G Benign Broncho-Pulmonary Inflam- 
mations Associated with Transient Radiographic Shadows, Quart J Med 32 
79-95 (April) 1939 

8 Scadding, J G Disseminated Focal Pneumonia, Brit M J 2 956-959 
(Nov 13) 1937 

9 McKinlay, C A Acute Diffuse Bronchiolitis, with Report of a Case, 
Journal-Lancet 59 90-91 (March) 1939 
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These terms may be fairly descuptive of the underlying pathoanatomic 
changes, but beyond this they serve no useful purpose Furthermore, 
m our recent experience with a disease to be described, all of these terms 
weie too restrictive, since they are applicable only in the minonty of 
cases of the severe form with pneumonia m an epidemic m which the 
lungs were seldom involved (fig 2) 

In the spring months of 1938, 8 cases of a severe foim of atypical 
pneumonia were studied at the Jefferson Medical College Hospital 10 
Several more occuried among the hospital personnel in August, 
November and Decembei Dui mg this time the number of cases of 
nuld infection of the respnatory tract was not unusual, and m only 1 
instance did it appeal to be 1 elated to the severe form Because of the 
peculiar nature of the disease, attempts weie made to deteimme the 
etiologic agent 11 Fiom 2 patients a filtrable infectious agent was 
lecovered which when inoculated into animals caused bactena-fiee 
pneumonia, chaiaclenzed by an inflammatory reaction of the intei stitial 
tissue of the lungs with a mononuclear cell exudate and often enceph- 
alitis Unfoitunately, the agent disappeared during passage m animals, 
and proof of its etiologic lelationship to the disease was not established 
Neveitheless, because of this suggestive evidence and the clinical 
resemblance of the disease to other known vnus infections of the 
lespnatoiy tract, it was suggested that a vnus was the cause 

Dui mg the same season of 1938 many spoiadic cases and epidemics 
of disease strikingly like the one descnbed here were observed in Ohio, 
Delawaie, Oiegon, New Yoik, Minnesota, Missouii 12 and elsewhere, 
giving leason to believe that a special infectious agent vas common to all 

EPIDEMIC OF 1939 

Spoiadic cases of an unusual foim of pneumonia veie obseived 
in the Jefteison Hospital, as stated, until late m 1938, but m January 
1939 an epidemic of a mild disease of the respiratory tract began in 
Philadelphia, which reached videspiead proportions m Februaiy 13 In 
our experience it was the most widespread epidemic of many years 

10 Rcimann, H. A An Acute Infection of the Respiratory Tract with 
Atypical Pneumonia A Disease Entity Probably Caused b\ a Filtrable Virus, 
JAMA 111 2377-2384 (Dec 24) 1938 

11 Stokes, J, Kenney, A S, and Shaw, D R A New Filtrable Agent 
Associated with Respirator) Infections, Tr Coll Plnsicians Philadelphia 
6*329-333, 1939 

12 Miller, M E , Wingfield, P B , Harrington, F E , Langmuir, A D , and 
Edwards, J C Personal communication to the authors 

T3 Rcimann, H A, and Stokes, J, Jr An Epidemic Infection of the 
Respirator) Tract in 193S-1939 Tr A Am Physicians 54*123-129, 193° 
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Sinulai outbieaks, with a high moibidity rate, weie leportecl from New 
York, Minnesota, Illinois, England, 14 France and elsewheie at about 
the same time In some places schools weie closed m an effort to stop 
the spread of the disease, and other localities were apparently not 
affected at all Since most patients weie not ill enough to seek medical 
aid, it was impossible to leain the leal extent of the pandemic, so that 
its incidence is not accurately 1 effected m the statistics of city and state 
health depaitments Furthermore, the mild fonn may be confused 
with tiue influenza or sinulai infections, and the seveie form with 
pneumonia may be mistaken for the pneumonias of bactenal origin 

It would be important to know whethei the disease observed m 1938 
was caused by the same agent as that of 1939 There is reason to 
believe that it was, because of the clinical similarity of both the mild 
and the seveie type m the two outbreaks, but many more cases of the 
mild than of the seveie form occuiied in 1939 This behawoi is 
similar to that of epidemic influenza m 1918-1919 Numerous isolated 
cases of a severe infection of the respiratoiy tract occuned a year oi 
two before the outbreak of the great pandemic 15 

CLINICAL STUDIES 

Since it was thought that a study ot the epidemic in a moie oi less 
“closed” and easily conti oiled group of persons would be of value m 
describing the disease, our obseivations were limited chiefly to the 
interns, nurses and medical students compnsing a group of 813 peisons 
at Jefferson Medical College and Hospital Of this group, 407 persons, 
or 50 pei cent, were ill presumably of the same disease Of the 407 
persons affected, only about 100 were ill enough to be admitted to the 
hospital for treatment The date of onset of the illness in these patients 
is shown m figure 1 

It was not possible to measure the peuod of incubation because of 
the numerous possibilities of exposuie We believe the incubation 
period was shoit, perhaps one oi two days, but others have suggested 
it to be two weeks 

The disease was piimarily an inflammation of the mucous membianes 
of the respiratory tract, usually of the nose, pharynx and laiynx, 
occasionally including the trachea and bionchi, and in a few cases the 
bronchioles and lungs Constitutional symptoms were usually in pro- 
portion to the extent and intensity of the mucosal inflammation The 

14 Andrewes, C H Epidemic Influenza, Lancet 1 589-590 (March 11) 
1939 

15 Hammond, JAB, Rolland, W , and Shore, T H G Purulent Bron- 
chitis, Lancet 2 41-45 (Julv 14) 1917 Abrahams, A , Hallows, N F , Eyre, 
J W H , and French, H Purulent Bronchitis Its Influenzal and Pneumococcal 
Bacteriology, ibid 2 377-382 (Sept 8) 1917 
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clinical com se was lemarkably unifoim in most cases, differing chiefly 
in degiee of se\erity Foi simplicity in discussion, the cases weie 
classified as those of mild (ambulaton patients), moderately seveie 
(bedfast patients) and se^ie foims 

Mild Fomi — By fai the laigest pioportion of the 407 patients 
(30 7, oi 75 pei cent) weie ambulaton Their illnesses peihaps would 



Fig 1 — Weekly incidence of cases of the moderatclv se\erc and se\cie lonn m 
the epidemic 






m 


|~| Ambulatory 
|"*| Confined to bed 


jH Tracheobronchitis 

Tracheobronchopneumonia 


log 2 — Relatne proportion of ambulators patients (75 per cent) and patients 
confined to bed (25 per cent) Iwche per cent of all patients had tracheo- 
bronchitis, and 6 per cent had pneumonia 


oidinanly he regarded as unimportant “colds/' hut because of the 
coincidence with other more se\ere, hut clinically' similar, infections, we 
ha\e legai ded them as pait of an epidemic of a single disease entity 
(fig 2) These persons usually complained of coryza obstiuction of 
the nose, malaise frontal headache weakness, dizziness, sweating and 
anoicxia Rhinouhea and lamination were larc, hut the conjunctnas 
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were often injected There was occasional dry cough, but raiely fever 
The illness lasted from one to several days A number of persons had 
one or two relapses, which in some cases were severe 

Moderately Severe and Severe Forms — About 100, or 25 per cent, 
of those who were sick had to go to bed Of this number, 25 had 
tracheobronchitis and 25 had tiacheobionchopneumoma The onset in 
most cases (97 per cent), as m those of the mild form, was insidious 
Headache, dry or mild sore thioat, coiyza, malaise, muscular pains, 
cough and shivering weie the most fiequent complaints, in the order 
named In a day, or after seveial days, these symptoms increased in 
severity Aching, backache, frontal headache, pam in the eyeballs, 
photophobia, malaise and sweating were present in over 80 pei cent of 
cases Over 70 per cent of patients had persistent hacking or parox- 
ysmal cough, which often mtei fered with sleep Only 27, however, 
raised sputum, but never more than 30 cc a day Sixty patients com- 
plained of dry, raw or sore throat, and hoarseness with aphonia 
developed in 4 A few patients with intensely inflamed throats were 
surprisingly free from local discomfort Catarihal or exudative symp- 
toms were rare Of the abdominal symptoms, anoiexia (52 cases) and 
muscular soreness from coughing (16 cases) were most fiequent, 
vomiting and diarihea were present m 12 instances 

The severity of the illness was generally in propoition to the extent 
and intensity of the inflammation of the mucous membranes Most of 
the severely ill patients had evidence of tracheobronchitis or pneumonia, 
but a few without pulmonary invasion felt worse than those with it, but 
for a shorter time Hoarseness and aphonia were more common in 
those with pulmonary invasion, as were drenching sweats and weak- 
ness Fever lasted on an average two and a half days m patients 
without involvement of the lungs, four and six-tenths days m those with 
tracheobronchitis and eight and two-tenths days m those with pneumonia 

Physical Signs — The patients often looked ill , the face was flushed, 
and the eyes were reddened The most constant feature of the moder- 
ately severe form (92 per cent of cases) was the inflamed mucous 
membranes of the upper portion of the respiratory tract According 
to Dr Calvin Fox, who examined each of these patients, the mucous 
membranes, particularly the lymphoid tissue, of the nose, oropharynx 
and pharynx, and frequently the larynx, including the epiglottis, ary- 
tenoid cartilages and vestibule, and the trachea were intensely red and 
dry, with varying degrees of congestion Occasionally the congestion in 
the nose was sufficient to obstruct breathing In the severely sick 
patients, crusting with excoriations resembling pinpoint hemorrhages 
were observed on the nasal septum In a few cases the vocal cords were 
inflamed and thickened Little or no exudate was found m the nose, 
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but small quantities of tenacious mucopus were sometimes present m the 
oropharynx Cervical lymphadenopathy was rarely obsened 

The seveie cough of most patients suggested tracheal bionchial 01 
pulmonary involvement, hut in only 4 patients with tiacheobronchitis 
who did not have frank pneumonia were lales 01 suppiessed bieath 
sounds heard in the hilar areas of the lungs In 23 of 86 cases roent- 
genograms made by Dr Karl Kornblum showed evidence of tiacheo- 
bronchitis (fig 3) in the absence of physical signs, a fact emphasized 
by otheis (Scaddmg) 8 Three patients weie regaided as liaung tiacheo- 
bionclntis in the absence of roentgenographic evidence because of rales 
m the mtei scapular aieas Evidence of pneumonia was piesent as indi- 
cated by abnoimal physical signs and roentgenogiaphic findings in 25 
patients The roentgenographic featuies will be the subject of a separate 
papei 

The tempeiatuie was usually elevated and a\eiaged fiom 38 3 to 
39 5 C (101 to 103 F ), and the pulse late was mcieased in piopoition 



Fig 3 — Roentgenograms in a case of tracheobronchitis The patient had been 
ill for three days with S3mptoms of the moderately se\ere form with nasophar- 
yngitis There was little cough or sputum and no abnormal phjsical signs in the 
lungs A, made during the illness, shows generalized increase m the pulmonarj 
markings m both lungs, indicating acute tracheobronchitis, in B, made five da>s 
later, the shadows arc less prominent 

to between 110 and 120 The lespnatoiy rate was occasional]} inci eased 
The clinical tecoid in a typical case is given in figuie 4 The sputum, 
when piesent, was occasionally blood tinged, but otheiwise was not char- 
acteristic The numbei of leukoc}tcs m the blood ranged between 5,000 
and S,000 per cubic milhmetei, often with a slight mciease m the pro- 
poition of pol) moiphonucleai cells The sedimentation late of the 
eiythiocytes w^as usually inci eased 

Patients zuith Pneumonia — Pneumonia det eloped m 25 patients 
There weie S cases of pneumonia among 3S interns The onset was 
usually insidious, like that alread} descubed but signs of spread to the 
lungs appeared aftei se\eial da}s or a week oi more had elapsed In 
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several cases signs of pneumonia were piesent m the fust few days The 
clinical picture in general was similar to that described before, 10 and 
need not he given m detail again Outstanding featuies were naso- 
pharyngolaryngitis, tracheitis and bionchitis of varying degiees of extent 
and seventy, paroxysmal cough, minimal amounts of exudate and 
sputum, frontal headache, aching of the eyes, photophobia, slight 
cyanosis, dyspnea, and frequently pi of use sweating There were occa- 
sional dulness and suppressed breath sounds, mvanably lales were 
present m one 01 both mterscapular aieas, but sometimes were confined 
to one lobe, 01 weie heard in seveial lobes at the same time or in suc- 
cession Weak bronchophony or egophony w as occasionally heard 
Roentgenograms almost alvays showed localized 01 diffuse areas of 



Fig 4 — Temperature and pulse rate in a case of moderately severe respira- 
tory infection with nasopharyngotracheobronchitis in a nurse aged 20 She felt 
well until February 9, when onset occurred with malaise, chilliness, fever, sweat- 
ing, headache, backache, aching of the eyeballs and a dry, harsh, nonproductive 
cough Some soreness and pain in the left axilla were noted The patient was 
hoarse, her face was flushed, and the eyes were reddened The mucosa of the 
nose and throat was swollen, dry and reddened The lymph follicles in the 
pharynx were particularly inflamed and swollen, and the visible blood vessels 
were distended The chest was normal except for suppressed breath sounds in 
the lower lobe of the right lung posteriorly, a roentgenogram showed generalized 
increase in the pulmonary markings, particularly in both hill The leukocyte 
count was 5,000 Cultures made of the pharyngeal exudate showed Str viridans 
in predominance, Str haemolyticus, N catarrhalis, Staphylococcus albus and 
diphtheroids General aching of the limbs, nausea and vomiting occurred on the 
second dav, but convalescence thereafter was rapid 


density where abnormal signs were found (fig 5) In 3 cases shadows 
of pulmonary invasion were present without physical signs, and in 4 
cases physical signs wei e present without shadows in the roentgenograms 
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Relatne bradycardia was noted only in the cases of sea ere disease with 
pneumonia of long duration Fever was continuously high 01 occasion- 
ally remittent, and the tempeiatuie declined by lysis (fig 6) The 
disease with pneumonia lasted from tw f o to seventeen days, with an 
aveiage of eight and tw'O-tenths days Often theie was loss of weight 
of 5 to 10 Kg (11 to 22 pounds) All the patients ieco\eied Con- 
valescence was usually rapid, but was prolonged in seveial cases by 
weakness and sweating In a numbei oi cases relapse, with mild naso- 
phaiyngitis, occuried aftei seveial weeks The number of leukocytes 
w r as usually noimal or slightly increased tow^aid the end of the illness 
The sedimentation rate of the eiytlnocytes w r as increased especially late 
in the disease All cultures of the blood w'eie stenle In sunilai cases 
m New Yoik city, Chickenng 1, ‘ noted a maiked incicase in the numbei 
of mononucleai cells in the sputum 



Fiq 5 — Rocntgcnogiums in a cave of trachcobionehopneumoma chaits foi 
which appear in figure 6 4, taken on the second da\ of tiic disease sliows intensi- 

fication of hilai shadows, cspccialh on the nglit B, taken on the eightli dnv, 
shows a diffuse, mottled shadow in the middle and lower Iohcs of the right 
lung On the thirteenth da\ a faint shadow appeared m the hilar area of the 
lower lobe of the left lung 


ouinu w \MI I ST VI IONS 

As in mail) otlici infectious diseases, we behc\e that m some instances 
oi gans and tissues othei than the tcspnaton tiacl niaj be affected In 
1938 the cases of 2 patients with s\mptoms of encephalitis were men- 
tioned 10 In the gioup studied m 1939 4 persons had mam of the 
tvpical signs and swnptoms descnbed, but weie much more tioubled b) 
geneial abdominal ciamps watciy diarrhea anorexia, nausea and -vomit- 
ing The illness lasted scwetal da\s m each case, left the patient weak 
and caused the loss of fiom 2 to 5 Kg (5 to 10 pounds) m weight 

Id Chickcring Persona! communication to the authors 
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In 3 medical students whose signs and symptoms warranted inclusion 
of their cases in the epidemic, jaundice developed five to seven days after 
the beginning of the symptoms of nasopharyngitis The clinical course 
was then typical of the disease commonly known as catarrhal jaundice 
Whether this syndrome and gastroenteritis were both caused by the same 
infectious agent is of course uncertain, but since no similar conditions 
developed in the group studied either before ot after the epidemic 
they were presumably a part of the disease 

Relapse or recrudescence of the disease occurred m 17 patients of 
the group Relapses were more severe than the preceding attack in some 
and less severe m others Here, again, it is uncertain whether relapses 



Fig 6 — Severe infection of the respiratory tract with nasopharvngotracheo- 
bronchopneumonia in an intern aged 25, who had had a slight cold with obstruction 
of the nose and injection of the conjunctivas for several days On January 24, 
a rather abrupt onset of dry, wracking cough, substernal soreness, malaise, 
general aching, photophobia, chilly sensations, fever and sweating was noted 
The nasopharynx was inflamed The leukocyte count was 8,600 Ferrets were 
inoculated with nasopharyngeal washings on January 24 Two days later the 
patient’s throat was sore, and hoarseness developed There was slight suppression 
of breath sounds in the base of the right lung posteriorly, and rales were heard 
the next day Herpes appeared on the lips, and paroxysms of cough were severe 
Several days later dyspnea and cyanosis required oxygen for relief The respira- 
tory rate was not greatly increased, in spite of dyspnea and cyanosis, which 
appeared about the second week Tachycardia was present early in the course, 
followed by relative bradycardia Nasopharyngitis, photophobia and sweating 
persisted for ten days Rales were heard in the base of the left lung on the 
thirteenth day' The leukocyte count was 14,000 Rales and hoarseness persisted 
until the twenty-first day Roentgenograms are shown in figure 5 Loss of 
weight was 8 2 Kg (18 pounds) Convalescence was slow but uneventful 
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weie caused by the same agent as that m the first attack, by a biologic 
modification of it 01 by a different agent, but because of similar clinical 
featuies the relapses were legarded as being due to the same cause 

COMPLICATIONS 

Theie weie no important complications among our patients except 
gastioententis and jaundice, which may not be complications at all, but 
a part of the disease itself In 5 cases, after several days of the mild 
symptoms as descnbed, typical acute follicular tonsillitis with leuko- 
cytosis developed A pure cultuie of hemolytic streptococci was recov- 
ered f lom the exudate on the tonsils Maxillary sinusitis developed m 
2 cases In seveial patients not included m the gioup studied, but 
admitted to the general medical service of the hospital, typical lobar 
pneumonia caused by pneumococci of tjpes I, II and YII developed 
after an illness of several days or a week with nasopharyngotracheitis, 
piesumably of the kind described heie 

ETIOLOGIC STUDIES 

As m the previous yeai, when a filtrable agent was lecovered from 
2 patients, 11 anesthetized feirets were inoculated intranasally by Dr. 
Joseph Stokes Jr and Mis Shaw with nasophaiyngeal secretions taken 
from 11 patients early in the couise of the disease Aside from 
demonstiatmg the absence of the virus of epidemic influenza, no 
decisive lesults weie obtained In a few instances the animals appeared 
to be ill after inoculation, but on further passage no evidence of disease 
dei eloped Complement fixation tests with influenza virus as antigen 
made on the blood of 15 patients gave negative results 

Bacteriologic studies of sputum and nasopharyngeal exudates showed 
the piesence of Streptococcus viridans, Streptococcus haemolyticus, 
Neisseria catarrhalis, diphtheroids and staphylococci, named m the order 
of frequency None was consideied to be of etiologic importance 
Bacillus influenza was not encounteied There was also a remarkable 
scai city of pneumococci They were lecovered m only 6 cases, usually 
from the sputum and raiely from phaiyngeal swabs, which had to be 
made m most cases because of the absence of sputum Exudate was 
routinely injected into mice, but only pneumococci of types IV, VIII, 
XVIII and XXIX and two unclassified strains were isolated They 
were not regaided as etiologically significant 

TREATMENT 

No active tieatment was used in cases of the mild form Patients 
were advised to remain m bed. but seldom did so Patients with moder- 
ately severe attacks went to bed They w ere usually kept isolated in 
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sepai ate 100 ms Headache and aching weie conti oiled with codeine 
sulfate, 0 03 to 0 06 Gm { J / 2 to 1 gram) by mouth, as needed An 
ice cap to the head was often comfoitmg Acetylsalicyhc acid, aceto- 
phenetidm and ammopyrme were seldom used because of the diaphoresis 
they cause, which in many cases was an annoying symptom of the 
disease itself Cough was often relieved by menthol cough lozenges 
or by steam fiom a water vaporizer For severe cough codeine was 
given to peinnt sleep Pam in the abdominal muscles from ..coughing 
was leheved by a snugly fitting bmdei Oxygen was helpful only when 
dyspnea and cyanosis weie piesent The bowels weie kept open with 
mild laxatives and enemas as needed, and the diet was umestricted 
except foi patients with nausea, vomiting oi dianhea 

Swabs and applications to the mucous membianes of the nose and 
thi oat were found to cause discomfort and were geneially not used 
A spiay of phjsiologic solution of sodium chloride oi a weak solution 
of sodium perborate as a gaigle often leheved the sense of dryness m 
the nose and throat An aqueous spray containing a 1 pei cent solution 
of ephedune hydrochloi ide oi epmephune hydi ochloi ide wrns used to 
lelieve nasal obstruction 

The question of chemotheiapy and specific antipneumococcus seium 
therapy was raised m seveial of oui cases in which pneumococci w^eie 
piesent m the sputum, but not in the blood In a few cases, in spite 
ot the atypical natuie of the pneumonia, both sulfapyndme and seium 
w r eie given, but the absence of a piompt response suggested that the 
pneumococci present had no etiologic significance Sulfap} udine given 
alone to ceitain patients had no beneficial effect and usually caused 
discomfoit, with nausea and cyanosis Several patients m the general 
medical seivice of the hospital in whom typical pneumonia due to 
Pneumococcus types I, II and VII subsequently developed, weie 
piomptl) benefited by sulfap} ridine and specific antipneumococcus 
sei um 

COMMENT 

The epidemic disease of the lespiratoiy tract lepoited w^as con- 
sideied to be an etiologic entity clinically similai to epidemic influenza, 
but caused by a different agent The disease occurred m varying 
degrees of severity, from the mildest foims with inflammation of the 
nose and thioat, of a few days’ duiation, to the severe forms with 
pulmonaiy involvement, often lasting seveial weeks Cases of the 
mild form far outnumbeied those of the seveie form, and for this 
leason we believe it to be misleading to apply restrictive names indi- 
cating special forms of bronchiolitis oi pneumonia to cases of the 
severe .form alone, as many have done It should be lecognized that, 
as m the case of influenza, both mild and seveie forms mai be due to 
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the same cause without the agency of bacteria, although bactena may 
eventually invade the damaged lung 17 Fiom the standpoint of public 
health mild infections aie all potentially dangeious They may be the 
piecursois of an outbreak of a moie serious epidemic disease of the 
lespiratory tract caused by the invasion of bactena, like that which 
occuried m 1918-1919 after influenza Fortunatel) , m the winter of 
1939 either the mild disease did not favor bactenal invasion or highly 
invasive oigamsms, such as pneumococci, hemolytic streptococci, staphy- 
lococci oi Pfeiffei’s bacilli, were not as prevalent as usual, and the 
moitality rate m oui gioup of patients was ml 


Diffci cntial Diagnosis of the Philadelphia Epidemic of 1939, Epidemic 
Influenza and Fcbnle Catanhs * 



Epidemic Influenza 

Febnle Catarrhs 

Philadelphia Ppidemie 
of 1930 

Onset 

Sudden 

Insidious 

Insidious 

Symptoms 

Constitutional symp 
toms preponderant 

Respiratory symp 
toms preponderant 

Constitutional s\mp 
toms preponderant 

Cough 

Short and dry 

Paroxysmal, irritat 
ing, painful, often 
productive 

Paroxysmal, hacking, 
nonproductive 

Voice 

Husky 

Hoarse 

Husky or hoarse 

Throat 

Posterior phniMigitis 
no exudate 

Tonsillitis as well i= 
pharyngitis, exudate 
common 

Nasopharyngolarv n 
gitis, no exudate 

Fevei 

Sometimes diphasic 

Rarely diphasic 

Rarely diphasic 

Compile ition« 

Bionchiolitis and 
pneumonia 

Bronchitis or bioncho 
pneumonia 

Tracheohronchopneu 
monia considered put 
of the disease, not a 
complication 

Ppidemic 

Short, with lapid 
“peaking ’ 

Prolonged and 
“grumbling” 

Prolonged 

Contacts 

Clinical picture uni 
form, although giaded 
in seventy 

Clinical pictuie van 
able with frank ton 
sillltis in contacts 

Clinical picture uni- 
form, although graded 
in seventy 

I eukocy te count 

Not diagnostic 

Not diagnostic 

Not dingnost’e 

Virus 

Influenza vans recov 
arable from pharynx 

Influenz i virus not 
( on earned 

Influenza vims not 
concerned 


* Tlic differentiation was based on the euterin of Stuart Harris and Ins associates ls 


It is mtei estmg to apply to the disease descubed the clinical cnleua 
proposed by English obseiveis foi the diffei entiation of epidemic influ- 
enza from the “febnle catanhs ” 18 In geneial the disease we describe 
fits more closely the pattern of influenza, yet certain mipoilant differ- 
ences exist as shown m the accompanying table, chief of which are the 
absence of the virus of influenza, the insidious onset, the paioxysmal 

17 Scaddmg, J G Lung Changes m Influenza, Quart J Med 6 425-U'n 
(Oct ) 1937 

18 Stuart-Harris, C H , Andrewes C H , Smith, W , Chalmers, D K if 
Cowen, E G H , and Hughes, D L A Study of Epidemic Influenza, with 
Special Reference to the 1936-1937 Epidemic, Medical Research Council Special 
Report Series, no 228 London His Majesty's Stationery Office, 1938 
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cough, sweating and the epidemiologic features The disease differs 
from the febrile catarrhs chiefly in the constitutional symptoms, the 
paucity of exudate and the uniform clinical picture 

It is probable that the disease is the same as, or similar to, that 
described by other investigators m 1938-1939, but one cannot assume 
its identity with the forms described in previous years without further 
evidence, since few attempts at differentiation with biologic methods 
were made In some of these cases the disease may have been 
true influenza, and m some, other entities It is probable that a group 
of numerous infections may cause disease of the respiratory tract of 
which the present one is a membei Only by the perfection of methods 
of identifying the causative agents can they finally be separated into 
specific entities 

Diagnosis in cases with the form of pneumonia described here is 
not difficult when many cases occur m an epidemic of similar infections, 
both of the mild and the severe type Isolated cases may be difficult 
to recognize, and m our first experiences 10 psittacosis, typhoid fever 
and pulmonary tuberculosis were often considered The possibility of 
secondary bacterial invasion and pneumonia caused by the ordinary 
varieties of bacteria must always be kept in mind 

The disease should perhaps be given a temporary general name, such 
as grip (as dissociated from true influenza), until the etiologic agent 
is discovered Many features of the disease, such as its epidemiology, 
the close resemblance to other diseases known to be caused by filtrable 
viruses, the normal leukocyte count and the absence of evident causative 
bacteria, suggest to us that a filtrable vnus is the cause, but proof is 
wanting 

SUMMARY 

An epidemic disease of the respnatoiy tract occurred m Philadelphia 
and elsewhere in the winter of 1939 Reports of similar outbreaks in 
many parts of this country and m Europe suggest that it may have been 
pandemic Of a group of 813 persons in the personnel of the Jefferson 
Medical College and Hospital, 50 per cent were ill The majority of 
patients (88 per cent) were ill with nasophaiyngolaryngitis Six per 
cent had tracheobronchitis in addition, and 6 per cent had tracheo- 
bronchopneumonia In most of the severely ill patients the lungs were 
presumably involved by the infectious agent suspected, without the agency 
of the usual varieties of bacteria There were no serious complications, 
and all the patients recovered The disease resembles epidemic influenza 
in many respects, but it is caused by a different agent It represents 
a clinical entity probably caused by a filtrable virus 
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In 1933, Hams, Ray and Ward 1 demonstrated the excretion of 
vitamin C m the urine and established a relationship between the excre- 
tion and the intake of this vitamin Since that time, a number of chemi- 
cal methods for the determination of the state of vitamin C nutation m 
man have been presented The determination of the twenty-four hour 
“resting level” of urinary excretion piesented many technical disad- 
vantages and was impiactical m the study of ambulatory patients The 
content of ascorbic acid m the fasting blood was observed to vary con- 
siderably with the recent dietary intake of vitamin C and gave only a 
rough index of the actual state of satuiation 2 The test dose method, 
m which a given dose of ascorbic acid is administered and the output in 
the urine is used as an index of saturation, was found to have many 
advantages Oral test doses of 300 to 1,000 mg were first used 3 The 

From the Department of Medicine of the New Yoik Post-Graduate Medical 
School and Hospital 

This study was aided by a grant from Merck & Co , Inc , Rahway, N J , who 
also furnished the ascorbic acid used 

1 Harris, L J , Ray, S N, and Ward, A The Excretion of Vitamin C in 
Human Urine and Its Dependence on the Dietary Intake, Biochem J 27*2011, 1933 

2 (a) Wright, I S The Present Status of the Clinical Use of Cevitamic 

Acid (Ascorbic Acid) (Crystalline Vitamin C), Am J M Sc 192 719, 1936 ( b ) 
Greenberg, L D , Rmehardt, J F, and Phatak, N M Studies on Reduced 
Ascorbic Acid Content of the Blood Plasma, Proc Soc Exper Biol & Med 35 135, 
1936 (c) Portney, B, and Wilkinson, J E Vitamin C Deficiency in Peptic 

Ulceration and Hematemesis, Brit M J 1 554, 1938 

3 (cr) Johnson, S W , and Zilvd, S S Urinary Excretion of Ascorbic and 

Dehydro-Ascorbic Acids in Man, Biochem J 28 1393, 1934 (6) Abbasy, M A , 

Harris, L J , Ray, S N , and Marrack, J R Diagnosis of Vitamin-C Sub- 
nutrition by Urine Analysis Quantitative Data— Experiments on Control Subjects, 
Lancet 2*1399, 1935 (c) Youmans, J B , Corlette, M B , Akerovd, J II, and 

Frank, H * Studies of Vitamin C Excretion and Saturation, Am J M Sc 191*319, 
1936 (d) Harris, L J , Abbasy, M A , and Yudkm, J Vitamins in Human 

Nutrition Vitamin C Reserves of Subjects of the Voluntary Hospital Class, 
Lancet 1 1488, 1936 (e) Goldsmith, G A, and Ellinger, G F Ascorbic Acid 

m Blood and Urine After Oral Administration of a Test Dose of Vitamin C 
Saturation Test, Arch Int Med 63.531 (March) 1939 
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large factor of error due to the variability of absorption and utilization 
from the gastrointestinal tract was eliminated by the mtiavenous adminis- 
tration of the test doses 4 A five horn test, aftei the intravenous 
injection of 1 Gm of ascorbic acid, was pioposed by Wright, Lilienfeld 
and MacLenathen 4a , they observed that at least 500 mg was normally 
excreted in the first twenty-four hours, 75 per cent or moie of it during 
the first five hours Tests using smaller doses (for example, 100 mg ) 
are subject to the criticism that modeiate changes m the immediately 
previous vitamin C intake or metabolism may produce proportionately 
greater changes m the lesults without indicating the tiue saturation 
state It has been stated that all vitamin C m the blood above a certain 
level spills over into the urine That this is not true is demonstiated by 
the fact that as little as 36 mg has been collected aftei a 1,000 mg test 
dose In most instances the five houi test has been highly satisfactory, 
but it was first observed in this laboiatory 5 & that a delay m the excietion 
of vitamin C occuired m some patients with impairment of renal func 
tion Sendroy and Millei G have recently pi esented similar observations 
Thus, erroneous low values may be obseived when single mine specimens 
obtained three, five, six or eight houis after any test dose of whatevei 
size, are used as criteria of the state of vitamin C nutrition As would 
be expected, the levels of vitamin C in the blood under such conditions 
are found to remain high for longei periods than are normal after the 
ingestion of the vitamin Hence, deteimmations on the blood may give 
false impiessions as to the degree of satuiation In the piesent investi- 
gation the vitamin C content of urme and blood plasma was studied 
during a twenty-four houi period following an mtiavenous test dose of 
1 Gm of ascorbic acid Subjects with and without evidence of renal 
insufficiency were studied in an effoit to evaluate the eiror due to varia- 
tions of lenal function 

4 (a) Wright, I S , Lilienfeld, A , and MacLenathen, E Dete initiation of 

Vitamin C Saturation A Five Hour Test After an Intravenous Test Dose, Arch 
Int Med 60 264 (Aug) 1937 ( b ) Hawley, E E, and Stephan, D J Rate of 

Urinary Excretion of Test Doses of Ascorbic Acid, Proc Soc Exper Biol & 
Med 34 854, 1936 (c) Ralh, E P , Friedman, G J , and Kaslow, M An 

Excretory Test for Vitamin C Deficiency and Subnutrition, Pioc Soc Exper Biol 
& Med 36 52, 1937 ( d ) Finkle, P Vitamin C Saturation Levels in the Body in 

Normal Subjects and in Various Pathological Conditions, J Clin Investigation 
16 587, 1937 ( e ) Faulkner, J M , and Taylor, F H L Observations on the 

Renal Threshold for Ascorbic Acid in Urine, ibid 17 69, 1938 

5 (a) Wright, I S, and MacLenathen, E Vitamin C Saturation — Kidney 

Retention After Intravenous Test Dose of Ascorbic Acid, Proc Soc Exper Biol 

& Med 38 55, 1938 ( b ) Wright, I S Cevitamic Acid (Ascorbic Acid, 

Crystalline Vitamin C) A Critical Analysis of Its Use m Clinical Medicine, 
Ann Int Med 12 516, 1938 

6 Sendroy, J, Jr, and Miller, B J Renal Function as a Factor m the 
Urinary Excretion of Ascorbic Acid, J Clin Investigation 18 135, 1939 
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METHOD 

Each subject was placed on a diet containing a minimum of vitamin C (less 
than 15 mg daily) for at least twelve hours preceding the test and for the twenty- 
four hours after the administration of the test dose At 9 o’clock on the morning 
of the test the patient voided, 6 cc of blood was drawn for plasma analysis and 
1 Gm of ascorbic acid, dissolved in 10 cc of physiologic solution of sodium chloride, 
was injected intravenously Complete specimens of urine were obtained exactly one 
and one-half, three and five hours after the injection, and were titrated immediately 
The remaining (nineteen hour) specimen was collected in tightly stoppered dark 
biown bottles, which contained sufficient glacial acetic acid to bring the pit to 3, 
and kept at ice box temperature This specimen was titrated immediately after 
the last micturition For a number of the patients with normal vitamin C excretion 
and for all the patients with delayed excretion, the specimen obtained on the 
twenty-fourth hour was collected and titrated apart from the rest of the nineteen 
hour specimen, blood was obtained from these patients at periods corresponding 
with the urine collections, and the plasma was analyzed for vitamin C 

The vitamin C in the mine was determined by a modification of Tillman’s 
2, 6-dichlorophenolmdophenol method 7 8 9 and m the plasma by the sodium tungstate 
precipitation method of Faimer and Abt s (Duplicate plasma determinations using 
the metaphosphoric acid technic of Farmer and Abt° gave values that agreed 
within 0 04 mg per hundred cubic centimeters) In eveiy instance the plasma 
analysis was done within thirty minutes after venipuncture, and suitable blanks 
were used in all titrations Potassium cyanide was not used as a preservative, since 
previous studies m oui own and other laboi atones 10 have shown that it reduces 
the dye and produces erroneous values 

RESULTS 

In noimal satui ated subjects the vitamin C level m the plasma 
leached a high peak about two minutes aftei the injection (chait 1) , it 
fell lapidly dui mg the fust horn and one-half and then giadually 
letuined to a point slightly above the control level at the end of twenty- 
four horns (chait 2) The late of unnary excretion of vitamin C 

7 Tillmans, J , Hirsch, P , and Jackisch, J Das Reduktionsvermogen pflanz- 
licher Lebensmittel und seme Beziehung zura Vitamin C Der Gehalt dei ver- 
schiedenen Obst- und Gemusearten an reduzierendem Stoff, Ztschr f Untersuch d 
Lebensmitt 63 241, 1932 

8 Farmei, C J, and Abt, A Ascorbic Acid Content of the Blood, Proc 
Soc Expci Biol & Med 32 1625, 1935 

9 Farmer, C J, and Abt, A Deteinunation of Reduced Ascorbic Acid in 
Small Amounts of Blood, Pioc Soc Exper Biol & Med 34 146, 1936 

10 (a) Wright, I S , and MacLenathen, E Potassium Cyanide as an Agent 
Inhibiting the Oxidation of Vitamin C m Vitro, J Lab &. Clin Med 24 808, 1939 
(b) Friedman, G J , Rubin, S H , and Kccs, W Effect of Addition of KCN to 
Whole Blood on Indophenol-Reducing Power of Plasma, Proc Soc Exper Biol 
& Med 38 358, 1938 ( c ) Farmer C, and Abt, A Invalidation of Plasma 
Ascorbic Acid Values by Use of Potassium Cjamde, ibid 38 399, 1938 (d) 
Cushman, M , and Butler, A M Use of Cvamde in the Determination of Ascorbic 
Acid, ibid 39 534, 1938 
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showed a definite relation to the level m the plasma , it was highest during 
the first fifteen minutes and remained relatively high during the first hour 
and one-half, although the fall was rapid until the fifth hour By this 
time 75 per cent or more of the total twenty-four hour output had been 
excreted The excretion rate had returned to slightly above the control 
level at the end of twenty-four hours 

In patients with impaired excietion of vitamin C and noimal 
saturation, urinary excretion of vitamin C was slow when compared with 
the concentration in the plasma Foi both mine and plasma, the return 



Chart 3 — Vitamin C in the urine and plasma of patients with delayed urinary 
excretion of the vitamin Patient I had normal, and patient II had deficient, 

vitamin C nutrition urine, I, o o, II, x — x, plasma I, • •, II, 

x x The total excretion of vitamin C, in milligrams, was as follows 



I 

II 

After one and one-half hours 

178 2 

53 5 

After five hours 

3801 

143 6 

After twenty-four hours 

602 4 

2371 


toward control levels was delayed for varying periods. In patients with 
impaired excretion, but m an unsaturated state of vitamin C nutrition, 
the vitamin C content of the plasma dropped normally although that of 
the urine showed evidence of impaired excretion (chart 3) The urine 
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appeared to give moie leliable evidence of the lenal function in regard 
to vitamin C than the plasma 

The significant data for 8 patients with evidence of unpaired vitamin 
C excretion are presented in Table 1, together with the results of other 
laboratoiy studies pertaining to lenal function The impairments of 
excietion m patients J K,J M and F M were discovered in the course 
of routine studies and there was no othei evidence to suggest renal 
insufficiency , these patients were all men over 65 years of age with 

Table 1 — Results joi Patients ivith hnpaned Vitamin C Excietion 
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Malignant hypertension 
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(in uremia) 

* After 1 Gm ascorbic acid intravenouslj 

1 Percentage of the 24 hour output excreted during the first 5 hours 
+ Computed from data of 5 hour test 
§ Maximum \ anations during Mosenthal 2 hour test 

obliteiative peripheral arteriosclerosis Patients M B , S B and M F 
all had other clinical and laboratory evidence of diminished lenal func- 
tion (The curve of ascoibic acid excietion of patient S B is compaied 
with that of a patient with normal renal function and a similar vitamin 
C deficiency in chart 4 ) In all of these patients except J P and M T , 
who were m terminal uremia when studied, the twenty-four hour plasma 
and urine vitamin C levels had returned to slightly above conti ol values 
We have interpreted this as evidence that the twenty-four hour excretion 
was a satisfactory index of saturation except m these 2 cases of far 
advanced renal insufficiency Gross errors, however, would have 1 esulted 
in every case if the three or five hour output had been used as an index 
of saturation The data for patient J K will illustrate the magnitude 
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of this error The five hour output, of 380 mg , gave evidence of a 
deficiency, whereas the twenty-four hour output, of 602 mg, was 
entirely normal 

The results of twenty-four hour excretion studies of 29 subjects with 
a wide lange of saturation levels and with various degrees of renal 
efficiency are presented m table 2 

The proportion of the twenty-four hour output of vitamin C exci eted 
dui mg the first five hours after the test dose varied from 54 to 99 per 
cent These variations appeared to depend, to some extent, on the state of 
saturation, but a very important factor was the renal function m relation 
to vitamin C The curves for vitamin C in the urine of subjects 11, 16, 



Chart 4 — Comparison of excretion of vitamin C following test dose by (I) a 
patient with normal renal function and (II) a patient with impaired renal function, 
both patients having vitamin C deficiency The total excretion of the wtamin, in 
milligrams, was as follows 



I 

II 

After one and one-half hours 

222 

SS 

After five hours 

247 

138 

After twenty-four hours 

253 

256 


The urea clearance in patient I w r as 135 per cent, in patient II, 29 per cent 


20, 23 and 26, indicated delayed exci etion , the proportion of the twent} - 
four hour output excreted m the first five hours ranged from 54 to 66 
per cent The cuives for subjects 12 and 7 showed moderately impaired 
excretion; although there was no clear laboraton evidence of impaired 
renal function, both subjects were aged men with marked peripheral 
arteriosclerosis The vitamin C excretion for the remaining 22 subjects 
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was interpreted as being within normal limits, although the five hour 
output varied from 77 to 99 per cent of the twenty-four hour output 
The five hour output was observed to become proportionately less m 
relation to the twenty-four hour output as the state of saturation 
improved This obseivation was confirmed by tests done on patients 


Table 2 — Results of Twcnty-Fow How Vitamin C Exaction Tests After 
hxtiavenous Injection of 1 Gin of Ascoibic Acid 


Actual Urinary Output of Vitamin O 
Control , — Predicted 



Vitamin 0 Plasma, 
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842 0 
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747 8 
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1 32 

414 0 
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737 6 

65 0 

86 3 

754 2 

2 25 

5 
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1 41 

377 8 

618 8 

732 3 

61 1 

84 5 

757 3 

3 27 

6 
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0 78 

352 0 

562 9 

716 8 

62 5 

78 5 

679 6 
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7 

Good 

0 95 

267 1 

483 4 

674 8 
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626 8 
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8 
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327 4 

510 8 

633 4 
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80 6 

609 0 

3 85 
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0 91 

313 6 

522 3 

624 5 
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83 6 

644 6 
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0 41 
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178 2 

3801 

602 4 
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555 6 
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4301 
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20 
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289 0 
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21 
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0 26 

237 4 

262 5 

26S 7 
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97 6 

273 0 
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22 
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0 26 

245 4 

263 3 

265 3 

93 4 
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271 3 

2 26 

23 
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0 59 

583 

138 5 

256 4 
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24 

Pair 

0 33 
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240 0 

246 4 
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97 7 

249 8 

1 33 
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143 6 

2371 
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268 3 
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194 7 
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221 7 
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95 4 

21S 8 

1 31 
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85 6 
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109 4 

0 65 

29 

Poor 
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97 4 

97 6 

97 9 

99 8 
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Mean S 12 ± 2 3 


* Percentage of the 5 hour output excreted the first 1% hours 
t Percentage of the 24 hour output excreted the first 5 hours 
f Predicted 24 hour output according to the formula m the text 

§ Percentage of error of predicted Z4 hour output when compared with actual 24 hour 
output 

II Omitted from calculation of mean due to large relative deviation 


both before and after saturation , typical results of such a study may be 
seen m chart 5 In our experience the factor of saturation does not 
account for five hour excretion percentages of less than 75 

A careful study of the accumulated data revealed a definite correlation 
between (1) the percentage of the five hour output excreted during the 
first one and one-half hours and (2) the peicentage of the twenty-four 
hour output excreted during the first five hours Accordingly, this 
correlation was analyzed as follows A graph, employing these variables, 
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Chart 5 — Effect of previous saturation on the twenty-four hour excretion of 
vitamin C after the intravenous injection of 1 Gm of ascorbic acid The patient 
received 4,600 mg of ascorbic aud orally during the five days between tests 
Before saturation, 247 mg was excreted in twenty-four hours and 240 mg (97 
per cent) m the first five hours After saturation, 732 mg was excreted m twenty- 
four hours and 618 mg (84 per cent) m the first five hours 



l£ RR./5 HR EXCRETION - 1/PER CENT 

Chart 6 — The percentage of the twenty -four output of vitamin C excreted 
during the first five hours after the test dose is plotted against the reciprocal 
of the percentage of the fi\e hour output excreted in the first one and one-half 
hours The line is drawn from the formula gnen in the text, the dots represent 
the experimental lalucs 
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was plotted from the tabulated data, and the shape of the lesultmg curve 
indicated an equation of the form y = a + b/x, with y repiesenting the 
percentage of the twenty-four hour output excreted in five hours and x 
representing the percentage of the five hour output excreted m one and 
one-half hours We set x' = 1/x and calculated the values of x' Plot- 
ting points x' and y, we found that they lay nearly on a straight line 
(chart 6) Values for a and b weie obtained fiom the data by the method 
of averages By simple substitution the following woilung foimula was 
then developed 

p ab 

^ 1 26 a — 0 27 b 

In this formula, C represents the amount of vitamin C (in milli- 
grams) excreted m twenty-four hours, a, the amount excieted in one 
and one-half hours, and b, the amount excreted in five houis 

With this formula, the data for one and one-half and five hour urine 
specimens were sufficient to predict the actual twenty-four houi output 
with a mean error of 3 12 ± 2 3 per cent and a maximum error of 13 
per cent This degree of error seemed relatively insignificant when com- 
pared with the constant and possible eirors of previously described 
urinary excretion tests 

Accordingly, we suggest the following modified technic for the 
original 4a five hour vitamin C saturation test 

Have the patient omit breakfast on the morning of the test Immediately after 
the patient has voided and discarded the preliminary urine, inject intravenously 
1 Gm of ascorbic acid dissolved in 10 cc of physiologic solution of sodium chloride 
Collect urine specimen 1 exactly one and one-half hours after the injection and 
specimen 2 exactly five hours after the injection Titration pieferably should be 
done immediately after each collection, but, if necessary, the first specimen may 
be preserved as outlined previously and titrated at the end of the test 

By means of the values obtained for specimen 1 (a) and the sum of those for 
specimens 1 and 2 (b), the predicted twenty-four hour excretion, C, may be 
calculated according to the formula C— — — — ab - — The value thus calculated 
may be termed the saturation index 

COMMENT 

This modification has retained all the advantages of the original 
five hour vitamin C saturation test 4a and has compensated for the 
error due to variations in renal function The only patients so far 
found to be unsuitable for this test were in advanced uremia Such 
patients can be readily recognized and do not present problems pri- 
marily of vitamin C nutrition Hyperavitammosis C may be easily 
produced m such patients if large repeated doses are given Parallel 
studies of the content in the plasma and the urine, followed by daily 
analyses of the plasma during vitamin C therapy, have clarified the 
interpretation of these rare exceptions 



LUDDEN-W RIGHT— RENAL RETENTION OF VITAMIN C 161 


These studies also appeared to confirm the observations of Van 
Eekelen, 11 Lund, 12 Faulkner and Taylor and Ralli, Friedman and 
Rubm 13 that a definite augmentation in the rate of vitamin C excretion 
occurred when the level in the plasma exceeded 1 2 to 1 4 mg per 
hundred cubic centimeters As the values fell below this “threshold” 
the late of excretion gradually decreased, although some vitamin C 
continued to be excreted even when the level m the plasma was 
\eiy low 

Since a definite delay of vitamin C excretion was observed in seveial 
aged persons with no other evidence of renal insufficiency, the question 
arose whether some renal impairment existed which was not determined 
by the usual tests of renal function More detailed studies and pro- 
longed observations of such patients will be necessaiy for the exact 
evaluation of this question At the present tune, we should interpret 
the data as indicating impaired vitamin C excretion when the vitamin C 
output during the first one and one-half houis aftei the test dose is 
less than half the total five hour output Such delayed excietion 
would appear to be more significant in unsaturated than m satuiated 
pei sons The use of other well established renal function tests seems 
indicated for such persons 

SUMMARY 

A modified five hour vitamin C saturation test which compensates 
foi the error due to variations in renal function is proposed 

Twenty-four hour studies of the ui inary excretion and plasma 
concentration of vitamin C after an intravenous test dose of 1 Gm of 
ascorbic acid are reported foi patients with a wide range of saturation 
levels and with various degrees of renal insufficiency 

Except for patients m the uiennc state the twenty- foui hour excre- 
tion appears to give a satisfactory index of the state of vitamin C 
nutrition The excretion during shorter test periods gives false low 
values for patients with retarded vitamin C excretion Patients with 
impaired lenal excretion of vitamin C may give no other evidence of 
icnal insufficiency 

A correlation exists between (1) the percentage of the five hour 
output excreted during the first one and one-half hours after the 

11 Van Eekelen, M On the Amount of Ascorbic Acid in Blood and Urine 
The Dailj Human Requirements for Ascorbic Acid, Biochem J 30 2291, 1936 

12 Lund, H Erne quantitative und spezifische Methode zur Ascorbinsauretitra- 
tion im Harn und zur Bestimmung des Schvellenuertes, Klin Wchnschr 16 1085, 
1937 

13 Ralli, E P , Friedman, G J , and Rubin, S H The Mechanism of 
Vitamin C Excretion in Man Studied b\ Simultaneous Vitamin C and Tnnlm 
Clearances, T Clin Imestigation 17 765, 1938 
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test dose and (2) the percentage of the twenty-four hour output excreted 
during the first five hours In view of this, a formula is presented 
by which the actual twenty-four hour output may be satisfactory 
predicted through the use of data on urine specimens obtained one and 
one-half and five hours after the test dose 

The proposed test, m oui expenence, gives a moie reliable estima- 
tion of the actual state of vitamin C satuiation than any other method 
available at this time 

In addition, an estimation of the lenal function for vitamin C may 
be obtained through the analysis of data fiom this test 



FEVER IN CONGESTIVE HEART FAILURE 

DERA KINSEY, MD 

AND 

PAUL D WHITE, M D 

BOSTON 

It is well known that fever often occurs m patients with congestive 
heart failure During the early use of the clinical thermometer 
Wunderlich 1 noted this finding, but he also said that subnormal tem- 
peratures were by no means uncommon 

In reviewing the medical literature it is surpiismg to find so little 
has been said eitbei about fever m relation to congestive heart failure 
01 concerning the fiequency with which complications occur m patients 
suffering from that disease 

Harrison’s 2 opinion, as expressed in his book entitled “Failure of 
the Circulation,” is as follows . 

Fever m some degree occurs in a large proportion of patients with congestive 
heart failure A slight increase in temperature may possibly be dependent on the 
increase m the metabolic rate which many patients exhibit, but fever of more 
considerable magnitude usually signifies infection, infarction, or thrombus forma- 
tion More commonly fever is to be ascribed to pulmonary infection 

Cohn and Steele 3 reviewed 172 cases in which symptoms or signs 
of heait failuie were piesented In 153 of these cases there were, on two 
or moie occasions, elevations of rectal temperature to at least 100 F In 
49 cases the occurrence of fever was without satisfactory explanation, 
and aftei completing their study the authois came to the conclusion that 
heart failure alone could cause fever, by mlerfeience with heat loss In 
only 9 cases of their series, howevei, were postmortem examinations 
made 

PRESENT STUDY 

We have leviewed the cases of 200 patients with congestive heart 
failure who w r ere admitted to the Massachusetts General Hospital from 
1933 to 1938 These cases include all t} pes of cardiac disease In every 

Fiom the Medical Clinic of the Massachusetts General Hospital 

Read at the Annual Meeting of the American Heart Association, St Louis, 
May 12, 1939 

1 Wunderlich, C R A On the Temperature m Diseases A Manual of 
Medical Thermometry, London, New S}dcnham Societj, 1871, pp 430 and 431 

2 Harrison, T R Failure of the Circulation, Baltimore, Williams &. Wil- 
kins Compam , 1936, p 264 

3 Cohn, A E, and Steele, J M Unexplained Fe\er m Heart Failure, J 
Clm Imestigation 13 853, 1934 
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instance rectal tempeiatuie readings were taken 4 Postmen tem examina- 
tions weie made of SO of the 81 patients who died m the hospital We 
have classified the grades of fever and of heait failuie as follows 

Type and Grade of Heart Failure 5 — (1) Left ventucular failuie 
alone — dyspnea, with or (usually) without moist lales at the bases of 
the lungs, accentuation of the second pulmonaiy heart sound, diastolic 
gallop at the cardiac apex and pulsus alternans, (2) slight to moderate 
right ventricular failure — enlargement of the liver and slight to moderate 
dependent edema, (3) maiked right ventricular failuie — anasaica 

Grade of Fevet — (0) no fever, (1) slight fevei — not ovei 1 degree 
(100 4 F, rectal) , (2) moderate fever — 1 to 2 5 degrees, (3) ovei 2 5 
degrees 


Table 1 — Entiie Gioup (200 Patients, Including 50 Examined Post Moitem) 
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Entn e Set tes — Of the 200 patients studied (table 1), 127 were males 
and 73 were females, 16 had left ventricular failure alone, 71 slight to 
moderate right ventricular failure, and 113, or ovei half, marked right 
ventricular failure Twenty-two patients were below 20 yeais of age, 

4 Oral temperatures are notoriously unreliable as an indication of internal 
body temperature in the presence of dyspnea, which so often necessitates mouth 
bieathmg with resultant cooling and drying of the mucous membranes of the mouth 

5 Left ventricular failure alone, usually based on the symptom of dyspnea m 
cases with cardiac enlargement secondary to systemic hypertension, aortic valvular 
disease or large myocardial infarcts, is graded as 1 with reference to extent of 
stasis, moderate or marked pulmonary vascular engorgement occurring only trans- 
iently in attacks of paroxysmal dyspnea in a few of the cases , right ventricular 
failure, as a rule secondary either to failure of the left ventricle or to disease of the 
mitral valve, is graded as 2 and 3, respectively, because of the obvious and chronic 
generalized stasis m the systemic circulation 
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36 were from 20 to 40, 78 were fiom 40 to 60, and 64 weie from 60 
to 80 As to the cause, lheumatic heart disease heads the list, with a 
total of 80 patients (40 per cent) , 77 other patients had hypertensive, 
hypertensive and coionary or coronary heart disease, while the remaining 
43 had one of the various other types of disease of the heait Only 4 
patients of the whole series of 200 were entirely fiee fiom fever dui mg 
their stay m the hospital, and yet 3 of these 4 patients had model ate 
failure and 1 had marked failuie It is interesting to note that 48, or 
less than 50 per cent, of the 113 patients with maiked failure had fever 
of ovei 2 5 degrees, whereas 8 of the 16, or exactly 50 per cent, of the 
gi oup with slight failure had fever of over 2 5 degrees 

Table 2 — Cases in Which Autopsy Was Performed 
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Fatal Termination , Autopsy Performed — Table 2 presents data for 
the 50 cases in which autops} was performed There w r ere 5 patients 
with grade 1 heait failure m this gioup, 1 of whom had 2 5 degrees of 
fevei and others o\ ei 2 5 degrees All 5 patients had complications 
Tlnee had pulmonary infarction, 2 had bronchopneumonia, and 1 had 
acute coionary thrombosis 

In the same gioup of 50 patients there weie 18 with giade 2 heait 
failuie One had 1 degree of fei er, 1 up to 2 5 degrees and the remaining 
16 o\er 2 5 degrees. All 18 had complications several more than one 
Six had pulmonary mfaiction, 8 bronchopneumonia, 1 pneumonitis, 3 
actne lheumatic infection 4 acute coronary thrombosis and 4 other com- 
plications as listed m table 2 
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Twenty-seven of the 50 patients had grade 3, or marked, heart failure 
One had up to 1 degree F of fevei , 12, up to 2 5 degrees, and 14, over 

2 5 degrees All 27 had complications Fifteen had pulmonary infarc- 
tion, 10 bronchopneumonia, 2 pneumonitis, 5 acute rheumatic infection, 

3 acute coronal y thrombosis and 7 one of the other complications noted 
m the table 

In this group of 50 patients theie were none without fever and, like- 
wise, none without at least one complication that could be responsible for 
fever In several instances there was more than one complication that 
might have caused the fever 

Table 3 — Fatal Cases m Which No Autopsy Was Perfoi vied 
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Thus, of these 50 patients, a total of 48 per cent had pulmonary infarc- 
tion, 40 per cent bronchopneumonia, 16 per cent acute rheumatic infection 
and 16 per cent acute coronary thrombosis There was no patient with 
congestive heart failure alone and no patient without fever 

Fatal Termination, No Autopsy — Table 3 presents data for the 31 
patients m whose cases death occuried and autopsy was not performed 
In this group 1 patient had grade 1 heart failure, 14 grade 2 failure and 
16 grade 3, or marked failure Twenty-seven of the 31 patients had a 
known complication that could account for fever, and the remaining 4 
patients had questionable complications — that is, complications were 
suspected but not definitely diagnosed In this entire group of 31 
patients, 29 per cent had pulmonary infarction, 16 1 per cent broncho- 
pneumonia, 29 per cent active rheumatic infection and 6 4 per cent acute 
coronary thrombosis 
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Suwivmg Gump — Table 4 piesents data for the surviving group — 
that is, the patients that weie discharged alive from the hospital In 
this group of 119 patients, 10 had grade 1 heart failure, 38 grade 2 
failure and 71 grade 3, oi marked, failure The incidence of fever 
m relation to heart failure was approximately the same as it was m the 
pievious groups, but complications were diagnosed less frequently 
Fourteen per cent of the patients had pulmonary mfaiction, 7 5 pei cent 
bronchopneumonia and 17 6 pei cent active rheumatic infection The 
diagnosis of acute coronary thrombosis was not made In 28 patients a 
complication was suspected, but m 26 others it was neither diagnosed nor 
suspected Of the lattei 26 patients, 4 had no fever and 16 had fever 


Table 4 — Swvivmg Gioup 
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of onl> 1 degiee (F ) Pei haps if a moie diligent effoit had been 
made to deteimme the cause of obscuie fever in these cases, a greater 
numbei of complications might have been found 

COMMENT. 

Cohn and Steele" 5 obsened that m their series of cases feier and 
heart failure disappeaied simultaneously We ha\e not found this to be 
true m om senes, instead, it is apparent that m many instances the 
delation m temperaluic was related to the complication rather than to 
the heait failure, occunmg as it did with or aftei the deielopment 
of a complication Foi example, 1 patient a 24 \eai old man, entcied 
the hospital m Noi ember 1935, the diagnosis included rheumatic heart 
disease, mitral stenosis and regurgitation, auricular fibrillation and 
marked heart failure He remained m the hospital three weeks, during 
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which time he was fever free and there was no evidence of active infec- 
tion He was readmitted on Jan 17, 1936, with marked heart failure, 
as before, and remained m the hospital until March, during this time 
leukocytosis developed, and he had other evidence of active rheumatic 
infection • His temperature became elevated to 101 4 F (rectal) 

In the cases of some of our patients who were admitted with con- 
gestive heart failure and a complication such as bronchopneumonia or 
pulmonary infarction, the fever, heart failure and complication all 
subsided simultaneously In a number of these instances it is certain 
that the complication was the chief factor responsible for the heart 
failure 

It has been asked whether complications may not occur without 
fever No doubt this is occasionally true, as shown by one of our 
patients, who had two hospital visits A girl 13 years of age was 
admitted to the hospital Oct 25, 1935 The diagnosis was rheumatic 
heart disease with mitral stenosis and regurgitation, active rheumatic 
infection and marked congestive heart failure She had leukocytosis 
throughout her nine day stay in the hospital, the highest count being 
20,000, but at no time did her rectal temperature go above 99 4 F The 
patient was readmitted Aug 24, 1936, with the same diagnosis, and died 
Nov 8, 1936 During this period her rectal temperature remained below 
99 4 F for the most part , on one occasion it was elevated to 101 F 

Our experience m this case, and in other cases of infectious disease 
not m the present series demonstrates the well recognized facts (1) that 
sometimes infections occur without fever, (2) that for certain persons 
a high “normal” temperature really means fever and (3) that, con- 
versely, half a degree or so of “fever” may be normal for certain persons 
when excited or very restless All of these considerations must be taken 
into account in each case of congestive heart failure as much as in a 
case of any other disease 

No doubt small infarctions of the heart or lung may occur without 
causing fever, as is true of active rheumatic fever, or the fever in these 
conditions may be of short duration or unusual periodicity so that it is 
missed, unless the temperature is taken often 

Only 1 case of congestive heart failure precipitated by paroxysmal 
tachycardia was included in our study A small boy, 4 years of age, had 
two admissions to the hospital At the time of the first hospitalization, 
from May 13 to June 22, 1933, the diagnosis was paroxysmal tachycardia 
and acute tonsillitis The temperature was elevated during the first part 
of the stay m the hospital, as a result of the tonsillitis, the highest reading 
being 102 F (rectal) Mild congestive failure developed after pro- 
longed paroxysmal tachycardia The second admission was on July 20, 
1933, and the patient died seven days later, after a cerebral infarction, 
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which occurred early on the day of death Postmortem observations 
weie as follows cardiac hypertrophy, mural thrombus, left ventricular 
wall; ceiebral embolism and infarction, congenital bicuspid aortic valve; 
endocarditis, diffuse thickening of the endocardium, bilateral hydro- 
thoiax, hydi opencardium, and pulmonary congestion The lectal 
lempeiature at no time was higher than 994 F until the seventh day, 
befoie death, when, owing to the cerebral infarction, it was 101 8 F 
Emerson, 0 in discussing pulmonary infarction, noted that patients 
often show temperatures of 99 to 100 F daily for a week or two 
previous to pulmonaiy infarction — evidence probably of thrombophle- 
bitis Assuming that this is true, it is possible that a ceitam number 
of patients may have concealed thrombophlebitis which would account 
foi fever, without actual development of pulmonaiy infarction 

The basal metabolic late m some cases of congestive heart failuie 
is consideiably above the normal level The cause of this elevation is 
not entirely understood, but it is thought to be due to the increased woik 
of the body as a result of such symptoms as dyspnea and cough , also, the 
myocaidium itself consumes more than its normal amount of oxygen, 
owing to its inci eased bulk and inefficiency In our series, however, the 
basal metabolic late was elevated to plus 20 per cent or more m only 
3 of the 12 cases of congestive failure in which the rate was detei mined 
In none of the 3 was there thyiotoxicosis, so fai as could be detei mined 
No basal metabolic rate was as high as plus 40 per cent, despite the 
piesence of fevei m all 12 patients and of complications m most of them 
A complication inducing fever is probably moie likely than is congestive 
heait failuie itself to laise the basal metabolic rate 

SUMMARY AND CONCLUSIONS 

Two hundred cases of congestive heart failure have been reviewed 
to deleimme the incidence and cause of fevei in this condition 

In 81 of the cases the patients died, and m 50 cases autopsy was 
pei formed At least one complication was found in each of these 50 
cases to which might be attnbuted the fever that had been present In all 
of the remaining 31 cases in which autopsy was not perfoimcd fever 
was piesent, and m 27 of these a complication which could account for 
fc\ei w r as found, m the othei 4 cases such a complication was suspected 
but w as not proved 

In 119 cases the patients survned, fc\er w r as present m all but 4, and 
in these 4 cases no complications u'ere found A complication was diag- 
nosed or suspected m 93 of the 119 cases In 22 cases in which fever 

6 Emerson, C P , m Cecil, R L A Textbook of Medicine, cd A, Philadelphia, 
\V B Saunders Compam, 1937, p 866 
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was present a complication was neither diagnosed nor suspected , m 16 of 
these the fever was of only 1 degree (F ) or less 

Thus, although congestive heart failure alone may possibly explain 
up to 1 degree of fever, there was almost invariably some underlying 
complication to account m general for fevei in the cases of congestive 
heart failure which we have studied In order of frequency the four most 
common complications were pulmonaiy infarction, pulmonary infec- 
tion (especially bronchopneumonia), active rheumatic infection and 
acute coionary thrombosis 

Fever of any grade m a case of congestive heart failure should be 
considered as probable evidence of some complicating condition, which 
not only frequently explains intractability to treatment but also may be 
the cause of death, which rarely occuis with heart failure alone 
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In a previous communication 1 we reported that salrvary ptyalm is 
diminished m the aged The present study was undertaken to determine 
the activity under fasting conditions of the enzymes m saliva, m gastric 
juice and m duodenal juice by several of the newer enzyme methods 
as well as to compare any further differences in enzyme actn lty between 
these y anous secretions in young and in old persons 

MATERIAL AND METHOD 

A total of 61 subjects were tested, 29 of them being between 60 and 96 y ears 
of age and the remainder 32, waning in age from 12 to 60 3 ears Normal subjects 
were tested, but most of the members of the older age group showed one or another 
of the infirmities of old age Most of the old subjects were residents of a home 
for the aged The younger group consisted of suitable clinical patients, interns and 
graduate students 

The ptyalm content of the sain a was tested by tv o methods (a) the Wohl- 
gemuth method as described by Hawk and Bergheim - one unit of ptyalm is 
expressed as the amount required to digest 5 cc of a 2 per cent starch solution 
to the achromic point, and (b) the method of Ross and Shaw , 3 one unit of 
amylase is the amount of enzyme which will liberate 5 mg of maltose under the 
conditions described m this communication 

For determination of the values for pepsin and trypsin we used the methods of 
Anson and Mirsky ■* Pepsin The activity of the enzyme is determined by r com- 
paring its ability to form ty rosme m five minutes with a standard solution containing 
0 15 mg of tyrosine Trypsin The tyrosine formed by the enzyme in five minutes 
is compared v ith a standard solution containing 0 25 mg of tyrosine 

From the Departments of Medicine, of Gastrointestinal Research and of 
Chemistry, Michael Reese Hospital 

1 Meyer, J ; Golden, J S , Sterner, N, and Necheles, H The Ptyalm 
Content of Human Saliva in Old Age, Am. J Physiol 119 600, 1937 

2 Hawk. P R., and Bergheim, O Practical Physiological Chemistry, ed 10, 
Philadelphia, P Blakiston’s Son & Co , 1931, p 263 

3 Ross J R., ana Shaw, M M Determmataion of Pancreatic Amvlase, 
J Biol Chem 104 131, 1934 

4 Anson, M L, and Mirsky, A. E * Determination of Proteases, J Gen 
Physiol 16-59, 1932 17:151, 1933 
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For determination of lipase the method of Cherry and Crandell 5 was used, 
after an incubation period of twenty-four hours the fatty acids are titrated with 
one-twentieth normal sodium hydroxide 

All observations were made on fasting subjects, and the samples were put into 
an ice box immediately after collection The saliva was collected after rinsing 
the mouth with water The gastric and duodenal juices were aspirated by a rubber 
tube with a double lumen as used by Miller and Abbot 0 One tube, with a duodenal 
bucket attached to the tip, went down to the duodenum, and the other had 
openings approximately IS cm above this point for aspiration of the gastric con- 
tents These contents were continuously aspirated by siphonage into the flask which 
was placed about 30 inches (75 cm ) below the level of the stomach, while the 
duodenal juice was aspirated by syringe The first samples were discarded, and 
only the bile-stained alkaline juice was tested One hour was generally required 
to intubate the duodenum In about IS per cent of all cases we did not obtain 
the duodenal juice, because the tube was doubled m the stomach or would not pass 
into the duodenum 

RESULTS AND COMMENT 

The concentration of ptyalin in the saliva of old persons as 
determined by the Wohlgemuth method is less than one third of the 
amount present m the saliva of young persons, but by the method of 
Ross and Shaw the concentration of ptyalm for the older group is about 
two thirds of that for the control group (chart 1) Olson, Fncke and 
Kaja 7 assumed the presence of two enzymes m saliva, which are differ- 
entiated by their effect on carbohydrates, the amyloclastic action and 
the maltose-forming effect The Wohlgemuth iodine reaction shows 
only the digestion of starch to achroodextnn (amyloclastic action), 
whereas the other method indicates the amount of maltose formed This 
fact may explain the difference in our results as obtained by these two 
methods The concentration of sodium chloride in the enzyme systems 
tested by the two methods may influence the results, but we found that 
different concentrations of sodium chloride affected the results very 
little It is evident that m aged persons salivary amylase is decreased 
This confirms our previous studies 

The concentration of pancreatic amylase (chart 2) is subnormal in 
old age It is intei esting to note that in the age group between 81 and 
100 we found values which reached the average level foi the younger 
group The higher value for panel eatic amylase may be a substitute 
for the lower value for salivary ptyalin m old age Our results suggest 
that completion of the digestion of carbohydrates is not maikedly dis- 
turbed m the aged 

5 Cherry, J S , and Crandell, L A The Specificity of Pancreatic Lipase, 
Am J Physiol 100 2 66, 1932 

6 Miller, J G, and Abbot, W O Intestinal Intubation A Practical 
Technique, Am J M Sc 187 595, 1937 

7 Olson, Fricke and Kaja, cited by Oppenheimer, C Die Enzyme und ihre 
Wirkungen, The Hague, W Junk, 1933 
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Chart 1 — A , salivary ptyalin estimated by the Shaw and Ross method The 
enzyme activity falls little in the oldei age groups, although a downward trend is 
evident The reaction is carried to completion, 1 e , to the formation of maltose 
B, salivary ptyalin estimated by the Wohlgemuth method The concentration of 
ptyalin falls markedly about the sixtieth year of life This reaction involves only 
the first step m the breakdown of starch to achroodextrin (amyloclastic action) 



Chart 2 — Pancreatic amylase This graph is rather similar to chart 1 A, except 
that the units are much less It is obvious from the chart that the aged need suffer 
no embarrassment of carbohydrate digestion 
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We detei mined the values for free and total acid as well as foi pepsin 
in all cases In about 35 pei cent of the younger subjects and m about 
65 per cent of the aged subjects theie was no free acid m the “fasting” 
gastric contents Occasionally we found a relatively high value for 
pepsin, but we could not find any con elation between the concentrations 
of acid and pepsin m “fasting” gastiic juice We found a steady drop 
m acidity with advancing age Similai observations have been pub- 
lished by Bloomfield, 8 Sagal, Marks and Kantor 9 and others Mullins 
and Flood 10 found a high correlation between acid and pepsin secietion 
m lesponse to a test meal, though exceptions were not infrequent In 
general, a high value foi acid was likely to be accompanied by a high 
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Chart 3 — Pepsin The concentration falls sharply during the seventh decade 
of life and after that maintains a rather constant low value 

value for pepsin, and vice versa According to our obseivations there 
was no evidence of such relations m “fasting” gastric juice 

The concentration of pepsin (chart 3) is low m old persons In the 
younger group it shows gieat variability, but it has rather constant low 
values for old persons Osterberg, Vanzant, Alvai ez and Rivers 11 

8 Bloomfield, A L The Mechanism of Decrease of Gastric Secretion with 
Advancing Years, Am J M Sc 190 325, 1935 

9 Sagal, Z , Marks, J A , and Kantor, J L The Clinical Significance of 
Gastric Acidity, Ann Int Med 7 76, 1933 

10 Mullins, C R , and Flood, C A A Study of Gastric Pepsin in Various 
Diseases, J Clin Investigation 14 793, 1935 

11 Osterberg, A E , Vanzant, F R , Alvarez, W C, and Rivers, A B 
Studies of Pepsin m Human Gastric Juice, Am J Digest Dis & Nutrition 3 35, 
1936 
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made analyses of gastiic juice of 6,200 patients and our observations 
paiallel theirs closely m that values foi pepsin fluctuated widely m the 
cases of young persons These authors found the secretion of pepsin 
to decrease with age much as does the secietion of acid 

The concentiation of tiypsm (chart 4) m our cases was similar to 
that of pepsin except that the values foi the younger gioup did not 
show such extieme variations as in the case of pepsin and that a diop 
m the values after the foitieth year of life was obseived 

Both proteolytic enzymes weie present in the aged, m a concentiation 
one fouith that in the control gioup It is usually stated that the 
panel eas secretes when the gastiic hydrochloric acid acts on the duodenal 
mucosa We found no evidence of pancreatic hypof unction m cases of 
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Chart 4 — Trypsin The tryptic activity falls sharply aftei the fortieth year 
of life The proteolytic powers of pancreatic juice bear no relation to gastric 
acidity 


achlorhydria oi subacidity This point may be illustrated by means of 
two typical protocols, one fiom the control and one from the old age 
group 

Relation of Gastric Acidity to Pancreatic Activity 

E L , aged 42 NS, aged 76 


Free acid 
Total acid 
Pancreatic amylase 
Pancreatic trypsm 
Pancreatic lipase 


0 

0 

12 units 
0 034 mg 
3 35 cc 


0 

0 

16 units 
0 006 mg 
2 42 cc. 


In the first case the concentrations of the three enzymes were within 
normal limits, m the second case amylase and lipase showed normal 
values, trypsin being diminished but falling m line with our results for 
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old persons McClure 12 stated that the normochyhc reaction is char- 
acterized by an ample quantity of pancreatic juice of low enzyme 
concentration, whereas the achylic is characterized by a smaller quantity 
of juice of higher enzyme concenti ation Calculating the average total 
quantity of trypsin, McCluie concluded with regard to the digestive 
function that the secretion of duodenal juice both in the achylic and in 
the normochyhc subject finally attains the same efficiency 

It should be emphasized that in our own series enzyme activity, 
determined on fasting persons, showed no correlation between gastric 
acidity and trypsin concentration The mam determinant of the activity 
of trypsin is apparently age McClure’s subjects were fed a bread meal 
to stimulate duodenal secretion, and the trypsin concentration was 



Chart 5 — Pancreatic lipase The lipolytic activity of pancratic juice is variable 
and is dependent neither on gastric acidity nor on the age of the subject 

apparently conditioned by the gastric acidity In view of out own 
findings m fasting subjects, his conclusions may be subject to some 
doubt Furthermore, the values for trypsm obtained by us showed the 
maximum enzyme activity of each individual sample, since the analytic 
method employed avails itself of the optimum pu for the reaction 
It is known that the concentration of lipase m pancreatic juice is 
subject to great variation This also is m keeping with oui results 
We found that the activity of lipase (chart 5) is slightly diminished 
m the aged, but it is unlikely that the diminished activity interferes 
with the hydrolysis of fat in the food 

12 McClure, C W Functional Activities of the Pancreas and Liver A 
Study of Objectrve Methods for the Estimation of Function Levels in Health and 
Disease, New York, Medical Authors’ Pub Co , 1937 
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The aveiage values for all enzymes foi our female subjects, both old 
and young, weie slightly lower than those for males 

There is no literature concerning the activity of enzymes m old age 
In spite of the low concentration of the proteolytic enzymes indicated 
by our results, nothing has been wiitten about special difficulties of old 
persons m the digestion of proteins The problem of mastication often 
necessitates the use of a soft diet which is relatively high in carbohydrate 
and low in piotems It is known that institutions for the aged serve 
a diet high m carbohydrate and low in proteins As we have noted, the 
digestion of carbohydrates is not markedly disturbed m old peisons 
It is likely that, even though the concentration of proteolytic enzymes 
is low, it is adequate to meet the lequirements of the small protein 
intake We are aware from clinical experience that there are old 
persons whose protein intake is fairly large and who have no difficulty 
m digestion It is possible that the chaiacter of the food may be a 
factor m the secretory response 

It would be of interest to determine the secretory responses to 
vanous types of food and to various stimulants of gastric and pancreatic 
secretion, such as histamine, alcohol, olive oil and secretin This we 
hope to report in the future 

The question might be raised whether our results are due to physio- 
logic changes or to gastritis, which may accompany old age None of the 
subjects had a histoiy of gastritis or symptoms indicating clinical 
gastritis, we therefore regaid them as normal old persons It would 
be extiemely mteiestmg to con elate our results with gastroscopic 
observations This we hope to do at a future date 

* SUMMARY 

1 The fasting concentiations of salivary ptyalm, of gastric pepsin 
and of pancreatic amylase, tiypsm and lipase weie determined in a 
group of 32 subjects between 12 and 60 years of age and in a group 
of 29 subjects between 60 and 96 years of age 

2 Old persons show a deficiency m the concentration of salivary 
amylase and slightly subnormal values m the concentration of panel eatic 
amylase 

3 Both proteolytic enzymes (pepsin and tiypsm) are diminished m 
the aged and therefore cannot compensate for each other 

4 The concentration of lipase was found to be relatively unchanged 
in old age 

5 Subacidity and anacidity did not influence either the activity of the 
proteolytic enzymes or the secretory action of the pancreas 

6 These studies may be important m the dietary management of old 
persons 
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When man assumed an upright posture he added appreciably to the 
adaptive needs of his circulation New vasomotor regulations became 
necessary to counteract the effects of gravity Inadequacies of these 
regulatory processes, whether congenital or acquired, are of importance 
to the clinician, who is confronted not infrequently with patients pre- 
senting untowaid symptoms after a change m posture Although the 
effects of gravity are gi eater on the venous than on the arteiial side, 
there are so many factors which compensate for this primary effect 
on the venous return that the net change in the circulation produced 
by change in position can best be studied m terms of cardiac output 
The reports in the literature on the effect of change of posture on cardiac 
output are so conflicting that a cori oborative study of this subject by 
the highly satisfactoiy Grollman method was undertaken 

From the Medical Service of Dr I W Held and the Laboratory Department 
of the Beth Israel Hospital 

This study was made possible through the establishment of a fund for this 
purpose by Henry W Dazian 
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MATERIAL AND METHOD 

In the present study (the sixth in a series “Clinical Studies in Circulatory 
Adjustments” 1 ), cardiac output after alteration of posture was determined for 6 
normal subjects, 5 hypertensive subjects, 3 patients with neurocirculatory asthenia, 
5 patients with organic heart disease (chronic cardiac valvular disease and disease 
of the coronary arteries) and 4 patients with anemia 

A modification of the Grollman acetylene method was utilized according to the 
specifications published in another papei by one of us lc The Grollman method 
is preferable to others m that it is the simplest and the least objectionable to the 
patient 

The normal subjects were interns and laboratory attendants, the patients were 
from the inpatient and outpatient departments of the hospital The tests were per- 
formed at least six to eight hours after the subject had eaten a meal, and the 
determinations were made with the subject in four positions (1) recumbent, 
(2) with feet elevated, (3) sitting and (4) standing The subject was kept m 
the recumbent position for an hour to allow an approach to a basal state, tight 
clothes were loosened and shoes removed, a small pillow was used to add to the 
comfort of this position At the end of the hour the pulse, blood pressure and 
oxygen consumption were determined, followed by determination of the value for 
arteriovenous oxygen difference After fifteen minutes the acetylene rebreathmg was 
repeated The patient’s lower extremities were then elevated by raising the lower 
third of the bed to an angle of 45 degrees with the body This position was 
maintained for thirty minutes, aftei which time the determinations were made, the 
rebreathing was repeated in fifteen minutes This check was carried out with the 
subject in each position Subsequently the subject was allowed to sit in a comfort- 
able chair with the back supported for one-half hour, when the determinations again 
were made After this the standing position was assumed for a thirty minute period 
Whenever possible the tests were performed with the subject in the four positions 
In some instances, however, it was necessary to shorten the procedure, omitting 
the sitting posture, since it represents an intermediate stage between the recumbent 
and the upright position The study of the 23 subjects included a total of seventy- 
eight positions 

SUMMARY OF FINDINGS 

Analysis of the 6 normal subjects (see table) showed that change of position 
had practically no effect on blood pressure With the subject standing there was 
a slight increase in pulse rate The cardiac output remained practically unchanged 
with all positions, but the cardiac stroke was diminished when the subject stood 
or assumed the position of recumbency with the feet elevated 

1 (a) Goldbloom, A A , Libm, I , and Roht, P K Clinical Studies in Cir- 
culatory Adjustments I Clinical Evaluation of Studies of Circulating Blood 
Volume, Arch Int Med 55 484 (March) 1935 (6) Goldbloom, A A , and 
Bauer, H E Clinical Studies m Circulatory Adjustments II Venous Pressure, 
a Simple Bedside Method, Collect Papers New York Homeop M Coll 1 45, 1935 
(c) Goldbloom, A A , and Roht, P K Clinical Studies m Circulatory Adjust- 
ments III Clinical Evaluation of Cardiac Output Studies, Internat Clin 3 206, 
1936 ( d ) Rothschild, M A , and Goldbloom, A A Clinical Studies in Circu- 

latory Adjustments IV Obliterating Pulmonary Arteritis with Secondary Pul- 
monary Changes and Right Ventriculai Hypertrophy , Report of a Case with 
Autopsy, Arch Int Med 61 600 (April) 1938 (e) Goldbloom, A A , and 
Lieberson, A Clinical Studies in Circulatory Adjustments V Clinical Evalua- 
tion of Cardiodynamic Studies, Am J M Sc 197 182, 1939 
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The patients with hypertension had a slightly increased pulse rate m the stand- 
ing and sitting positions There was no significant change in cardiac output with 
the various positions The cardiac stroke was slightly increased with elevation 
of the feet but was essentially unchanged with all the other postures 

The group of patients with neurocirculatory asthenia had an increased pulse 
rate in the sitting and standing positions Cardiac output and cardiac stroke, 
however, were not significantly altered 

The patients with organic heart disease showed a slight increase in cardiac 
output in the upright positions, especially in the sitting posture These findings 
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are based on limited determinations for the upright and sitting positions because 
of the orthopnea of the patients Care must be exercised, therefore, in inter- 
preting the results 

Patients with various types of anemia also failed to show any significant change 
in the cardiac output on change of position 


GENERAL COMMENT 

When one assumes the upright position, gravity exerts an effect on 
both the arterial and the venous tree, but especially on the latter, with 
its comparatively low head of pressure As Hess 2 has pointed out, the 

2 Hess, W R Die Gesetze der Hydrostatik und Hydrodynamik, in Bethe, 
A , von Bergmann, G , Embden, G, and Ellinger, A Handbuch der normalen 
und pathologischen Physiologie, Berlin, Julius Springer, 1927, vol 7, pp 888-933 
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cuculation is established to the advantage of the lower half of the body 
The effect on the circulation is not marked if the venous side can main- 
tain the return blood flow to the heait Definite quantities of blood 
stagnate, however, m the lower extremities, as Atzlei and Heibst 3 
showed m their plethysmographic studies and Parnsius 4 with the 
capillary microscope There is, furthermore, a diminution of the cnculat- 
mg blood volume with the body m the upright position, accoidmg to 
Eppmgei, 5 the blood stagnating in the blood depots of the hepatic- 
splanchnic region and the subpapillary cutaneous plexus 

The mci eased difficulty of venous leturn caused by 1 educing the 
diastolic filling of the heait would normally result m a lessened cardiac 
output, according to Starling’s “law of the heart ” There are, however, 
several important physiologic mechanisms which compensate m great 
part foi this drop m stroke volume Perhaps the most impoitant of 
these is the carotid sinus apparatus, which suffers a diminution of tone 
when the stroke volume and blood pressure m the aorta fall This 
produces reflexly an increase m pulse rate and a narrowing of the 
peripheral arterioles, with a resultant rise m diastolic pressure It is 
likely that an insufficient blood supply to the vasomotoi centers of the 
medulla acts m conjunction with the carotid smus reflex to produce 
these effects Less known reflexes from muscles, tendons, aiticular 
sui faces and walls of blood vessels in the lower extremities also may 
play a role Thus, a change from a prone to an upright posture produces 
noimally an average rise of 10 to 12 pulse beats and 8 to 10 mm of 
diastolic piessure, with a veiy slight drop (0 to 4 mm ) m systolic blood 
piessure at the brachial artery (Ghnst 6 ) 

In general, these compensatory mechanisms suffice m the noimal 
pei son to prevent distress When gravitational shock does occur m 
man, some other disturbance of the cnculatoiy mechanism is piesent 
(Macleod 7 ) One encounteis gravitational shock clinically m soldiers 
who have been standing rigidly at attention for too long a period, m 
vasolabile persons, in patients convalescing from seveie illness and in 

3 Atzler, E, and Herbst, R Die Schwankungen des Fussvolumens und 
deren Beemflussung, Ztschr f d ges exper Med 38 137, 1923 

4 Parnsius, W Der Blutstrom in den Hautkapillaren in verschiedenen 
Korperregionen bei wechselnder Korperlage, Deutsches Arch f khn Med 141 
243, 1922 

5 Eppinger, H Zur Pathologie der ICreislaufcorrelationen, in Bethe, A , 
von Bergmann, G , Embden, G , and Elhnger, A Handbuch der normalen 
und pathologischen Physiologie, Berlin, Julius Springer, 1931, vol 16, p 2 

6 Ghrist, D G Circulation and Postural Change Adjustments in Health 
and Disease, California & West Med 39 161, 1933 

7 Macleod, J J R Physiology in Modern Medicine, ed 8, edited by P 
Bard, St Louis, C V Mosby Company, 1938 
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normal persons after vigorous exeicise (Mateeff and Petroff 8 ) It is 
usually explained as due to lack of the normal pumping action of the 
muscles and to ischemia of the vasomotor center because of reduced 
stroke volume 

There is also a distinct clinical gioup of patients with “postural 
hypotension” who have syncopal attacks on alteiation of position 
(Herz , 9 Munzer , 10 Martini and Pieiach , 11 Bradbury and Eggle- 
ston 12 ) They sustain a marked drop m blood pressure on assuming 
the upright position, but the pulse rate remains slow and unchanged 
Similar effects on blood pressure and attacks of syncope are frequently 
seen m cases of Addison’s disease, but in this condition the pulse is 
usually rapid 

The effects of postural change aie more marked than normally in 
pei sons with varicose veins or with acrocyanosis Wollheim 13 has 
described such persons as presenting marked stasis in the subpapillary 
plexus, with consequent diminution in the cn dilating blood volume when 
the body is m the upright position 

From these clinical observations it would appear that gravity has an 
effect on the circulation which in the mam is compensated for in the 
average person When one comes to the more scientific study of this 
subject, however, one encounters a confusing picture Historically the 
problem of alteration m cardiac output due to change in position was 
first appioached thiough roentgen studies of the cardiac silhouette 
Moritz , 14 Dietlen 15 Vaquez , 16 Groedel 17 and others leported smallei 

8 Mateeff, D , and Petroff, C Gravitationsshock beim Menschen nach 
Muskelarbeit, Ztschr f d ges exper Med 85 115, 1932 

9 Herz, M Ueber Bradykardie, Hypotonie und hypotomsche Bradykardie, 
Wien klin Wchnschr 23 768, 1910 

10 Munzer, E Zur Lehre von den vaskularen Hypotonien, Wien klm 
Wchnschr 23 1341, 1910 

11 Martini, P , and Pierach, A Die niedere Blutdruck und der Symptomen- 
komplex der Hypotonie, Klin Wchnschr 5 1857, 1926 

12 Bradbury, S , and Eggleston, C Postural Hypotension, Am Heart J 
1 73, 1925 

13 Wollheim, E Die zirkuherende Blutmenge und lhre Bedeutung fur 
Kompensation und Dekompensation des Kreislaufs, Ztschr f klm Med 116 
269, 1931 

14 Moritz, F Methodisches und Techmsches zur Orthodiagraphie, Deutsches 
Arch f klm Med 81 1, 1904 

15 Dietlen, H Ueber die klmische Bedeutung der Veranderungen am Zir- 
kulationsapparate insbesondere der wechselnden Herzgrosse bei verschiedener 
Korperstellung (Liegen und Stehen), Deutsches Arch f klm Med 97 132, 
1909 

16 Vaquez, H Diseases of the Heart, translated by G F Landlaw, Phila- 
delphia, W B Saunders Company, 1924 

17 Groedel, F M Welche Momente bedingt die verschiedene Grosse respek- 
tive Form des vertikalen und des horizontal en Herzorthodiagrammes ? Ann d 
stadt allg Krankenh zu Munchen 14 328, 1910 
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measmes of the heait shadow m orthodiagiams made when then subjects 
were in an upright position This suggested a diminished volume of the 
heart, but it was not until methods of deteimmation of cardiac output 
were peifected that conclusive data could be obtained to prove this 
Lindhard, 18 using the mtious oxide method, leported diminution of the 
cardiac output with the subject in the upright position, but his findings 
aie of questionable value, as his deteiminations for the vaiious positions 
weie made on difteient days Collett and Liljestiand 19 stated that they 
have confiimed Lmdhard’s findings, but they ofteied only a single 
experiment Hendeison 20 also leported a marked diminution m caidiac 
output with the subject m the upright position, but he used the ethyl 
iodide method, the lesults of which aie questionable 

With the development by Gi oilman 21 of the acetylene method, more 
accuiate deteimmation of the effect of posture on caidiac output became 
possible Grollman, m an intensive study, failed to find any appreciable 
change, but Kylin, 22 leviewing Gi oilman’s figuies found that they 
establish, at least statistically, a diminution of 021 liteis (5 per cent) 
with the subject m the erect position Kylm’s own series indicates a 
diminution of 0 46 liteis (11 per cent) with the subject m the erect 
position Kioetz 23 found that the caidiac output with the subject in 
the prone position (aveiage 442 liters) is gi eater than with the subject 
m the sitting postuie (average, 3 5 liters) and is smallest of all with the 
subject m the erect position Bielschowsky 24 and Fisher 25 have con- 
fiimed these findings 

Gi oilman ascubed the conti adictoiy findings to the subjects’ super- 
ficial breathing in the lecumbent position, which, he contended, results 
in a poor mixture of the gases, with consequent lower aitenovenous 
oxygen diffeiences and higher values for caidiac output Fisher’s 

18 Lmdhard, J Effect of Posture on Output of Heart, Skandinav Arch f 
Physiol 30 395, 1913 

19 Collett, M E, and Liljestrand, G Variations m the Resting Minute 
Volume of the Heart, Skandinav Arch f Physiol 45 17, 1924 

20 Henderson, Y Efficiency of the Heart and Its Measurement Applications 
and Results on Man, Lancet 2.1215 and 1317, 1925 

21 Grollman, A The Cardiac Output of Man in Health and Disease, Spring- 
field, 111 , Charles C Thomas, Publisher, 1932 

22 Kylin, G The Relation Between Heart Volume and Stroke Volume m 
Recumbent and Rest Positions, Skandinav Arch f Physiol (supp ) 69 237, 
1934 

23 Kroetz, C Messung des Kreislaufminutenvolumens mit Acetylen als 
Fremgas, Klin Wchnschr 9 966, 1930 

24 Bielschowsky, P Ueber den Einfiuss des Lagewechsels insbesondere der 
Bemhochagerung auf das Mmutenvolumen des Herzens bei gesunden und kranken 
Menschen, Klin Wchnschr 11 1252, 1932 

25 Fisher, I L Das Schlag- und Mmutenvolumen des menschhchen Herzens 
bei verschiedenen Korperstellungen, Arbeitspln siol 6 111, 1932 
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results aie questioned because of the vanation m his values for oxygen 
utilization by the same patient in the same position on various days 
Schellong, 26 like Grollman, has been unable to find significant changes 
m cardiac output and has ascribed the diminution found by other workers 
to changes due to the long period of standing required by the methods 
used He found that the cardiac output drops on quiet standing, largely 
because of a drop m the rate of oxygen consumption 

Bock, 27 using a tilting table to eliminate the effect of muscular 
activity, obtained a 24 per cent diminution of cardiac output with the 
subject m the upright position This was more marked m patients con- 
valescing from various diseases (30 per cent) and still more noticeable 
in a group of vasolabile patients (34 6 per cent) Deteimmations on 
3 trained patients revealed less diminution in cardiac output (i e , from 
3 per cent to 10 per cent), whereas in 1 subject, an athlete, theie was 
actually an increase from 7 9 to 16 2 per cent These findings are 
important m that they call attention to two significant factors m adapta- 
tion of the circulation to a change in position These are muscular 
activity and the condition of the patient as influenced favorably by train- 
ing or adversely by disease Diverse results m the literature may con- 
ceivably be due to varying degrees of muscular activity and differing 
states of physical fitness in “healthy” subjects or of inaccuracies intro- 
duced by the stringent requirements of the experimental procedure, 
which interfere with the free play of the patient’s compensatory 
mechanisms 

CONCLUSION 

It has been our purpose in this study to determine whethei altera- 
tion of posture produces a definite change m cardiac output A number 
of authors have reported a marked effect on cardiac output due to change 
m position, others have reported little effect Using the Grollman 
acetylene method with 23 subjects (normal persons, hypertensive per- 
sons, patients with cardiac disease and patients with various anemias and 
blood dyscrasias), we found little, if any, change m the cardiac output on 
change of position Our results are m close agreement with those 
obtained by Grollman 

The conclusion is reached that the practically unaltered caidiac out- 
put demonstrated by the subjects studied m four diffeient postuies is 
indicative of the ability of the human organism undei natuial circum- 
stances to compensate for the changes induced by the force of gravity 

26 Schellong, F Klmische Untersuchungen uber Kreislaufregulation m 
aufrechter Korperstellung, Verhandl d deutsch Gesellsch f Kreislaufforsch , 
1933, p 176 Schellong, F , and Heinemeier, M Ueber die Kreislaufregulation 
in aufrechter Korperstellung und lhre Storungen, Ztschr f d ges exper Med 
89 49 and 61, 1933 

27 Bock, H E Das Minutenvolumen des Herzens im Liegen und Stehen, 
Ztschr f d ges exper Med 92 782, 1934 
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Last year 1 1 wrote “Each year the papers written on alleigy covei 
a wider teiritory” Now the situation is becoming even moie compli- 
cated because it appears that ceitam symptoms, like asthma, may come 
fiom causes which are not allergy at all, though the clinical pictures 
seem to be quite the same as in the typical cases of allergy “All is not 
alleigy that wheezes,” and, by the same token, sneezes and itches of 
various kinds which seem like allergy may not be due to allergy m the 
ordinary clinical sense In a recent discussion of the 1 elation between 
anaphylaxis and allergy, Dragstedt 2 points out that whereas histamine, 
heparin and possibly other agents are liberated easily fiom sensitive 
cells as a result of the specific antigen-antibody reaction, the same 
substances may be released fiom normal cells which have been acted on 
by nonantigemc material Evidently it is possible to tie the various 
parts of the picture together 

The incidence of allergy is ahvays impressive, and one wonders 
whether the present high figures represent a fundamental change m 
the reaction of the population to modern life 01 whether they depend 
simply on the fact that physicians and laymen are becoming “allergy 
conscious ” Service 3 finds that majoi allergic diseases can be found 
m 20 per cent of the geneial population and that 16 per cent have more 
than one allergic symptom Norgaard 4 writes that m Denmark about 
200,000 patients with bronchial asthma are invalided each year, m a 
countiy which has a population of only 3,500,000 In other words, 

1 Rackemann, F M Allergy Review of Literature of 1938, Arch Int 
Med 63.173 (Jan) 1939 

2 Dragstedt, C A Anaphylaxis and Allergy, Ann Int Med 13*248, 1939 

3 Service, W C The Incidence of Major Allergic Diseases m Colorado 
Springs, JAMA 112*2034 (May 20) 1939 

4 Norgaard, A Die soziale Bedeutung von Asthma bronchiale und erne 
Untersuchung des Nutzens bei emer Veranderung von Erwerb und Wohnort, Acta 
tried Scandmav , 1938, supp S9, p 113 
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something over 5 pei cent of the population sufteis from asthma alone, 
and nothing is said about hay fevei, eczema or urticaria Less alarming, 
however, are the low figures of Stoesser and Shaperman 5 In a total 
of 2,771 new admissions to the clinic in Minneapolis m a period of two 
years, there weie only 141 cases of allergy, or 5 per cent All of these 
figures are interesting, but the)'' and others like them vary widely accord- 
ing to many circumstances hard to control, and the plain fact is that 
allergic diseases are very common and so are worthy of careful 
consideration 

ANAPHYLAXIS 

As I have emphasized in previous leviews, the difference between 
the guinea pig and the rat is striking The former is easy to sensitize, 
the latter is hard to sensitize In the meantime, the Kopeloffs 6 pro- 
duced anaphylaxis in the monkey easily, first with horse serum and 
then with egg white Precipitms, the Arthus phenomenon and typical 
Dale-Schultz reaction were all described in the treated monkeys The 
“alarm reaction,” so disconcerting to the demonstration of anaphylactic 
shock m the guinea pig, is described by Karady and his associates 7 
When the sensitized pigs were treated with formaldehyde, or were 
cooled to a temperature of 1C for five hours or were made to walk 
in revolving cages, they became resistant to the subsequent shock 
They survived the reinjection which killed all of the controls Evidently, 
the preceding treatment had served to increase the resistance, obviously 
m some nonspecific manner, and the observation can be correlated no 
doubt with the important clinical experience that rough treatment of 
various kinds, notably fever and surgical operation, as well as full 
etherization, has a markedly beneficial, though temporary, effect on the 
course of human asthma The recognition of the “alarm reaction” is 
timely Another animal experiment is that of Molomut, 8 who found that 
removal of the hypophysis from a lat can be accomplished with reason- 
able ease and renders the animal so treated subject to fatal anaphylactic 
shock without causing any change m the production of circulating 
antibodies 

5 Stoesser, A V, and Shaperman, E The Care of the Allergic Child, 
Minnesota Med 18 292, 1935 

6 Kopeloff, L M , and Kopeloff , N Anaphylaxis in the Rhesus Monkey 
I Horse Serum as an Antigen, J Immunol 36 83, 1939, II Egg White as an 
Antigen, ibid 36 101, 1939 

7 Karady, I , Selye, H , and Browne, J S L The Influence of the Alarm 
Reaction on the Development of Anaphylactic Shock, Orvosi hetil 82 681, 1938, 
abstracted, J Immunol 35 335, 1938 

8 Molomut, N The Effect of Hypophysectomy on Immunity and Hyper- 
sensitivity in Rats with a Brief Description of the Operative Technic, J Immunol 
37 113, 1939 
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CHEMISTRY OF ALLERGY 

A number of new leports show that the skm can be sensitized to a 
gieat variety of substances which are nonpiotem and have relatively 
simple chemical structures These will be discussed later m the section 
on diseases of the skm Here, however, must be mentioned one or two 
interesting papers Newell and his associates 9 report a study of the 
protein m the Prausmtz-Kustner antibody The Tisehus apparatus con- 
sists of a U tube that contains the solution to be tested, and through it 
is passed an electric current The different protein constituents move 
through the tube at different rates of speed until eventually they become 
separated This separation is shown by changes m concentration which 
produce deflection in a beam of light and so make it possible to observe 
different bands or shadows m the light between the protein fractions 
With this method, Newell found that the Prausmtz-Kustner antibody 
is all in that globulin fraction which was designated as gamma by 
Tisehus This gamma globulin is an impoitant constituent of the pseudo- 
globulin of serum, for other experiments have shown that most othei 
antibodies, like precipitms and agglutinins, are contained in it The 
point is that the Pi ausmtz-Kustner antibody is chemically analogous 
to other antibodies, for example, the antibody in antipneumococcus 
serum 

The chemistry of allergens is always impoitant Studies on rag- 
weed will be described later under the subject of hay fever In a com- 
prehensive article, Weiss 10 has indicated the close relationship between 
biologic action and chemical structure In 1937, Nitti and his co-work- 
eis, 11 m Pans, pointed to the importance of the precise chemical structure 
of alleigens, saying that guinea pigs could be sensitized regularly by 
paraphenylenediamme but not by the ortho or meta isomers Furthei- 
more, when the ammo group was replaced by an acetyl or a hydroxyl 
group the sensitizing power was lost Spies, Bemton and Stevens 12 
have studied the chemistry of the cottonseed embryo An extract m 
distilled water was boiled and the coagulant removed and discaided 
The filtrate was centrifuged, and to it alcohol was added to a final 
concentration of 75 per cent The sticky, dark-colored precipitate was 
then dissolved m distilled water and was found to give a good cutaneous 

9 Newell, J M , Sterling, A , Oxman, M F , Burden, S S , and Krejci, 
L E Electrophoretic Separation of the Antibody from Human Allergic Serum, 
J Allergy 10 513, 1939 

10 Weiss, S Chemical Structure Biological Action, Therapeutic Effect, 
New England J Med 220 906, 1939 

11 Nitti, F , Bovet, D , and Depierre, F Les phenomenes allergiques pro\oques 
par certaines amines aromatiques, Rev d’lmmunol 3 376, 1937 

12 Spies, J R , Bernton, H S , and Stevens, H The Chemistry of Aller- 
gens Isolation of Active Fraction from Cottonseed, J Allergy 10*113, 1939 
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reaction Later, however, it was punfied fuither by treatment with basic 
lead acetate and alcohol, which resulted m another precipitate From 
this second filtrate the lead salts weie lemoved by hydrogen sulfide, 
and the final material was precipitated by another tieatment with 75 
per cent alcohol This second alcohol precipitate was dried and later 
taken up in watei to make the solution seveial times as active as the 
original alcohol piecipitate It gave a Molisch xeaction to carbohydrate 
and on hydiolysis a positive reaction with Benedict’s solution Treatment 
with tnniti ophenol caused a heavy precipitate which gave negative reac- 
tions for carbohydrate Solutions of this precipitate, however, pioduced 
cutaneous leactions which were quite as large as those with the original 
purified material The authors attribute the allergenic properties to the 
protein rather than to the caibohydiate components 

Meantime, Abramson, Sookne and Moyer 13 present a complicated 
study of electncal properties of lagweed, thq results of which indicate 
that the “skm-reactive” constituent is piotem-hke m nature and that 
its isoelectnc point lies between pn 3 9 and p R 4 3 An impoitant con- 
tribution to the chemistiy of alleigy is the obseivation of Wmkenwerder, 
Buell and Howard 14 that patients with skin sensitivity to ragweed also 
give positive cutaneous reactions to the nucleic acids and their clenva- 
tives, including the crystalline nucleotides adenine, guanine and cytosine, 
and to simple punne salts like adenine sulfate, xanthine nitrate and 
sodium urate Severe constitutional reactions were produced in 2 patients 
with doses as small as 0 02 mg of adenine nucleotide The fact that 
only an occasional leaction to these substances was obseived in a group 
of 40 normal persons leads to the interesting query Does lagweed 
contain nucleic acid, and if so aie the cutaneous reactions to ragweed 
dependent on the nucleic acid component ? 

IMMUNOLOGY 

The mechanism of the so-called desensitization treatment of hay 
fever has been studied further It will be recalled that in 1935 Cooke, 
Bainard, Hebald and Stull 16 injected mixtures of ragweed and ragweed- 
sensitive serum into the skm of normal persons When the serum was 
obtained before treatment, the antibody m this A serum was neutralized 
by the ragweed The mixture produced a one hour reaction, but it 

13 Abramson, H A , Sookne, A M , and Moyer, L S Electrokinetic 

Phenomena The Inactivation of Ragweed Pollen Extracts by Adsorption and 
the Electric Charge of the Resultant Surface, J Allergy 10 317, 1939 £ 

14 Wmkenwerder, W L , Buell, M V , and Howard, J E Preliminary 
Studies on the Sensitizing Properties of the Nucleic Acids and Their Derivatives, 
Science 90 356, 1939 

15 Cooke, R A , Barnard, J H , Hebald, S , and Stull, A Serological 
Evidence of Immunity with Coexisting Sensitization in a Type of Human Allergy 
(Hay Fe\ er), J Exper Med 62 733, 1935 
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tailed to tiansfei the lagweed sensitiveness to the skin of a noimal 
lecipient With the P serum obtained aftei treatment, on the othei 
hand, theie was no immediate reaction and yet passive transfer was 
successful The authors concluded that m the second case there had 
developed a new mechanism by which the reaction between the allergen 
lagweed and the passive tiansfer antibody, the “reagm,” had been 
inhibited A new inhibiting antibody was described This work has 
been confirmed by Harley, 10 m England, and more recently by Langner 
and Kern 17 Incidentally, Harley found that if after a few days the sites 
m the recipient’s skin were tested with ragweed again, the reaction then 
became positive, thus showing that the attachment of the reaction- 
inhibiting substance to the antibody was not stable In a later paper, 
Cooke, Loveless and Stull 18 found that volunteers who had been treated 
lepeatedly with mixtures of ragweed extract and ragweed-sensitive 
serum failed to show any seiologic changes In another group, however, 
larger amounts of ragweed without sensitive serum were given, and m 
this gioup seiologic changes did occur and were found to be similar 
to those observed m the ragweed-sensitive patients after successful 
tieatment, that is, there were inhibition of the immediate reaction and 
successful passive transfer The combination of the sensitive serum and 
the ragweed was inhibited, and by a factor which was later found to 
occur m the pseudoglobulin, no doubt the gamma globulin fraction of 
the serum already discussed Langner and Kern 17 repeated the experi- 
ment with precisely the same technic and obtained precisely the same 
lesults In addition, these authors describe a new foim of tieatment 
They obtained seium from patients with hay fever who had been 
tieated successfully by the ordinal y method and dried it by the so-called 
lyoplnle process — a rapid freezing and dehydration in vacuo at low pi es- 
suie This dried seium was then taken up m half the original quantity of 
water and was injected intramuscularly into patients with active symp- 
toms Model ate malaise often resulted, but the relief from hay fever was 
complete in 9 of 11 patients Howevei, in 3 patients the relief did not 
continue for longei than a week To control their expeiiments, the 
authois injected noimal serum tieated m the same mannei but obtained 
no lesults More recently, Sherman and Stull 10 studied the serum 

16 Harley, D Hay Fever Effect of Pollen Therapy on Skin Reactions, 
Reaction-Inhibiting Substance in Serum of Treated Patients, J Path & Bact 
44 589, 1937 

17 Langner, P H , and Kern, R A Studies on the Immunology of Hay 
Fever, J Allerg}' 10 * 1 , 1938 

18 Cooke, R A , Loveless, M , and Stull, A Studies on Immunity in Type 
of Human Allergy (Hay Fe\er) Serologic Response of Nonsensitive Individuals 
to Pollen Injections, J Exper Med 66 689, 1937 

19 Sherman, W B, and Stull, A Serological Changes Resulting from the 
Treatment of Hay Fever Over a Period of Years, J Allergy 10 465, 1939 
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of 55 patients at the end of their treatment Passive tiansfei failed 
entirely in 9 of them, and the response was weak m 30 others Of the 
29 untreated patients, however, 22 showed good transfers Further- 
more, it was found that with successive yeais of treatment there was a 
qualitative change m the character of the antibody The ability to 
transfei sensitiveness diminished, while the ability to neutralize the 
ragweed increased Schmidt and Lippard 20 also studied the effect 
of pollen treatment on the concentration of the passive transfer antibody 
Constant amounts of serum were incubated with different amounts of 
antigen, and the mixtures were used to sensitize the recipients’ skin 
The more antigen that was required to neutralize the antibody and so 
to prevent the passive transfer reaction, the stronger was the serum 
They found that the titer increased after treatment, but with no particulai 
relation to the amount of treatment, that is, to the largest dose tolerated 
In many cases, the titer rose to more than tenfold its pretreatment level 
In another paper, Lippard and Schmidt 21 studied the changes in anti- 
body (reagin) titer which occurred, m children sensitive to a food after 
the ingestion of that food They found that theie was an increase but 
that it varied m amount This increase seemed to indicate that the 
rising titer of antibody was a protective mechanism, and it was in accord 
with the observation that after the first feeding the children could take 
the same food with less clinical difficulty 

Several papers concern the transfer of anaphylactic sensitiveness 
from animals to the human skin First, Eagle, Arbesman and Wmken- 
werder 22 have reviewed the literatui e and reopened the question of 
the antigenicity of ragweed in animals Using four types of extract 
of short ragweed pollen without prelimmaiy alum precipitation and 
without the use of adjuvant antigens, they found that fatal anaphylaxis 
could be produced regularly m guinea pigs by both active and passive 
sensitization and that precipitating and complement-fixing antibodies 
could be pioduced in high titer in rabbits (In their extiacts, the total 
nitrogen vai led between 0 60 and 1 05 mg per cubic centimeter ) In 
the following paper 23 they showed that some of the rabbit antisei unis 

20 Schmidt, W M , and Lippard, V W Human Passive Transfer Anti- 
body III Serial Titrations on Treated and Untreated Patients with Hay Fever, 
Am J Dis Child 56 550 (Sept ) 1938 

21 Lippard, V W, and Schmidt, W M Human Passive Transfer Anti- 
body IV Studies on Children Hypersensitive to Foods, Am J Dis Child 56 
797 (Oct) 1938 

22 Eagle, H , Arbesman, C E , and Winkenwerder, W L The Production 
m Experimental Animals of Antibodies to Short-Ragweed Pollen (Precipitation, 
Complement-Fixation, and Anaphylaxis), J Immunol 36 425, 1939 

23 Winkenwerder, W L , Eagle, H , and Arbesman, C E On the Presence 
m Rabbit Antisera is Ragweed Pollen of Skm-Sensitizing Antibodies Passively 
Transferable to Man, J Immunol 36 435, 1939 
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were capable of tiansfeirmg the sensitiveness to the human skm 
However, the transfer ability was not parallel with the precipitin con- 
tent Sherman, Stull and Hampton 24 made a similar experiment on 
guinea pigs and found that the serum from half their animals could 
sensitize human skm without difficulty, but that the intensity of the 
subsequent test reaction was not as great as that produced by the 
serums of acutely sensitive human beings 

SERUM DISEASE 

This >ear there are a number of reports which call attention tp 
the involvement of the nervous system in serum disease Neuritis 
is not an uncommon sequel It develops apparently from compression 
of the nerves by the perineural edema Bennett 25 has made a careful 
study of the literature and adds 5 cases Hoagland 26 and Meszaros 27 
each obsen ed a case Intis is reported by Theodore and Lewson 28 
Finally, cerebral manifestations, including loss of consciousness, aphasia 
and partial paralysis, are described in papers by Lemierre 20 and 
by Kennedy and his associates 30 

Abdominal symptoms may complicate serum sickness Clog 31 reports 
a case m which surgical intervention revealed swelling of the mesenteric 
glands and marked hyperemia of the peritoneum 

Various treatments for serum disease have been advised Voss and 
Hundt 32 used convalescent serum fiom patients recently recovered 
from serum disease, and in so doing made an interesting observation 

24 Sherman, W B , Stull, A, and Hampton, S F Passive Sensitization of 
Human Skin by Serum of Experimentally Sensitized Animals, J Immunol 36 
447, 1939 

25 Bennett, A E Horse Serum Neuritis, with Report of Five Cases, J A 
M A 112-590 (Feb 18) 1939 

26 Hoagland, R J Neuritis Following Serum Administration, Mil Surgeon 
82 134, 1938 

27 Meszaros, K Durch Tetanusschutzimpfung verursachte Neuritis, Deutsche 
Ztschr f d ges gerichtl Med 30 45, 1938 

28 Theodore, F H , and Lewson, A C Bilateral Intis Complicating Serum 
Sickness, Arch Ophth 21 828 (May) 1939 

29 Lemierre, A Un cas de manifestations cerebrates de la maladie serique, 
Bull et mem Soc med d hop de Paris 54 827, 1938 

30 Kennedy, F , Wortis, S B , and Wortis, H Clinical Evidence for Cere- 
bral Vasomotor Changes, New York State J Med 38 1441, 1938 

31 Clog, M L Syndromes douleureux abdommaux au cours de la maladie 
serique, Bull Soc pediat de Pans 36 354, 1938 

32 Voss, E A, and Hundt, O Das Prinzip der inversen Anaphylaxie als 
Methode des Antikorpernachweises beim Menschen, Ztschr f Immumtatstersch 
u exper Therap 94 281, 1938 Voss, E A Inverse Anaphylaxie beim Men- 
schen zugleich ein Beitrag zur Problematik der Ueberempfindlichkeitserschein- 
ungen beim Menschen, Ztschr f Kmderh 59 612, 1938 
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When this serum, full of antibodies for horse serum, is injected into a 
child several days after a dose of horse serum, interesting reactions occur 
which the authors describe as “inverse” anaphylaxis and which increase 
in severity as the time of treatment after the original dose of horse 
serum becomes longer If the convalescent human serum is given 
within the first three days, a small wheal and erythema appear at the 
site of injection of the horse serum, but if given after the fourth day, 
the local wheal spreads to a general rash If the convalescent serum is 
delayed until the eighth or ninth day, a general shockhke reaction may 
result However, when these reactions have subsided, the serum disease 
improves One should note, however, that the course of serum disease 
is usually short anyway 

Histammase will be discussed later Meantime, Foshay and Hage- 
busch 33 have used it m treatment of serum disease and have found it 
helpful Eight patients were given the tablets by mouth and 6 were 
relieved in from seven to thirty-six hours Twelve patients were treated 
with intramuscular doses of histammase and 11 were relieved For 
prophylaxis, the authors recommend that 4 or 5 tablets containing 5 
units each be given three times a day, beginning at the time of injection 
of the prophylactic serum 

An interesting observation is that of Fleisher and Jones, 34 who found 
that the addition of sodium hydroxide to serum, followed by warming 
to 55 C and subsequent neutralization, prevented the development of 
serum disease m rabbits Unfortunately, the preparations were toxic 
for many animals, and so the method can haidly be applied to the pre- 
vention or treatment of serum disease m man 

HAY FEVER 

New pollen surveys are reported by Deamer and his associates 35 
for the country north of San Francisco, by Cole 36 for Ames, Iowa, and 
by Metzger 37 for the west coast of Florida There is little ragweed in 
Florida 


33 Foshay, L, and Hagebusch, O E Histammase in the Treatment of 
Serum Sickness, J A M A 112 2398 (June 10) 1939 

34 Fleisher, M S , and Jones, L R Serum Sickness in Rabbits VII A 
Method for Removing or Destroying the Factor Causing Serum Sickness, J 
Immunol 36 511, 1939 

35 Deamer, W C , Jenkins, H L , and Lazarus, D S Pollen Survey 
Report on Areata District, Humboldt County, California, California & West 
Med 49 450, 1938 

36 Cole, J A Pollen Survey in Ames, Iowa, in 1938, J Iowa M Soc 29 
198, 1939 

37 Metzger, F C The Climatic Treatment of Hay Fever and Asthma, with 
Special Reference to Florida, JAMA 112 29 (Jan 7) 1939 
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The antigenic lelationslnps of diffeient pollens have been studied 
fuither Hampton, Stull and Cooke 3S tested the utexus of guinea pigs 
sensitized to alum-piecipitated ragweed for reactions to othei pollens 
at the same time Utenne strips which leacted to the specific pollen 
with a large contraction reacted to the i elated pollen in 17 of 38 tests 
In othei ivoids, the expenment indicated an antigenic lelalionship, but 
not identity, of the pollens used The authois woiked not only with 
the low and giant ragweeds but with the three common grasses timothy, 
oichaid glass and June glass as well With a different technic, Prince 
and Seciest 39 studied the relations between ragweed and mai sh • elder 
Using the serum of patients sensitive to both weeds, they passively 
sensitized sites on the skin of noimal lecipients and then desensitized 
these sites by tieatment, first with lagweed and then with maish elder 
pollen When the sites weie exhausted with ragweed, they still responded 
to marsh elder, but when exhausted with maish elder they were exhausted 
foi ragweed at the same time Here again was a close, though not 
absolute, relationship 

Another sort of investigation conceins the standardization of pollen 
extracts — the determination of their potency Aibesman and Eagle 40 
point out that each of the present methods for the assay of extiacts is 
open to criticism and that tiue values must wait for an adequate chemical 
identification of the active principle They describe the variables con- 
cerned m the experiments of passive transfer, w r hich are many and 
difficult to control 

Stull and Sherman 11 present fuither evidence to suppoit Cooke’s 
finding that the allergenic strength of pollen extracts depends primarily 
on the content of piotem nitrogen 

The treatment of hay fever has been discussed this yeai chiefly m 
relation to oral therapy Zeller 42 reviews the history In 1922 Touait 
tieated 6 patients with good results, and in the same year Solomon had 
similar experiences In 1927 Black showed that i agweed antigen could 

38 Hampton, S F , Stull, A , and Cooke, R A Antigenic Studies by the 
Dale Test I The Antigenic Relationship of Certain Pollens, J Allergy 10 
417, 1939 

39 Prince, H E , and Secrest, P G , Jr Immunological Relationship of 
Giant, Western, Common Ragweed and Marsh Elder (Iva Ciliata), J Allergy- 
10 537, 1939 

40 Arbesman, C E , and Eagle, H The Assay of Ragweed Pollen Extracts, 
J Allergy 10 521, 1939 

41 Stull, A , and Sherman, W B Further Studies on the Allergenic Activity 
of Protein and Nonprotem Nitrogen Fractions of Ragweed Pollen Extract, T 
Allergy 10.130, 1939 

42 Zeller, M Oral Ragweed Pollen Therapy, J Allergy 10 579, 1939 
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be demonstrated in the blood stream and urine after the taking of pollen 
by mouth, and in 1928 his report on the oral treatment of 71 patients 
was enthusiastic In 1929 he was less enthusiastic Now, in 1939, 
Black 43 has treated 40 patients, who were sensitive to ragweed and 
who applied for treatment during the week before the onset of the hay 
fever season, with doses of the dried pollen by mouth Good results, how- 
ever, were obtained in only 12 patients, or 40 per cent — a low figure 
It is interesting that as soon as the oral treatment was started, Black 
noted that the hypodermic doses could be increased without causing the 
large local reactions observed before the oral doses had been given 
Other reports on oral treatment are conflicting Rockwell 44 treated 
182 patients, with good results m 63 per cent Bernstein and Femberg, 45 
however, treated 20 patients coseasonally, with good results m only 2 
The discussion of Zeller’s paper, which was read before the Association 
for the Study of Allergy in May 1939, was particulaily interesting, for 
it concerned chiefly the question of absorption of the ingested pollen 
The chief evidence for absoiption is the immediate reaction which 
occurs in the skm of ragweed-sensitive patients when the serum drawn 
from a patient soon after the taking of pollen by mouth is injected 
into it As Femberg said, human serum of many types causes imme- 
diate leactions which are hard to mterpiet, but at least they are non- 
specific However, as Black said in his discussion “It seems inconsistent 
to say that the antigen is not absorbed and then to say that the patient 
developed asthma and hay fever as the result of the absorption ” 
Whereas the whole subject is controversial, the evidence so far indicates 
that oral therapy is not beneficial, and so the Chicago Society of Allergy 
has uiged that the commercial promotion of oral pollen therapy should 
be deferred m the interest of the public and the general piactitioner 
until further experimentation now m progress has been reported 

Meantime, the constitutional reactions which constitute a great dangei 
in pollen therapy have been studied by Greene, 43 who has reviewed the 
literature and analysed the cases in the senes which he and I have 
studied 

43 Black, J H The Oral Administration of Ragweed Pollen, J Allergy 
10 156, 1939 

44 Rockwell, G E Clinical Results in the Prevention and Treatment of 
Hay Fever by Oral Administration of Pollens of the Grass and Ragweed Types, 
Ohio State M J 34 784, 1938 

45 Bernstein, T B , and Femberg, S M Oral Ragweed Pollen Therapy 
Clinical Results of Experiments on Gastro-Intestmal Absorption, Arch Int Med 
02 297 (Aug) 1938 

46 Greene, J E Constitutional Reactions m Hay Fever Therapy, M Clin 
North America 23 1255, 1939 
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FUNGOUS SPORES 

Durham 47 piesents furthei information on the high incidence of air- 
borne fungous spores m this country Pratt 48 has made a caieful study 
of the mold spores in the air of Boston He exposed Petri dishes out 
of doors for a half-hour each day for a year and found that Alternana, 
Hormodendrum and non-spore-beai mg molds increase in summer while 
Aspergillus and Pemcillium have no seasonal incidence In his experi- 
ence, these molds are of considerable practical importance, foi 25 per 
cent of 177 children with seasonal asthma and hay fevei reacted to 
Alternana in cutaneous and passive transfer tests, and when they were 
treated with this mold, with and sometimes even without pollen treat- 
ment at the same time, the results were good 

Gram smuts and rusts are emphasized by Wittich, 49 who found 
them to be the principal cause of trouble in 8 cases Harris 90 i eported 
13 cases of the same sort The patients gave a history of hay fever or 
asthma m the presence of the gram smuts Furthermore, Harris was 
able to reproduce the symptoms by instilling the gram dust or the smuts 
into the patient’s nostril In another paper, Harris 51 l epoi ted that 
whereas the common molds, like Alternana, bore no antigenic lelation- 
ship to extracts of wheat or oat, nevertheless wheat smuts could be 
neutralized by wheat dust and vice versa, the technic being that of the 
ordinary desensitization of passively sensitized skill sites Meantime, 
Henrici D2 found that Aspergillus fumigatus contains an endotoxin 
poisonous for guinea pigs When an extract from the finely giound 
mycelium mass was injected subcutaneously, there developed massive 
edema with necrosis and ulceration, and when it was given mtiavenously, 
it caused fatty changes in the liver and necrosis of the kidney tubules 
as well as hemolysis This study was made on guinea pigs, but it goes 
to show that not all of the mold extracts can be used with impunity 

VASOMOTOR RHINITIS 

Chronic vasomotor rhinitis, with the pale, boggy swelling of the 
nasal mucous membrane and symptoms which are very tioublesome 

47 Durham, O C Incidence of Air-Borne Fungus Spores II Hormoden- 
drum, Alternana and Rust Spores, J Allergy 10-40, 1938, An Unusual Shower 
of Fungus Spores, JAMA 111 24 (July 2) 1938 

48 Pratt, H N Mold Spore Content of the Air m Boston, with Reference 
to Atopic Sensitivity, J Pediat 14:234, 1939 

49 Wittich, F W Further Observations on Allergy to Smuts Journal- 
Lancet 59 382, 1939 

50 Harris, L H Allergy to Gram Dusts and Smuts, J Allergy 10-327, 
1939 

51 Harris, L H The Nature of the Gram Dust Antigen Crossed Reac- 
tions to Gram Dusts and Smuts, J Allergy 10 433, 1939 

52 Henrici, AT An Endotoxin from Aspergillus Fumigatus, J Immunol 
36-319, 1939 
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because of their persistence, needs much further study Wmkenwerder 
and Gay 53 have analyzed 198 cases and found that house dust, feathers 
and orris powder were responsible in 95 per cent, with infections of the 
sinuses important m only 22 cases (11 per cent) In a rather stormy 
article, Pmess and Miller 54 object to the indiscriminate removal of ton- 
sils from those children who suffer from repeated colds and bronchitis 
and who have allergy as the essential cause of their trouble A million 
and a half tonsillectomies are performed in the United States each 
year, and the operation seems to have little effect on the subsequent 
development of hay fever or asthma, foi the figures for the development 
of allergy are the same for the group with tonsillectomy as for the group 
with the tonsils still m place 

Meantime, Hoseason, 55 m England, has an interesting observation 
on vasomotor rhinorrhea with asthma, saying that nasal congestion is 
one of the specific cutaneous responses to the estrogens which circulate 
during estrus The rhinorrhea is apt to be worse immediately before 
menstruation, and asthma may supervene at that time Treatment, how- 
ever, is not discussed except to say that zinc ionization is the simplest 
and most effective method Another English report is that of Wilson- 
Pepper and Royle, 56 who found that one injection of progesterone, the 
corpus luteum hormone, controlled the symptoms m a woman who 
suffered from menorrhagia and marked spasmodic rhinorrhea 

ASTHMA 

Asthma is usually due to allergy In most cases, a careful history 
will reveal the nature of the causative factor In diagnosis, cutaneous 
tests are important, and several papers appear on them It always seems 
curious to me that whereas many men test their patients with hundreds 
of substances, including many foods, reports on the results of tests 
with foods are unusual and deal chiefly with the more common articles — 
eggs, wheat, milk and fish Dusts, on the other hand, are of great 
practical importance as a cause of asthma in adults (much greater than 
foods), and so one finds references to a wide lange of pollens, to the 
animal danders, to a variety of occupational dusts and to a number of 

53 Wmkenwerder, W L , and Gay, L N Perennial Allergic Rhinitis 
An Analysis of One Hundred and Ninety-Eight Cases, Bull Johns Hopkins 
Hosp 61 90, 1937 

54 Pmess, G, and Miller, H Allergy of the Upper Respiratory Tract in 
Infancy and Childhood, JAMA 113 734 (Aug 19) 1939 

55 Hoseason, A S Vasomotor Rhinorrhea, with Asthma, Associated with 
Menstruation, Brit M J 2 703, 1938 

56 Wilson-Pepper, J K, and Royle, H Progesterone and the Nasal Mucosa, 
Brit M J 1 974, 1939 
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materials m household furniture Withers’ 57 papei is theiefore of 
interest He studied 20 patients clinically sensitive to one or more foods, 
including, besides the ceieals, the bean and tomato families He found 
91 patients with positive clinical sensitiveness, and yet only half of these 
had accompanying positive cutaneous reactions On the other hand, of 
65 patients with negative clinical reactions, 31 had positive cutaneous 
leactions — again nearly half His evidence makes it clear that clinical 
obseivations aie much more satisfactoiy than are the direct or the 
indirect method of testing 

Cow’s milk is one of the important items Although his latest paper 
is not yet published, Hill’s 58 studies on milk are significant When a 
normal infant first drinks cow’s milk, piecipitms develop m the blood m 
ten days, and also there is a positive reaction to the inti acutaneous test 
for milk, though never to the scratch test After two to thiee weeks, 
however, the cutaneous reaction fades, while the cnculatmg antibodies, 
precipitms and complement-fixing bodies continue for many months 
and then slowly disappear Allergy to milk shows itself in leactions of 
three kinds The first and most common is eczema, with its typical 
distribution on the face, neck and cubital and popliteal spaces It is 
properly called “atopic eczema ” Sixty per cent of babies with eczema 
give positive responses to lactalbumm, while only 17 pei cent react to 
casein at the same time The last observation explains the fact that 
the substitution of goat’s milk is not always followed by clearing of the 
eczema, for goat casein is the same as cow casein Milk is really two 
foods instead of one, and the fact is not oidinarily recognized The 
second type of reaction to milk consists of gastrointestinal symptoms, 
with or without asthma at the same time Colic and pyloiospasm aie 
said to be due to milk in rare cases The third type of leaction is also 
lare and consists of an anaphylactic-like shock which occurs when the 
breast-fed baby is given his first feeding of cow’s milk The time mteival 
is probably a deciding factor in the character of the reaction The 
baby with eczema has, on the chances, taken a quart (about 950 cc ) of 
milk every day, whereas the baby who reacts with shock Had tiouble 
on the first feeding of milk From Scandinavia comes a similai series 
of obseivations by von Sydow 59 He lecogmzed a group of infants 
who reacted to milk with eczema and asthma and were not amenable 
to desensitization and another group with gastrointestinal symptoms who 
subsequently did acquire tolerance to milk 

57 Withers, O R Food Allergens II Atopic Reagins and the Botanical 
Classification of Foods, J Allergy 10 105, 1939 

58 Hill, L W Milk as an Allergen, personal communication to the author 

59 von Sydow, G Some Cases of “Cow’s Milk Idiosyncrasi ” Acta paediat 
23-383, 1939 
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The old question of the diffeience between raw food and cooked 
food m the pioduction of symptoms, and also as the souice of cutaneous 
test material, has been aired On the one hand, Ratnei and Gruehl 00 
found that guinea pigs given injections of law cereal products show a 
high sensitivity, wheieas heating destroys the sensitizing powei On 
the other hand, Malkin and Markow, 01 in their clinic, made cutaneous 
tests with raw and with cooked foods side by side and found that in 
92 pei cent of then cases the reactions were the same It is tempting 
to doubt whether any of their reactions were of clinical significance 

Tobacco presents an interesting problem, with vanous authois hold- 
ing different points of view It is interesting that Peshkm and Landay 02 
have found that the cutaneous reaction to tobacco occuis more commonly 
in patients who are sensitive to pollen, either of grass or of ragweed 
Harkavy 63 reviews the recent hteratuie 

INTRINSIC ASTHMA 

Last spring, at the meeting of the Association for the Study of 
Alleigy in St Louis, 1 64 pointed out that “all is not alleigy that wheezes,” 
and on the same program was a paper by Alexander, 65 entitled “Allergic 
Syndromes in the Absence of Allergens ” If all the cases of asthma 
are studied togethei, it appeals that in about 25 per cent of them a 
careful history will not reveal a possible relation to diet oi environment 
In the relatively clean environment of the hospital, even in an oxygen 
tent, the asthma continues Furthermore, the deaths from asthma which 
I have observed have occuried only in this group with intrinsic asthma 
Of 283 patients, 20 have died of asthma — a proportion of 8 2 pei cent 
In this group with intrinsic asthma the cause of trouble is much m 
doubt Clinical experience suggests that the symptoms be designated 
as part of an “asthma syndrome” rather than as mere “asthma,” foi with 
the asthma m these cases go several rather charactenstic featuies Dis- 
eases of the paranasal sinuses occur in at least three fourths of the cases, 
m most of which operations on sinuses have already been done, without 

60 Ratner, B , and Gruehl, H L Anaphylactogemc Properties of Certain 
Cereal Foods and Breadstuffs, Allergenic Denaturation by Heat, Am J Dis 
Child 57 739 (April) 1939 

61 Malkin, J I , and Markow, H An Analysis of the Comparative Results 
of Skin Testing with Cooked and Uncooked Foods Preliminary Report, J Allergy 
10 337, 1939 

62 Peshkm, M M , and Landay, L H Cutaneous Reactions to Tobacco 
Antigen m Allergic and in Non-Allergic Children, with Direct and Indirect (Local 
Passive Transfer) Methods of Testing, Am J Dis Child 57 1288 (June) 1939 

63 Harkavy, J Tobacco Skm Reactions and Their Clinical Significance, J 
Invest Dermat 2 257, 1939 

64 Rackemann, F M Intrinsic Asthma, J Allergy, to be published 

65 Alexander, H L Allergic Syndromes in the Absence of Allergens, read 
before the Society for the Study of Allergy, St Louis, May 16, 1939 
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benefit to the asthma Eosmophiha is chaiactenstic Malaise is promi- 
nent (Vaughan has called it “allergic toxemia”) Finally, Greene and 
1 66 have reported on an interesting subgroup of patients with asthma who 
were found to suffer also from periarteritis nodosa It becomes 
important, therefoie, to study the physiology of asthma and to learn 
about other conditions which are accompanied by the symptom of 
wheezing In the fatal cases m our series, autopsy showed two types 
of lesion In 18 instances the bronchi were filled with tough, sticky 
plugs, sufficient to cause death by suffocation In the other 2 cases, 
however, plugs were not observed, and the lungs were not so distended , 
the cause of death was evidently concerned with a physiologic or 
functional spasm of the muscles m the smaller bronchi rather than 
with obvious mechanical plugging of their lumen 

Prickman and Moersch 67 have had wide experience with bronchos- 
copy in treatment of asthma Of 83 consecutive asthmatic patients, 
they found stenosis of one or more of the bronchi m 40 per cent Balyeat 
and Seyler 68 say that in severe asthma there are two factors, one being 
sensitization, the other a chemical factor, and that the symptoms depend 
on local edema of the mucosa of the bronchial tubes, which in turn 
depends on a chronic infection The trouble with the infectious theory 
is that, m my cases at least, absence of any pathologic evidence of 
infection was one of the striking features 

Friedman and Molony 09 comment on the role of allergy in atelectasis 
and describe 6 cases m which plugs producing bronchial occlusion could 
be removed through the bronchoscope, with great benefit They found 
that the occlusions were due to allergy On the other hand, Schneider 70 
describes a case of a 9 month old child who had occlusion of a bronchus 
from pressure of tuberculous lymph nodes and whose condition had 
been diagnosed erroneously as bronchial asthma In many of our patients 
who died of intrinsic asthma local areas of collapse were observed at 
autopsy, and it is surprising that the complication does not occur, or 
at least is not recognized, more often If masses of sticky mucus 
can plug the bronchi partially by a ball valve mechanism to produce 
emphysema, it is easy to believe that they can also plug them completely 

66 Rackemann, F M, and Greene, J C Periarteritis Nodosa and Asthma, 
Tr A Am Physicians 54 112, 1939 

67 Prickman, L E, and Moersch, H J Asthma and Its Association 
with Bronchostenosis, M Chn North America 23*961, 1939 

68 Balyeat, R M , and Seyler, L E Dual Etiology of Intractable Asthma, 
J Oklahoma M A 32 49, 1939 

69 Friedman, T B , and Molony, C J Role of Allergy m Atelectasis m 
Children, Am J Dis Child 58 237 (Aug ) 1939 

70 Schneider, L V Bronchial Occlusion Due to Tuberculous Lymphadenitis, 
Am Rev Tuberc 38 320, 1938 
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to produce atelectasis, if the argument is earned a bit further, one can 
understand how the atelectasis may lead to bronchiectasis 

Watson and Kibler 71 studied 46 cases of bronchiectasis and found 
sinusitis in 67 per cent and asthma in 32 per cent Their statement that 
“the common association of sinusitis and bronchitis can be explained 
on the basis of allergy” is interesting and is comparable with the eailier 
suggestion of Kern and Schenck 72 that nasal polyps weie of allergic 
ongm In both instances I agree with the premises, but I should like 
to substitute the term “asthma syndrome” for that of “allei gy ” 

In 1932, Loeffler 73 described local infiltrations, Fi nhmfilti ate , which 
were found by roentgen examination in patients, usually cluldien, suffer- 
ing from mild respiratory symptoms The patients were not sick, and 
the lesions were found to clear usually within a few weeks The 
eosinophils in the blood weie increased, often to 10 per cent, but the 
authoi said nothing of asthma Tuberculosis, tumor and abscess could 
each be excluded in the differential diagnosis This year there are foui 
reports 74 on “Loeffler’s syndrome” (by Breton, Cohen, Soedeihng and 
Weber, respectively), and each of them suggests that the cause is allergy 
These reports fit well the conception of local atelectasis due to bronchial 
occlusion as a transient process, dense enough to cast a shadow in the 
roentgenogram, and evidently much more common than has been appre- 
ciated Evidently, too, the process can occur even in cases of relatively 
mild asthma, for the reports available do not emphasize the life and 
death struggle which I have seen m the hospital 

According to Cole and Cole, 75 silicosis is accompanied by dyspnea, 
often simulating asthma Here, how^evei, the symptoms depend on 
capillary occlusion which involves large localized areas of the lung, 
accompanied by compensatory capillary dilatation in other regions 

71 Watson, S H , and Kibler, C S The Role of Allergy in Bronchiectasis, 
J Allergy 10 364, 1939 

72 Kern, R A , and Schenck, H P Importance of Allergy m Etiology and 
Treatment of Nasal Mucous Polyps, J A M A 103 1293 (Oct 2) 1934 

73 Loeffler, W Zur Differential-Diagnose der Lungeninfiltrierungen I 
Fruhinfiltrate unter besonderer Berucksichtigung der Ruckbildungzeiten, Beitr z 
Klin d Tuberk 79 338, 1932, II Ueber fluchtige Succedan-Infiltrate (nut 
Eosinophihe), ibid 79 368, 1932 

74 Breton, A A propos de la radiologie de l’asthme Le syndrome de 
Loffler, Pans med 1 S38, 1938 Cohen, R Le syndrome de Loeffler (Infil- 
trations pulmonaires fugaces avec eosinophihe), Presse med 46 797, 1938 Soeder- 
lmg, B Transient Lung Consolidations in Asthmatic Children with Refeience 
to Eosinophilia, Arch Dis Childhood 14 22, 1939 Weber, F P Transient 
Pulmonary Infiltration with Blood Eosinophilia (Loeffler’s Syndrome), Brit J 
Child Dis 36 IS, 1939 

75 Cole, L G , and Cole, W G Dyspnea of Silicosis, JAMA 113 
1216 (Sept 23) 1939 
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Bilharzial asthma is anothei mteiestmg disease which fits m with 
the conception that “all is not allergy that wheezes,” the term “allergy” 
being used m the sense of hypei sensitiveness to dusts or foods Four 
cases have been presented by Mamzer 7C The disease is a schistosomiasis 
of the lungs The spleen is large There is fever, and the eosinophil 
count may be as high as 60 or 70 per cent, with high white cell counts 
Roentgenograms show striations throughout the pulmonary fields The 
tieatment is easy, for when antimony is given the asthma cleais and 
the eosinophils decrease The author believes that the asthma is an 
allergic reaction to the products of the worms oi their eggs and is not 
due to anatomic changes in the lung These lesions peisist long after 
the asthma has gone, and, furtheimore, they are common wheieas asthma 
is a lare complication of the disease 

Every one interested m asthma and in all questions pertaining to the 
pulmonary circulation should examine carefully the fascinating study of 
the pulmonary cnculation by Robb and Steinberg 77 Diodiast is a 
chemical which contains approximately 50 per cent of iodine and which, 
being water soluble, has been used for intravenous pyelogtaphy The 
authors have demonstrated that if roentgenograms of the chest aie taken 
within a few seconds after the mtraveous injection of diodrast, shadows 
of the various chambers of the heart and large blood vessels can be 
obtained The reproductions of roentgenograms m their aiticle a»e good 
enough to convey an excellent idea of the anatomy of these large vessels 
and something of their pathology 

Further information on the state of pulmonary cnculation can be 
obtained by finding the circulation time The method and the results 
are explained by Plotz, 78 who used the taste produced by mtiavenous 
injection of ether to measuie the arm to lung time and the flush pioduced 
by intravenous administration of sodium cyanide to measure the arm to 
carotid time The difference is the “left heait” time 

Cardiac asthma and the diseases of the pulmonary system of aitenes, 
such as Ayerza’s disease, which are often difficult to diagnose during 
life, should not be neglected m the list of conditions which can give rise 
to the symptom asthma So also should be included emphysema There 
is evidence not only that emphysema is a secondary development, l esult- 
mg from chronic pulmonary disease, including asthma, but that “pi unary 

76 Mamzer, F Bilharzial Asthma A New Type of Allergic Bionchial 
Asthma, J Allergy 10 349, 1939 

77 Robb, G P, and Steinberg, I Visualization of the Heart and the 
Thoracic Blood Vessels m Pulmonary Heart Disease A Case Study, Ann Int 
Med 13 12, 1939 

78 Plotz, M Asthmatoid Heart Failure A Form of Left Ventricular Failure 
and Its Differentiation from Bronchial Asthma by Circulation Time and Other 
Criteria, Ann Int Med 13.151, 1939 
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idiopathic emphysema” is a disease entity of considerable practical and 
theoretic importance It is entirely pioper to maintain that “all is not 
allergy that wheezes ” 

NOSE AND THROAT 

Lesions of the nose and throat are common in asthma, as already 
stated The recent literature has been well reviewed by Hansel, 79 but 
two papers deserve special attention Francis and Stuart-Harns 80 
infected ferrets with epidemic virus mtranasally and then followed the 
progress of the disease by pathologic sections of the nasal mucous mem- 
brane of animals killed at various intervals Their article is full of 
excellent pictures which show the development of the exudate, with 
sloughing of the whole surface on the second day and beginning of 
repaii on the fourth day, and the changes in the character of the epi- 
thelium, culminating in the reestablishment of cilia on the tenth day 
In a subsequent paper, they show that the epithelium in the process of 
repair and regeneration is unusually resistant to reinfection and physico- 
chemical chainges Remoculation with the virus produced only a 
structureless exudate, and ionization performed on the eighth day after 
infection caused little damage Later, however, on the twenty-eighth 
day, ionization produced the usual severe reaction The article is an 
excellent exposition of the manner in which the nasal mucosa behaves 
after injury The second paper is one by Semenov 81 on the surgical 
pathology of nasal disease This paper, too, has many excellent photo- 
graphs of pathologic specimens which demonstrate the various changes 
that lead to thickening of the membrane, formation of cysts, inclusion 
of small foci of infection and formation of polyps — a timely study 

Meantime, and somewhat against my theory that nasal lesions are a 
part of the picture and not a cause of it, aie the 2 cases cited by Bourne 82 
in which injuries to the nasal septum were the precipitating factor in 
the production of asthma in predisposed persons In both patients the 
asthma completely disappeared in one year and in two months, respec- 
tively, after submucous resection had been performed 

79 Hansel, F K Allergy as Related to Otolaryngology and Ophthalmology 
Literature for 1938, J Allergy 10 187, 1939 

80 Francis, T , Jr , and Stuart-Harns, C H Studies on the Nasal Histology 
of Epidemic Influenza Virus Infection in the Ferret I The Development and 
Repair of the Nasal Lesion, J Exper Med 68 789, 1938, II The Resistance 
of Regenerating Respiratory Epithelium to Reinfection and to Physiochemical 
Injury, ibid 68 803, 1938 

81 Semenov, H The Surgical Pathology of Nasal Sinusitis, JAMA 
111 2189 (Dec 10) 1938 

82 Bourne, W A Asthma as a Sequel of Nasal Injury, Brit M J 1 870, 
1939 
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HISTAMINE 

Interest continues m the theory that histamine may be the common 
denominator through which a variety of exciting causes can produce 
asthma In his Bancroft Memorial Lecture, Kellaway, 83 of Australia, 
reviews the work on histamine as the effector set free by cellular injury 
Recent titles under histamine in the Quarterly Cumulative Index Medtcus 
indicate the many agents which can cause liberation of histamine 
tiypsm, curare, irritating vapors, fish poison, snake venom, anaphylac- 
tic shock and the Shwartzman reaction Clinical studies on histamine 
are going on at the present time m at least five laboratories in this 
countiy Unfortunately, the repoits have not all appeared The work 
is immensely difficult, chiefly because the amount of histamine piesent 
m the blood of patients with asthma is so small that it can be detected 
only by biologic methods, which are cumbersome and difficult Abiamson 
and Ochs 84 suggest that a modification of the ordinary cutaneous test 
to which histamine reacts promptly might give useful information By 
using an electric current, they have been able to foice histamine through 
the skin of man and animals and have found that by the method histamine 
can be detected m a concentration of less than 1 1,000,000 The article 
includes a number of interesting experiments in which a known quantity 
of histamine was added to the blood of rabbits and guinea pigs and 
could later be “recovered” with considerable accuiacy Evidently the 
method is sound as it is also simple Farmer 85 has been able to treat 
guinea pigs with histamine in such a way that the utenne strip is insensi- 
tive to the amount of antigen (horse serum) that causes a good con- 
traction m untreated controls Furthermore, the histamine treatment 
renders the strip less sensitive to histamine itself, and so m another 
paper 86 he calls the effect desensitization He observed it also when 
the guinea pigs were given doses of histamine by mouth Perla 87 found 
that the injection of sterile solution of sodium chloride mtraperitoneally 
into rats a few hours before an mtrapentoneal dose of histamine enabled 
the animals to tolerate twice the normal lethal amounts 

83 Kellaway, C H Bancroft Memorial Lecture Cellular Response to 
Injury, M J Australia 2 447, 1938 

84 Abramson, H A , and Ochs, I Skin Reactions VI A Simple Micro- 
method for the Assay of Histamine m Mammalian Blood, J Lab & Chn Med 
24-398, 1939 

85 Farmer, L Nonspecific “Desensitization” Through Histamine, J Immunol 
36-37, 1939 

86 Farmer, L Experiments on Histamine-Refractoriness II Nonspecific 
“Desensitization” Through Oral Application of Histamine, J Immunol 37 321 
1939 

87 Perla, D Effect of an Excess of Salt on Resistance to Histamine m 
Rats, Proc Soc Exper Biol & Med 41-234, 1939 
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As mentioned in the section on “Serum Disease,” histammase was 
found by Foshay and Hagebusch 33 to be useful in treatment of this 
condition In 1930, Best and McHenry 8S showed that simple saline 
extracts of various animal organs when used fresh and untreated had the 
property of destroying the histamine in a solution to which they were 
added Thus, an extract of 20 mg of moist kidney could destroy 40 mg 
of histamine m seventy-two hours They found that almost every tissue 
contains an enzyme called histammase This year, Rose and Browne 89 
have studied the question of what happens to histamine when it is 
injected intravenously In rats, they injected histamine intravenously 
m amounts equivalent to 0 16 mg per gram of body weight, and then 
killed the animals at intervals and studied their tissues In other experi- 
ments they had shown that the organs were not capable of destroying 
histamine, but now they find that the content falls off sharply within 
thirty to sixty minutes after the injection This is true of all the organs, 
with one important exception The kidney takes up histamine much 
faster than other organs, the content in fifteen minutes being 480 
micrograms, as compared with 79 micrograms for the liver and 64 
micrograms for the lung The authors believe that the increased amount 
of histamine in the blood represents merely the transport of all the 
histamine to the kidney, from which it can later be redistributed or 
disposed of The point is that histammase does not represent the only 
method by which histamine is eliminated One wonders whether Perla’s 
findings just mentioned may not depend on increased circulation follow- 
ing the injection of solution of sodium chloride, in the same sentence 
one can point to the good effect of the intravenous use of a solution of 
sodium chloride on asthma as possibly having a similar basis There 
is much to be learned about histamine and so-called histammase 

TREATMENT OF ASTHMA 

The treatment of asthma m the ordinary case is to be conducted 
on a purely allergic basis, and it is not surprising to have Curschmann, 00 
in Germany, and Salen, Hultmg and Nordenfors, 91 in Sweden, report 
excellent results from the use of an allei gen-free environment Unfor- 

88 Best, C H, and McHenry, E A The Inactivation of Histamine, J 
Physiol 70 349, 1930 

89 Rose, B , and Browne, J S L The Distribution and Rate of Disap- 
pearance of Intravenously Injected Histamine in the Rat, Am J Physiol 124 
412, 1938 

90 Curschmann, H Aussichten der Asthmabehandlung lm “allergenfreien 
Milieu,” Fortschr d Therap 14 561, 1938 

91 Salen, E B , Hultmg, C, and Nordenfors, B Bericht uber die Tatigkeit 
am Heim fur asthmakranke Schulkmder in Stockholm, Acta med Scandinav 
1935, supp 89, p 85 
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tunately, however, in the group of cases of intrinsic asthma management 
is not so easy Last year, Keeney 92 published a preliminary report on 
the use of epmephnne base m oil — "slow epinephrine” as he called it 
Now comes the complete leport m a papei by Keeney, Pieice and Gay 93 
Many patients have been relieved for penods up to sixteen hours by 
the injection of 0 5 to 1 5 cc In the symptomatic treatment of hay 
fever, Keeney 94 finds epinephrine m oil effective Murphy and Jones 95 
have also used the pi eparation, which they say is "of value ” Spam, 
Strauss and Fuchs 96 have suggested another method by which the 
absorption of epinepliime can be delayed They recommend that epi- 
nephnne be mixed with a 1 500 dilution of gelatin, which, being a non- 
toxic, nonantigenic substance, is harmless to the patient and, like peanut 
oil, is absoibed slowly Brown 97 has a paper on theophylline with 
ethylene diamine, a drug which I agi ee is useful m treatment of patients 
with severe asthma who have become refractory to epinephrine Mag- 
nesium sulfate is suggested by Haury, 98 who through expeiimenls on 
isolated lungs of guinea pigs found that the drug produces broncho- 
dilatation of from 20 to 45 per cent Farmer 99 suggests ethyl caibamate, 
which he has given by mouth to 30 patients with asthma, in doses of 2 to 
4 Gm per day The attacks were alleviated in 14 of 30 cases Balyeat 100 
does well to warn against the use of moiphme m treatment of asthma, 
which I also find in most cases to do more harm than good Not only 
does morphine abolish the cough reflex and depress the respiratory center, 
as Balyeat claims, but patients may be actually sensitive to moiphme, 
as I have found m several cases 

92 Keeney, EL A Slowly Absorbed Epinephrine Preparation, Bull Johns 
Hopkins Hosp 62*227, 1938 

93 Keeney, E L , Pierce, J A , and Gay, L N Epinephrine in Oil A 
New, Slowly Absorbed Epinephrine Preparation, Arch Int Med 63 119 (Jan) 
1939 

94 Keeney, E L Epinephrine m Oil Its Effect m the Symptomatic Tieat- 
ment of Hay Fever, J Allergy 10:590, 1939 

95 Murphy, J A , and Jones, C A Slow Epinephrine m the Treatment of 
Chronic Asthma, J Allergy 10 215, 1939 

96 Spam, W C , Strauss, B A , and Fuchs, AM A Slowly Absorbed 
Gelatm-Epmephrine Mixture, J Allergy 10 209, 1939 

97 Brown, G T Aminophylhn m Asthma, J Allergy 10 64, 1938 
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99 Farmer, L The Use of Urethane in Symptomatic Treatment of Bron- 
chial Asthma, J Lab & Clin Med 24*453, 1939 
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Helium is still used Barach 101 has treated a large series of patients, 
with good results Now, Maytum 102 and Metz, Wearner and Evans 103 
agree that inhalations of mixtures of helium and oxygen are useful m 
cases of status asthmaticus chiefly to restore the effectiveness of epi- 
nephrine More recently, however, Barach 104 has written about oxygen, 
claiming that the inhalation of pure, 100 per cent oxygen for shoit 
periods has been of great benefit to certain patients with chronic emphy- 
sema The same subject is discussed by Boothby, Mayo and Lovelace, 105 
who emphasize the virtues of oxygen in treatment of asthma and other 
conditions 

Epinephrine is always of great practical value However, it is well 
to note that there are reports of 2 cases in which serious trouble fol- 
lowed its use Keeney 100 has described a man of 33, sensitive to rag- 
weed, who had mild asthma in late August and was treated with a 
1 100 dilution of epinephrine hydrochloride as a spray Later, however, 
he was given a dose of epinephrine hydrochloride (0 5 cc of the 1 1,000 
solution) subcutaneously and immediately headache and coma developed, 
which were later found to be due to a large lesion m the left hemisphere 
involving the visual pathways and causing complete right hemiplegia 
Gormsen, 107 in Sweden, described the case of a man of 42 with severe 
asthma who also was treated with the epinephrine spray Imd 1 ! ei tently, 
he filled his hypodermic syringe not with the 1 1,000 but with the 
1 100 solution of epinephrine, and in a few minutes after the injection 
he died Acute epinephrine intoxication has been described befoie, and 
Gormsen found 28 cases in the literature The minimum lethal dose 
for subcutaneous injection seems to be about 10 mg of epinephrine 
Meantime, Galgiam, Proescher, Dock and Tamter 108 found that when 
the membranes of rabbits and cats were sprayed with epinephnne each 

101 Barach, A L The Use of Helium in the Tieatment of Asthma and 
Obstructive Lesions in Larynx and Trachea, Ann Int Med 9 739, 1935 

102 Maytum, C K Helium-Oxygen Mixtures in Status Asthmaticus, J 
Allergy 10 264, 1939 

103 Metz, C W , Wearner, A A , and Evans, A E Therapeutic Use of 
Helium, South M J 32 34, 1939 

104 Barach, A L Physiological Methods m the Diagnosis and Treatment 
of Asthma and Emphysema, Ann Int Med 12 454, 1938 
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106 Keeney, E L Hemiplegia Following Injection of Epinephrine Hydro- 
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day for three months, the trachea showed loss of cilia and desquamation 
of the epithelium 

A year ago potassium chloride was suggested by Rusk and Kena- 
more 100 as a drug useful in treatment of urticaria Since then, Rusk, 
Weichselbaum and Somogyi 110 have studied the concentration of potas- 
sium in the blood serum m various allergic states and have found it 
high Whereas the average normal content is 19 S mg per hundred 
cubic centimeters, in urticaria it is 23 4 mg and m asthma 23 6 mg , and 
during acute asthma it is 24 4 mg The blood is merely the medium of 
transport The authors’ theory is that m allergy the potassium moves 
from the cells to the blood and that the good effects of insulin and of 
dextrose in cases of urticaria and of asthma depend on driving potas- 
sium back into the cells By providing an excess of potassium m the 
diet, the cells can regain their normal potassium content Meantime, 
Bloom 111 claims to have produced striking improvement m 29 patients 
with hay fever by giving them 25 grams (less than 2 Gm ) of potassium 
chloride per day by mouth On the other hand, Cohen 112 treated 8 
patients with chronic urticaria with the diet and the doses of potassium 
chloride recommended by Rusk and Kenamoie, but in no case was 
improvement shown 

Cyclopropane anesthesia has been used m cases of severe intractable 
asthma by Meyer and Schotz, 113 who claim dramatic results m 1 case 
and describe two advantages first, that the drug works rapidly, and, 
second, that the anesthetic mixture contains a high concentration of 
oxygen 

Roentgen treatment has been revived by Maytum and Teddy, 114 who 
have applied it to 161 patients Marked relief was obtained in only 
24 per cent of the patients treated with roentgen rays alone Others 
did well, but they had other treatment at the same time 

109 Rusk, H A, and Kenamore, B D Urticaria A New Theiapeutic 
Approach, Ann Int Med 11 1838, 1938 

110 Rusk, H A, Weichselbaum, T E, and Somogyi, M Changes m 
Serum Potassium m Certain Allergic States, JAMA 112 2395 (June 10) 
1939 

111 Bloom, B The Use of Potassium Salts m Hay Fevei Preliminary 
Report, JAMA 111-2281 (Dec 17) 1938 

112 Cohen, A E The Treatment of Chronic Urticaria with a High Protein, 
Low Sodium, Acid-Ash Diet, with Added Potassium Chloride, Case Reports, 
J Allergy 10 61, 1938 

113 Meyer, N E, and Schotz, S The Relief of Severe Intractable Bron- 
chial Asthma with Cyclopropane Anesthesia Report of Case, J Allergy 10 239, 
1939 

114 Maytum, C K, and Leddy, E T Roentgen Treatment of Asthma, J 
Allergy 10 135, 1939 
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Operations on the sympathetic nerves have been described m pi evious 
reviews, and now it is interesting to have Lenche and Fontaine 115 report 
on the late results of stellectomy They have followed 14 patients, all 
of them for at least two years and many for a much longer time, and 
have found that unilateral stellectomy performed on 7 patients resulted 
m virtual cures m 2 cases, 1 of the patients having been well for 
thirteen years Bilateral stellectomy was performed on 7 patients, and 
4 of them appear to be “cured ” 

drug allergy 

Drug allergy deseives increasing attention chiefly because of the 
advances m chemistry which have resulted m the exposure of an evei 
increasing number of persons to an ever laiger numbei of new chemical 
substances, some of which are found in the large chemical mdustnes 
while others appear in paints and varnishes, m cleaning fluids and 
solvents, in fuels, m solutions for photography, m cosmetics and, most 
important of course, in the host of new drugs or isomers of old drugs 
which have been recommended as improved remedies for all manner 
of human ills Osborne and Jordon 110 say that almost any chemical 
will produce sensitization, and it therefore becomes important to do 
everything possible to prevent its development — for example, by the 
control of industrial dusts and by the better selection of persons to 
work m contact with them, through exclusion of those with allergic 
tendencies Downing 117 has reviewed 2,000 cases of cutaneous eiuptions 
occurring among industrial workers during the past six years 
Schwartz 118 states that 1 per cent of the industrial workers in this 
country are affected each year, persons with oily skins being the most 
liable The causative factors are widely distributed but are most 
important in the metal industry, with domestic and food industries fol- 
lowing, in that order The list of substances to which sensitiveness has 
been observed is remarkable, as may be seen in the presentation of 
Rostenberg and Sulzberger, 119 whose list of substances used in patch 

115 Eeriche, R, and Fontaine, R Les resultats eloignes au traitement chi- 
rurgical de l’asthme bronchique par la stellectomie, Strasbourg med 98 475, 1938 

116 Osborne, E D , and Jordon, J W The Practical Aspect of the Pre- 
vention of Industrial Dermatoses, JAMA 111 1533 (Oct 22) 1938 

117 Downing, J G Cutaneous Eruptions Among Industrial Workers 
Review of Two Thousand Claims for Compensation, Arch Dermat Sz: Syph 
39 12 (Jan) 1939 

118 Schwartz, L The Incidence of Occupational Dermatoses and Their 
Causes in the Basic Industries, JAMA 111 1523 (Oct 22) 1938 

119 Rostenberg, A, Jr, and Sulzberger, MB A List of Substances for 
Patch-Testing, and the Concentrations to Be Employed, J Invest Dermat 2 93, 
1939 
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tests covers twenty pages of small type The recent literature contains 
additional references to a variety of industrial substances which have 
been responsible foi the dermatitis observed m a number of cases Any 
list of these would be out of date by the time it is printed, and so will 
not be given here However, several references are interesting Burck- 
hardt 120 describes bricklayers’ dermatitis m 80 patients who reacted 
to patch tests and were sensitive to the calcium hydroxide in the lime 
Others reacted to the tricalcium alummate in the cement Bakers’ der- 
matitis has been studied by Zundel and Jentsch, 121 who found reactions 
to various persulfates, spice oils and turpentine among the 450 patients 
studied It is curious that wheat sensitiveness was not mentioned 
Sulfanilamide has resulted m allergic manifestations, as expected. 
Tedder 122 reports three types of toxic manifestations, one of which 
depends on ti ue sensitivity to the drug Hallam 123 reports the case of 
a young man who had taken small doses of sulfapyridme for the treat- 
ment of urethritis and then was exposed to an ultraviolet lamp The 
photosensitivity resulted in severe inflammation of the skm with edema 
and vesicles Gallagher 124 presents the interesting case of a youth of 
18 who was treated with sulfanilamide for a sore throat Two years 
later, at the age of 20, he acquired acute urethritis and was again given 
sulfanilamide, m a new dose of 20 grams (13 Gm ) That afternoon, 
he had malaise, headache and fever, and on the third day was covered 
with a diffuse rash His white cell count fell from 17,000 to 9,000 
Another interesting case is reported by Rogers 123 A woman, known 
to have skm sensitivity to various local anesthetics, was tieated with 
sulfanilamide, whereon each and every site in which local anesthetics had 
been administered previously flared up with a bright erythematous 
reaction Rogers points out that ammobenzene is the base common to 
sulfanilamide and to many local anesthetics 

Karaya gum is of particular importance because it is found so often 
not only m cosmetics but in domestic and kitchen materials Bowen 120 
adds 5 cases of sensitiveness to this substance 

120 Burckhardt, W Das Maurerekzem (Eme experimentelle und khmsche 
Studie zur Ekzemfrage), Arch f Dermat u Syph 178 1, 1938 

121 Zundel, W , and Jentsch, M Die allergischen Vorgange beim Backer- 
ekzem und ihre Deutung, Arch f Dermat u Syph 178 409, 1939 

122 Tedder, J W Toxic Manifestations m the Skm Following Sulfanil- 
amide Therapy, Arch Dermat & Syph 39 217 (Feb ) 1939 

123 Hallam, R Severe Skm and General Reaction Following the Adminis- 
tration of M & B 693 and Exposure to Ultra-Violet Light, Brit M J 1 559 
1939 

124 Gallagher, J R Sulfanilamide Drug Fever A Second Attack of Sudden 
Onset, New England J Med 221.132, 1939 

125 Rogers, E B Sensitization Reaction to Sulfanilamide, J A M A 
111 2290 (Dec 17) 1938 

126 Bowen, R Karaya Gum as a Cause of Urticaria, Arch Dermat & 
Syph 39 506 (March) 1939 



210 


ARCHIVES OF INTERNAL MEDICINE 


Insulin sensitiveness is of some practical importance because the 
cases are not rare Kern and Langner 127 have studied the mechanism 
by which the condition develops, pointing out that it occurs more often 
m nondiabetic than in diabetic persons, for, as is usual m cases of 
diug allergy, the classic method of producing sensitiveness is to provide 
for two courses of treatment with an interval between The treatment 
of insulin hypersensitiveness does not appear to be difficult In Cor- 
coran’s 128 patient urticaria developed, but with a series of doses given 
a few minutes apart, at first mtracutaneously, than subcutaneously and 
finally intravenously, desensitization was accomplished in about fifteen 
hours Ulrich, Hooker and Smith 129 had a similar experience, for 
repeated desensitization with doses given at intervals of thirty to sixty 
minutes changed the reaction so that, whereas the first dose of 0 1 cc 
caused a large wheal 23 by 33 mm in diameter at 10 30 a m , the 
thirteenth dose, consisting of twice the quantity, produced no reaction 
at all at midnight As a matter of fact, one would suppose that the 
routine method by which insulin is given m one oi two doses each day 
would be the ideal treatment for any sensitiveness to it 

OTHER ALLERGIC DISEASES OF THE SKIN 

Sensitivity to poison ivy has been studied As Simon and Lot- 
speich 130 point out, sensitiveness does not occur in all persons 
exposed, and so must depend on a predisposing factor Specific tieat- 
ment is sometimes helpful from the clinical point of view, but the fact 
is that cutaneous tests made by a careful technic with serial dilutions of 
ivy extract showed that the treatment had produced little difference in 
the strength of the reaction afterward Zisserman and Bu ch 131 
observed 304 boys at a scout camp who were treated with an ether 
extract of poison ivy suspended in olive oil In spite of treatment, 516 
per cent of the boys had dermatitis A control group of 241 boys were 
found from their histones to be susceptible to poison ivy, but were 
nevertheless left untreated Of this group dermatitis occuired m 60 6 
per cent The differences between the groups were small 

127 Kern, R A , and Langner, P H Protamine and Allergy I Nature 
of the Local Reactions After Injections of Protamine Zinc Insulin, II Induc- 
tion of Sensitivity to Insulin by Injections of Protamine Zinc Insulin, J A 
M A 113 198 duly IS) 1939 

128 Corcoran, A C Note on the Rapid Desensitization in a Case of Hyper- 
sensitiveness to Insulin, Am J M Sc 196 359, 1938 

129 Ulrich, H , Hooker, S B , and Smith, H H Allergic Reaction to 
Insulin Report of a Case, New England J Med 221 522, 1939 

130 Simon, F A, and Lotspeich, E Observations on Sensitivity to Poison 
Ivy, J Invest Dermat 2 143, 1939 

131 Zisserman, L , and Birch, L The Prophylaxis and Treatment of Poison 
Ivy Dermatitis with an Extract of Rhus Toxicodendron, J Allergy 10 596, 1939 
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Meantime, Landstemer and Chase 182 have studied the question of 
how the whole skin becomes sensitive They repeated Strauss’s original 
experiment, except that this time the isolated islands of skin to be tested 
were sepaiated by a deep incision involving the muscular layer, and 
theiefore cutting the lymphatics which lie between this muscle and the 
skin itself When this was done, the sensitiveness produced on the 
treated island did not spread beyond it This and other experiments 
show that sensitiveness to poison ivy spreads through the lymphatics 
and not by direct contact between one skin cell and the next 

Atopic dermatitis is that form of so-called eczema which has a 
typical distribution to the face, neck and cubital and popliteal spaces 
and which is associated with positive cutaneous reactions and the 
presence of passive transfer bodies m the blood Its mechanism appears 
to be comparable with that of hay fever and asthma, and the condition 
can be conceived of as “asthma of the skm ” The cause of trouble 
comes not by direct contact but through the blood vessels underneath 
the skm In children at least, foods often appear to be the offending 
substances, and the elimination of eggs, or perhaps milk, has given 
lehef m a number of cases In view of its blood-borne cause of the 
condition, it is not surprising that Femberg, 138 as well as Osborne and 
Walker, 134 states that dusts can cause atopic dermatitis Feinbeig has 
studied 14 patients who gave a definite seasonal history of dermatitis 
and m whom cutaneous tests showed positive reactions to pollens and to 
fungi They were benefited greatly by treatment I, too, have seen 
such patients and have found that, m addition to pollen, the other dust 
substances of domestic origin — kapok and cottonseed, as well as the 
animal danders — are occasional causes of atopic dermatitis 

Fungous dermatitis can give a clinical pictuie which is almost indis- 
tinguishable from that of contact dermatitis and of atopic dermatitis 
Moreovei, any two, or even all thiee, of these conditions can coexist in 
the same patient The literature on this problem is large, too large to 
leview here, particularly as an excellent analysis has recently been pre- 
sented by Goodman and Sulzberger 135 Two papers seem to be of 
practical value Berbenan 186 found that if socles made of silk, wool or 

132 Landstemer, K, and Chase, M W Studies on the Sensitization of 
Animals with Simple Chemical Compounds VI Experiments on the Sensitiza- 
tion of Guinea Pigs to Poison Ivy, J Exper Med 69 767, 1939 

133 Femberg, S M Seasonal Atopic Dermatitis The Role of Inhalant 
Atopens, Arch Dermat & Syph 40 200 (Aug) 1939 

134 Osborne, E D , and Walker, H L Contact and Environmental Aller- 
gens as a Cause of Eczema in Infants and in Children, Arch Dermat & Syph 
38-511 (Oct) 1938 

135 Goodman, J , and Sulzberger, M B Allergy m Dermatology, J Allergy 
10 481, 1939 

136 Berbenan, D A Dermatophytosis of Feet Sources and Methods of 
Prevention of Reinfection, Arch Dermat & Syph 38*367 (Sept) 1938 
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cotton are placed in a flask of water and are incubated, the fungus can 
be cultivated easily Inner soles and even leather itself make a good 
substrate for the growth of the fungus Ordinary laundering has no 
effect on it, but exposure to formaldehyde vapor for as short a time as 
twelve hours is sufficient to kill the organisms in shoes and socks Cuta- 
neous tests with fungus extracts produce allergic reactions of the 
delayed inflammatory tuberculin type Lewis, MacKee and Hopper 137 
declare that positive reactions can always be obtained m the presence of 
a dermophytid or of an acute inflammatory lesion of fungous origin 
More important, however, is the second statement that a negative reac- 
tion rules out a mycotic cause The difficulty, however, is that the test 
is specific, and so its result must depend on the genus of the causative 
organism and, consequently, on the natuie of the test material 

At the end of this rapid and sketchy review, in which it is quite 
impossible to touch any but the “high spots,” it is most appropriate to 
quote a sentence from that remarkable autocrat Dr Oliver Wendell 
Holmes, who declared “Knowledge and timber shouldn’t be used till 
they are seasoned ” 

263 Beacon Street 

137 Lewis, G M , MacKee, G M, and Hopper, M E The Trichophytm 
Test Its Value as a Diagnostic Aid, Arch Dermat & Syph 38 713 (Nov) 
1938 



Obituaries 


HARVEY CUSHING, MD 
1869-1939 

The editonal board of the Ai chives feels a distinct sense of peisonal 
loss in the death of Dr Harvey Cushing He was a contributor to our 
journal from time to time, 1 m 1927 with L M Davidoff, m 1932 with 
M N Fulton, and m 1933 when he submitted for publication “ ‘Dys- 
pituitansm’ Twenty Years Latei,” a Harvey Society lectuie m which 
he described his own conception of the clinical aspects of pituitary baso- 
philism He was one of our meticulous critics, making no bones about 
his dislike for certain of our peculiarities of spelling, punctuation or 
syntax But at the same time he was a staunch friend the fiist to 
congratulate us on work well done, the last to criticize our tailings behind 
oui back, and always one of our sincerely interested, inquisitive readers 

Dr Cushing, as every one knows, was a doctor of unusual versatility 
He was a distinguished brain surgeon, the most distinguished in the 
world of his time, founder of a whole school of neurosurgeons whose 
accomplishments now encircle the globe He was an imaginative clinical 
investigator He was an expert medical bibliophile and historian He 
was an eminent teacher He was a fine writer, and hence was adioit 
with both the scalpel and the pen, as President Lowell aptly said m 
awarding him an honorary degree at Harvard This was no perfunctoiy 
compliment suitable to the occasion and meaning little else, for Dr Cush- 
ing’s nonmedical writings — the “Life of Sir William Oslei” (1925), 
“Consecratio Medici and Other Papers” (1928), and “From a Surgeon’s 
Journal 1915-1918” (1936) — have interested a wide range of leaders, 
have inspired medical students almost as much as did Cushing’s skill m 
the operating loom and have stimulated many a doctor to better literary 
effoi ts 

Di Cushing was never conceited or boastful of Ins reputation as an 
author Two years ago he answered a friend, m reply to a lequest for 
a copy of his complete bibliography “You will remembei how horrified 

1 Cushing, H , and Davidoff, L M Studies in Acromegaly IV The Basal 
Metabolism, Arch Int Med 39 673-697 (May) 1927 Davidoff, L M, and 
Cushing, H Studies m Acromegaly VI The Disturbances of Carbohydrate 
Metabolism, ibid 39 *751-779 (June) 1927 Fulton, M N, and Cushing, H The 
Specific Dynamic Action of Protein m Patients with Pituitary Disease, ibid 50 
649-667 (Nov ) 1932 Cushing, H “Dyspituitansm” Twenty Years Later, with 
Special Consideration of the Pituitary Adenomas, ibid 51 487-557 (April) 1933 
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Osier was, shortly before his end, to receive Miss Minnie Blogg’s pub- 
lished list of his bibliography I have much the same feeling about my 
own past papers, many of which were ephemeral and written only 
because I got pushed into contributing something for a medical meeting 



HARVEY CUSHING, MD 
1869-1939 


heie and there As a matter of fact, I think you have all the original 
papers bound from 1920 to 1933 , and of those written before and since 
that time, the less said the better ” 

Dr Cushing took chief pride m being a clinician He once said 
with deep feeling, when he suspected that the laboiatory side of medicine 
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was becoming ovei emphasized, “We have instillments of piecision m 
increasing numbers with which we and our hospital assistants at untold 
expense make tests and take observations, the vast majonty of which 
are but supplementary to, and as nothing compared with, the careful 
study of the patient by a keen observer using his eyes and ears and 
fingeis and a few simple aids The piactice of medicine is an art and 
can never approach being a science even though it may adopt and use foi 
its purposes certain instruments onginally designed m the process of 
scientific research ” 2 These words summarized his own philosophy as 
to how the advancement of medical knowledge could best be obtained, 
m his own clinical work he steadily maintained this viewpoint and taught 
it to his assistants 

The copy of Morgan’s “Discouise upon the Institution of Medical 
Schools in America” in his library had come to him dnectly from his 
great-grandfather, Dr David Cushing, thiough the hands of his grand- 
fathei, Dr Erastus Cushmg, his father, Dr Hemy Cushing, and Ins 
brother, Dr Edward Cushing Dr Harvey Cushing would ask no higher 
compliment than to be thought of as one of the medical profession who 
did his job as best he could, at last achieving an honorable place beside 
the othei medical members of his family in that select company of 
practitioners whose woik makes them forever to be respected 

2 Cushing, H Medicine at the Crossroads, JAMA 100 1567-1575 (May 
20) 1933 
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Der Magenkrebs By Georg Ernst Konjetzny, MD, Professor of Surgery of 
Hansische University, Hamburg, Germany Cloth Price, 26 80 marks Pp 
289, with 155 illustrations Stuttgart Ferdinand Enke, 1938 

This book will be welcomed by every one interested in the subject of gastric 
cancer, for it contains the results of Konjetzny’s life work The author is a 
recognized authority, and in this volume he presents new material and fits it 
together with older observations to present a complete picture, not only of the 
development of gastric carcinoma but of present day therapeusis of the most 
common visceral malignant change In view of the impossibility of preventing 
cancer, early diagnosis and radical surgical measures are needed 

There is a certain inherited tendency or organic disposition to carcinoma, but 
cancer as such is not inherited Cancer is apparently neither contagious nor infec- 
tious The Cohnheim theory of development from immature embryonal cells has 
been discarded Trauma is not significant except as it relates to the results of 
destruction of the mucosa, as in acid or alkali poisoning, with subsequent regenera- 
tion and heteroplasia Konjetzny accepts the Virchow theory of the role of local 
disease processes in the development of tumors and devotes a considerable portion 
of the monograph to the thesis that the chronic inflammatory conditions of great 
significance as a basis for carcinoma are chronic gastritis with its sequelae and 
gastric ulcer Konjetzny has spent thirty years working on the relation between 
chronic gastritis, benign ulcer and carcinoma Gastritis is thought by him to be 
the basis for both ulcer and carcinoma Gastric carcinoma is always associated 
with definite chronic atrophic or atrophic-hyperplastic gastritis and never appears 
in a perfectly normal mucosa The important process is the regeneration in the 
mucosa resulting from the chronic inflammation The transition from gastritis 
to polyp formation and carcinoma is illustrated in detail The carcinomatous 
change is thought to be multicentric, taking place m the cells of a broad area of 
the mucosa 

It is not possible by clinical methods alone to demonstrate the carcinomatous 
transformation of a benign ulcer The histologic evidence is more definite, although 
difficulties exist there also The diagnosis must be deduced from a careful analysis 
of all the evidence, for no single finding is pathognomonic Carcinoma may arise 
m the edge of an ulcer or in the neighboring mucosa independent of the ulcer and 
because of the gastritis The gastritis associated with ulcer is perhaps somewhat 
more acute than that associated with carcinoma, but on the whole there is little, 
if any, difference between the two types 

The histologic types of carcinoma are variable, are not to be correlated with 
the gross appearances and from a clinical standpoint are not significant The 
gross forms are of prognostic importance The polypoid intraluminal tumors and 
the ulcerated dishhke well walled-off growths do not usually metastasize as early 
as those in which the infiltration extends indefinitely out beyond an area of ulcera- 
tion or those m which there is no ulceration but mere diffuse infiltration 

Treatment should be directed toward early and radical resection in all cases of 
carcinoma and of such precarcinomatous states as polypoid gastritis Konjetzny 
urges a thorough investigation, including fecal and gastric analysis and roentgen 
and gasroscopic examination, of all patients with digestive symptoms Exploratory 
laparotomy as a diagnostic procedure is not justifiable because of the high degree 
of reliability of the other clinical methods Small carcinomas often cannot be pal- 
pated Hence, all areas clinically suspicious should be resected The only contra- 
indication to resection of gastric carcinoma is the presence of proved distant 
metastases or extensive carcinomatous peritonitis Undue pessimism is not justi- 
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fiable even m regard to the younger patients In the Breslau (Germany) Clinic 
the longest cure (twenty-one years) occurred m a man operated on at the age 
of 31 Significant palliative effects may be obtained even when Krukenberg tumors 
are present 

The Principles and Practice o£ Medicine, Designed for the Use of Prac- 
titioners and Students of Medicine. Originally written by the late Sir 
William Osier, Bart , M D , F R T P , F R.S , formerly Regius Professor of 
Medicine, Oxford University, Professor of Medicine, Johns Hopkins Uni- 
versity , Professor of the Institute of Medicine, MacGill University , Professor 
of Clinical Medicine m the University of Pennsylvania Revised by Henry 
A Christian, MD.LLD, SD, FRCP, Hersey Professor of the Theory 
and Practice of Physic, Harvard University, Physician in Chief, Peter Bent 
Brigham Hospital (The ninth, tenth, eleventh and twelfth editions of this 
book were revised by Thomas McCrae, M D , FRCP, formerly Professor 
of Medicine of Jefferson Medical College, Philadelphia) Thirteenth edition 
Price, $9 Pp 1,450, illustrated New York D Appleton-Century Com- 
pany, Inc , 1938 

From the time of its first appearance in 1892, Osier’s “Principles and Practice 
of Medicine” has been the most valued guide to the practice of medicine in the 
English language Its use as a reference has been worldwide This prestige has 
been maintained through subsequent editions prepared under Dr Osier’s hand 
and later under the hand of his student and friend Dr McCrae The new thir- 
teenth edition is prepared by another former pupil and friend, Dr Henry A 
Christian, and fully maintains the standard set by the former editions It is 
inevitable that extensive changes should be made The text has been rewritten 
in part, to include the most recent advances in medical knowledge and practice 
Some portions have been deleted, and extensive changes made which Dr Osier 
would have been the first to make had he been preparing the edition A student 
of the earlier text may feel a little strange to open at pneumonia instead of typhoid 
and not to find other subjects in their accustomed places But the book has been 
rearranged and rewritten with a sympathetic understanding of the broad aims of 
Dr Osier’s first text and, m spite of changes, adheres to the Osier tradition The 
volume offers the advantage of a uniformity of point of view and teaching which 
only a text written by one man can offer, and its value is further enhanced by 
the clinical experiences and broad scholarship of Dr Christian 

A Guide to Human Parasitology for Medical Practitioners By D B 
Blacklock, M D (Edinburgh) , D P H (London) , D T M (Liverpool), Pro- 
fessor of Tropical Hygiene, Liverpool School of Tropical Medicine, University 
of Liverpool, formerly Professor of Parasitology, and Director of the Sir Alfred 
Lewis Jones Laboratory, Freetown, Sierra Leone, West Africa, and T South- 
well, DSc, PhD, ARC Sc, FZS, FRSE, Walter Myers Lecturer in 
Parasitology, School of Tropical Medicine, University of Liverpool , formerly 
Director of Fisheries to the Governments of Bengal and Bihar and Orissa, 
Scientific Advisor and Inspector of Pearl Banks to the Ceylon Company of 
Pearl Fishers, and Honorary Assistant, Zoological Survey of India Third 
edition Price, $4 Two colored plates and 122 illustrations Baltimore 
William Wood & Company, 1938 

This volume has been prepared for ready reference on the subject of human 
parasitology by the practicing physician This purpose it fulfils admirably As 
is inevitable when so broad a subject is to be presented in one small volume, a 
rather limited consideration must be given to each subject A few minor omissions 
might have been made to allow more space for the subject in hand 

It would seem hardly necessary in a book prepared for physicians to waste 
space on a chapter devoted to the care and use of the microscope or to include 
even an abbreviated consideration of blood examination Also the group of spiro- 
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chaetacia should have been left to the bacteriologist This space could have been 
used advantageously m expanding a valuable text on the subject of animal 
parasites 

A bibliography which would include not only the larger texts but detailed 
references to the special subject for students would be an advantage The book 
as it is is clear and comprehensive and is of value to the practitioner for whom 
it is designed 

Fundamentals of Experimental Pharmacology By Torald Sollmann and 
Paul J Hanzlik Second edition Price, $4 25 Pp 307, with illustrations 
San Francisco J W Stacey, Inc , 1939 

The second edition of this well known manual does not differ in form or gen- 
eral arrangement from the first Structural formulas for certain of the alkaloids 
have been changed to agree with present day views Experiments with recently 
introduced drugs — evipal, pentobarbital, avertm with amylene hydrate and sulf- 
anilamide — have been added One of the most valuable features of both the first 
edition and the older manual of the senior author which preceded it is the table 
of doses suitable for laboratory animals The new edition extends the list con- 
siderably and contains a tremendous amount of material that is elsewhere scattered 
through an extensive literature Many of the doses have been confirmed in the 
laboratories of the authors Few errors have been noted by this reviewer, the 
most serious one being the statement that digitalis is said to be assayed against 
ouabain m the eleventh revision of the United States Pharmacopeia Ouabain 
has been retained as a standard for strophanthin but not for digitalis Probably 
no active laboratories of pharmacology in this country have been without the 
predecessor of this manual, and it is likely that the present edition will maintain 
the status of the first 

Affections non ulcereuses du duodenum By I Pavel and A Paunesco- 
Podeano Paper Price, 50 francs Pp 204, with 57 illustrations Pans 
Masson & Cie, 1938 

This publication of Pavel and Paunesco-Podeano on nonulcerative diseases of 
the duodenum is unique The authors include discussions of normal and abnormal 
physiology of the duodenum along with fairly complete descriptions of non- 
ulcerative duodenal clinical syndromes and their treatment Among the conditions 
presented are pseudoulcerative duodenitis, hemorrhagic duodenitis, chronic duo- 
denitis with icterus, phlegmonous duodenitis, diverticulation of the duodenum, 
duodenal stasis (mechanical and functional) and tumors and congenital malforma- 
tions of the duodenum Each condition is presented in routine textbook fashion, 
with a tendency to emphasis on the clinical aspects Each chapter is concluded 
with an extensive and predominantly European bibliography on its subject 

The monograph deserves a high place among those on various phases of gas- 
troenterology It is a good collection of practical data on nonulcerative duodenal 
disease Every one interested in internal medicine, and especially in gastro- 
enterology, will find many helpful clinical ideas 

Marihuana, America’s New Drug Problem A Sociologic Question with 
Its Basic Explanation Dependent on Biologic and Medical Principles 
By Robert P Walton, Professor of Pharmacology, School of Medicine, Uni- 
versity of Mississippi, with a foreword by E M K Geilmg, Professor of 
Pharmacology, University of Chicago, and a chapter by Frank R Gomila, 
Commissioner of Public Safety, New Orleans, and M C Gomila Lambou, 
Assistant City Chemist Cloth Price $3 Pp 223, with 17 figures and 

illustrations Philadelphia J B Lippincott Company, 1938 

Knowledge concerning the drug problem presented by marihuana has come to 
most phj sicians through the somewhat sensational news stories in the supplements 
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of the Sunday newspapers Dr Walton’s exhaustive monograph concerning the 
narcotic principles of the drug is extremely timely The book is factual but 
interestingly written It covers the historical, botanic, pharmacologic, sociologic, 
legal and public health aspects of the use, or more specifically the misuse, of 
marihuana There is a valuable chapter on nomenclature, which gives a complete 
glossary The bibliography contains 419 references The book should prove an 
invaluable reference for sociologists, public health officers and physicians 

The Genuine Works of Hippocrates. Translated from the Greek by Francis 
Adams Price, $3 00 Pp 384, with 8 plates Baltimore The Williams & 
Wilkins Co, 1939 

The reviewer is unable to discuss critically the merit of various Hippociatic 
texts and translations, but from the standpoint of the bibliophile one can only be 
pleased with this handsome edition of the Adams version The book is well 
printed on fine paper and in general is obviously a superior piece of book making 
The publishers are to be congratulated 



Notices 


CUMULATED INDEX OF THE ARCHIVES OF 
INTERNAL MEDICINE 

Requests have been leceived for a twenty year index of the Archives 
of Internal Medicine Before serious consideration is given to the 
production of a cumulated index, it is desirable to know whether the 
demand for it would be sufficient to warrant its sale at not to exceed $5 
a copy It will be appreciated if those who are interested m such an 
index will fill out and send the form which appears below to the 
Managing Editor at the publication office, 535 North Dearborn Street, 
Chicago 


I SHOULD BE WILLING TO SUBSCRIBE TO A CUMU- 
LATED INDEX OF THE ARCHIVES OF INTERNAL MEDICINE 
AT $5 00 


NAME 

ADDRESS 


DATE 


220 



ARCHIVES of INTERNAL MEDICINE 


Volume 65 FEBRUARY 1940 Number 2 

Copyright, 1940, by the American Medical Association 


HYPERTROPHY AND HYPERPLASIA OF ISLANDS 
OF LANGERHANS IN INFANTS BORN 
OF DIABETIC MOTHERS 

ELSON B HELWIG, MD 

BOSTON 

Owing to the inadequate therapy available for diabetic patients even 
for some time aftei msulm became available, the fertility of diabetic 
women was low and pregnancy a rarity When better control of the 
diabetic state made it possible for pregnancy to occur, it was dis- 
concerting to obseive that some of the infants were born dead and that 
otheis died soon after birth Autopsies on these infants showed no 
consistent pathologic change 

The chemical and postmortem observations suggested a low blood 
sugai level, and to explain this Dubreuil and Andei odias 1 and othei s 2 

From the Pathological Laboratory of the New England Deaconess Hospital 

1 Dubreuil, G, and Anderodias Hots de Langerhans geants chez un nou- 
veau-ne, issue de mere glycosurique, Compt rend Soc de biol 83 1490, 1920 

2 (a) Wiener, H J Diabetes Mellitus in Pregnancy, Am J Obst & Gynec 

7 710, 1924 ( b ) Gray, S H, and Feemster, L C Compensatory Hypertiophy 
and Hyperplasia of the Islands of Langerhans m the Pancreas of a Child Born 
of a Diabetic Mother, Arch Path 1 348 (March) 1926 ( c ) Feldmann, I Dia- 
betes mtrauterina, Centralbl f allg Path u path Anat 42*435, 1928 ( d ) Schret- 

ter, G, and Nevmny, H Zur Histopathologic der Zuckerkrankheit bei 
Neugeborenen und Sauglingen, Arch f Gynak 143 465, 1930 (<?) Nothmann, M , 

and Hermstem, A Diabetes und Graviditat, ibid 150.287, 1932 (/) Bowen, 

B O , and Heilbrun, N Pregnancy and Diabetes, with a Report of Five Cases 
and a Review of the Literature, Am J M Sc 183 803, 1932 (<?) Jacobsen, N S 
Insulin Coma m Pregnant Diabetics, Ugesk f laeger 96.347, 1934 (Ji) Ehrich, 
W Ueber angeborene Hypoglykamie, Klin Wchnschr 13 584, 1934 (t) Gordon, 
W H Fetal Hypoglycemia Due to Hypermsulmism, J Michigan M Soc 34 
167, 1935 0) Gordon, W H Compensatory Hypertrophy and Hyperplasia of 
Islands of Langerhans in Utero Congenital Hypoglycemia Due to Hypermsulmism, 
Ohio State M J 32 540, 1936 ( k ) Randall, L M , and Rynearson, E H 

Delivery and Care of the Newborn Infant of the Diabetic Mother, JAMA 
107.919 (Sept 19) 1936 (/) Hartman, A F , and Jaudon, J C Hypoglycemia, 
J Pediat 11 1, 1937 (wi) Nakamura, N Untersuchungen uber das Pankreas 
bei Foten, Neugeborenen, ICindern, und im Pubertatsalter, Virchows Arch f path 
Anat 253 286, 1924 («) Angyal, F Hypertrophie der Langerhansschen Inseln 

( Footnote continued on next pane ) 
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have suggested transient fetal hypermsuhmsm accompanying hyper- 
plasia of the islands of Langerhans 

To determine whether an adequate structural basis existed for the 
assumed hypennsulinism, the pancreatic islands in 9 infants of diabetic 
mothers and 9 infants of normal mothers were studied 

From a block of tissue previously selected at random from each 
pancreas, appi oximately 90 serial sections were cut and stained with 
phloxme and methylene blue (methylthiomne chloride U S P ) By 
observing the islands in the consecutive sections, the maximal dimensions 
of each island were determined m two diameters at a standard mag- 
nification by means of a calibrated eye piece micrometer Only those 
islands which increased in size when examined m serial sections were 
included in the determination of the maximal diameters, islands not 
sectioned through the point of maximal diameters thus being excluded 
Because of the appreciable variation in the maximal diameters of the 
various islands, an average of them would not fairly represent the large, 
irregular islands or the small islands Although their shape is varied, 
ranging as they do from spheres through a wide variety of figures, a 
fair number of the islands may be reduced in sectional outline to a rough 
parallelogram I have consequently adopted the product of the diameters 
of each island as representing its maximal cross-sectional area 
Obviously, this arbitrary choice has introduced a certain element of 
error, but it is no more than would have been introduced by using the 
diameters severally, or by assuming a different shape to be the standard 
Since the pancreases of both the control series and the infants of 
diabetic mothers were measured and calculated m the same way, I feel 
that the results of the two series are fairly comparable 

CONTROL SERIES 

Case 1 — A tertipara aged 24 delivered spontaneously a boy of seven months’ 
gestation, weighing 4 pounds 4 ounces (1,928 Gm ) The baby breathed with 
difficulty and died twenty-nine hours after birth There was a history of other 
premature births of infants with the same respiratory difficulty 

At autopsy the right lateral ventricle of the brain contained blood-tinged fluid, 
and the choroid plexus was enlarged, dark red, and surrounded bv a blood clot 

m der Frucht einer zuckerkranken Schwangeren, Centralbl f allg Path u path 
Anat 66 209, 1936 (o) Bauer, J T, and Royster, H A, Jr Hypoglycemia, 

Hypertrophy and Hyperplasia of Islands of Langerhans in the Newborn Infant 
Following Maternal Diabetes Report of a Case Associated with Tetany, and 
Review of the Literature, Bull Ayer Clin Lab , Pennsylvania Hosp 3 109, 1937 
(i p ) Rascoff, H , Beilly, J S , and Jacobi, M Hyperglycemia of Newborn 
Associated with Hypertrophy and Hyperplasia of Islands of Langerhans, Am J 
Dis Child 55 330 (Feb ) 1938 (g) Heiberg, K A Das Inselgewebe bei einem 
neugeborenen Kinde einer zuckerkranken Mutter, Virchows Arch f path Anat 
2S7 629, 1933 
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The lungs showed partial atelectasis The pancreas appeared normal Micro- 
scopically, there was a moderate number of islands varying in size from a few 
cells to those with diameters of 239 by 231 microns There were a few minute 
foci of hemopoiesis 

Case 2— A primipaia aged 28 was delivered by cesarean section supposedly 
one week after term, because of vaginal bleeding and a decreased heart rate of 
the infant The uterus was filled with blood, and the umbilical cord, only 25 cm 
long, was torn near the umbilicus The boy weighed 5 pounds J4 ounce (2,284 Gm ) 
and breathed well, but died fifteen minutes after delivery 

At autopsy the pancreas appealed normal Microscopically theie was a 
moderate number of islands, which varied in size fiom masses containing a few 
cells to some with diameters of 169 by 154 microns The islands appeared normal 
No hemopoiesis was noted 

Case 3 — A primipara aged 30 had a low forceps delivery, somewhat prema- 
turely, of a boy weighing 6 pounds 8 ounces (2,948 Gm ) Respiration was 
difficult, and the baby died one and one-half hours after birth 

At autopsy the pancreas appeared grossly normal Microscopically, there was a 
moderate number of islands, which varied in size from masses containing a few 
cells to some with diameters of 231 by 308 microns There were a few minute 
foci of hemopoiesis 

Case 4 — A primipara aged 27 delivered without incident a well developed 
full term boy, weighing 8 pounds 6j4 ounces (3,814 Gm ) Respirations were 
and died sixty hours after birth 

Autopsy showed cor biatriatum triloculare The pancreas was moderately firm, 
gray and elastic Microscopically, there was a moderate number of islands, which 
varied in size from masses containing a few cells to some with diameters of 292 
by 185 microns There were a few very small foci of hemopoiesis 

Case 5 — A primipara aged 41 after an unsuccessful tnal labor delivered by 
cesarean section a full term, well developed girl Although the heart sounds 
were good, the baby failed to breathe 

At autopsy the lungs were atelectatic and the panci eas grossly noimal Micro- 
scopically, there was a moderate number of generally small islands, which varied in 
size from masses containing a few cells to some with diameters of 308 bv 192 
microns No foci of hemopoiesis were noted 

Case 6 — A tertipara aged 31, after four hours of easy labor delivered a 
full term boy, weighing 8 pounds 6}4 ounces (3,814 Gm ) Respirations were 
shallow and the baby died four hours after delivery 

Autopsy disclosed tears m the tentorium cerebelh, hemorrhage into the sub- 
arachnoid spaces and petechiae in the brain The pancreas appeared normal 
Microscopically, there was a moderate number of islands, which varied m size 
from masses containing a few cells to some with diameters of 262 by 208 microns 
There were rare minute foci of hemopoiesis 

Case 7 — A secundipara aged 29 w f as delnered by breech extraction The 
infant, a boy weighing 8 pounds 8 ounces (3,S56 Gm ), died immediately after 
birth 

At autopsy the lungs were atelectatic The pancreas appeared normal Micro- 
scopicalh, there was a moderate number of islands, which \aned m size from 
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masses containing a few cells to some with diameters of 262 by 192 microns The 
island cells appeared normal, except for a few with a very slightly increased 
amount of cytoplasm There were scattered foci of hemopoiesis 

Case 8 — A tertipara aged 30 delivered normally a boy weighing 8 pounds 
8 ounces (3,856 Gm ) The baby did not breathe well, had slight jaundice and 
died twenty-one hours after birth 

At autopsy the pancreas was normal Microscopically, there was a moderate 
number of islands, which varied in size from masses containing a few cells to 
some with diameters of 262 by 192 microns The islands generally appeared 
normal, but in a few the cells were slightly larger than average, with an occasional 
enlarged nucleus The interlobular stroma contained a few minute foci of 
hematopoiesis 

Case 9 — A tertipara aged 40 had a low forceps delivery One week before 
parturition she had become slightly toxic The boy, weighing 8 pounds 15 ounces 
(4,058 Gm ) , was slow to breath Later breathing was rapid, with poor color 
and twitching The baby died forty-two hours after delivery 

At autopsy the pancreas appeared normal Microscopically, the islands were 
moderately numerous and varied in size from masses containing a few cells to 
some with diameters of 654 by 447 microns Many of the islands, particularly the 
smaller ones, appeared normal In the larger islands the cells were larger than 
normal, with an increased amount of cytoplasm which stained highly acidophilic 
Generally the nuclei were slightly larger than the average, and occasionally they 
were much larger A few islands showed both types of cells Some of the islands 
exhibited an increase of supporting stroma Rarely, eosinophilic myelocytes, some 
of which were mature, were noted in the islands There were a few scattered 
minute foci of hemopoiesis in the stroma 

DIABETIC SERIES 

Case 1 — A pnmipara aged 26 was first noted to have diabetes in March 1932 
The last catamenia was probably in September 1936 She received unmodified and 
protamine insulin Thirteen samples of blood, taken at intervals from Dec 5, 
1936 to Feb 26, 1937, on four occasions contained between 200 and 250 mg of 
dextrose per hundred cubic centimeters, once 300 mg and once 330 mg per 
hundred cubic centimeters The remainder of the values were below 200 mg per 
hundred cubic centimeters On Feb 27, 1937, she was delivered spontaneously of a 
boy weighing 3 pounds ounce (1,314 Gm ) The baby died shortly after birth 
The placenta showed localized infarction, and the umbilical cord showed foci of 
acute inflammation The autopsy, performed eight and one-half hours after 
death, disclosed a normally developed but immature infant, weighing 1,380 Gm 
and measuring 15 cm in length (crown-rump) The lungs were atelectatic, 
otherwise all organs appeared normal The pancreas weighed 0 8 Gm Micro- 
scopically, the islands were not numerous, were generally small and varied in 
size from masses containing a few cells to some with diameters of 308 by 231 
microns The island cells and the nuclei were of average size No mitotic figures 
were noted The stroma was relatively prominent and contained scattered hemo- 
poietic cells Eosinophilic myelocytes were rare 

Case 2 — An octipara aged 34 had had diabetes since June 1930 The last 
catamenia was probably in October 1934 She received insulin She was in her 
sixth month of pregnancy when she was admitted to the hospital, Jan 8, 1935, in 
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acidosis The carbon dioxide-combining power of the plasma on two occasions was 
16 and 10 volumes per cent, and the blood contained 260 and 250 mg of dextrose 
per hundred cubic centimeters She was given a clysis of 1,500 cc of 5 per cent 
dextrose in physiologic solution of sodium chloride 

Three hours before the mother miscarried, on the day following her admission, the 
carbon dioxide-combining power was 17 volumes per cent, and the blood contained 
320 mg of dextrose per hundred cubic centimeters The boy lived half an hour The 
mother contracted pneumonia, which was terminated by crisis on the sixth day 

Autopsy, performed one-half hour after death, showed an immature infant 
measuring 36 cm from crown to heel The heart blood contained 220 mg of 
dextrose per hundred cubic centimeters The organs appeared normal The 
pancreas measured 2 5 cm in length and 0 4 cm in thickness Microscopically, 
there were numerous islands, which -varied m size from masses containing a 
few cells up to seme with diameters of 439 by 262 microns The island cells were 
shghtly larger than normal, and the nuclei were occasionally considerably enlarged 
Rarely, mitotic figures were noted The stroma surrounding many of the islands 
was increased and moderately infiltrated with myelocytes, mostly eosinophilic and 
mature The stroma elsewhere contained scattered hemopoietic cells The acinar 
cells were less well developed than the island cells, but otherwise they appeared 
normal The ducts and blood vessels appeared normal 

Case 3 — A primipara aged 25 had had diabetes since March 1934 Her last 
catamenia was on Oct 9, 1936 In Jan 1937 she was transfened from a regimen 
of unmodified insulin to one of protamine insulin During April she evidenced a 
low renal threshold, with as much as 92 Gm of sugar m the urine in one day 
Tests were made on twenty-four samples of blood, taken at intervals from January 
to May On one occasion the dextrose content reached 200 mg and on another 
330 mg per hundred cubic centimeters, in the remainder of the tests the values 
were 190 mg or less On May 30, 1937, the mother delivered a boy by the 
natural route The mother’s blood at delivery contained 190 mg of dextrose per 
hundred cubic centimeters The cord blood of the infant contained 160 mg The 
carbon dioxide-combining power of the plasma was slightly reduced, and the non- 
protein nitrogen content of the blood was normal The baby cried feebly , one and 
one-half hours after birth, the content of dextrose in the infant’s blood was 110 mg , 
and four and one-half hours after birth, 60 mg, per hundred cubic centimeters, 
the breathing was shallow, and cyanosis developed The baby died six and three- 
fourths hours after birth 

Autopsy, performed five hours after death, showed a -well developed infant 
weighing 1,940 Gm The heart blood contained 60 mg of dextrose per hundred 
cubic centimeters The organs were grossly normal The pancreas weighed 1 2 
Gm Microscopically, the islands were not numerous, -were generally fairly small 
and varied m size from masses containing a few cells to some with diameters of 
262 by 208 microns The island cells and nuclei were of average size No mitotic 
figures were observed The intralobular and interlobular stromas were relatively 
prominent, were of loose texture and frequently contained large foci of hemopoietic 
cells Only an occasional eosinophilic myelocyte was noted The acinar cells and 
ducts appeared normal, but in places the acini appeared immature, with considerable 
intervening connective tissue 

Case 4 — A septipara aged 30 had had diabetes since 1930 On Sept 10 , 1931 , 
by means of roentgen examination, she was thought to be in the seventh month 
of pregnancy Eleven samples of blood, taken at intervals from Sept 11 , 1931 
to Oct 2 , 1931 , included only a single specimen containing as high as 200 mg of 
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dextrose per hundred cubic centimeters An elective induction was carried out at 
about term, and twins were delivered on October 2 The first baby, a boy, was deliv- 
ered by version, because of a compound presentation (head and hand), and showed an 
uneventful course The second baby, also a boy, was a footling, with the cord 
around his neck The delivery was easy There were two placentas The second 
twin was somewhat blue when born Rales developed in the lungs, and he died 
twenty hours after delivery 

The autopsy, performed three and one-half hours after death, showed a normally 
formed boy, weighing 2,800 Gm and measuring 46 cm from crown to heel 
There was a tear in the left tentorium, with subtentorial hemorrhage The lungs 
showed evidence of slight aspiration of amniotic fluid The pancreas weighed 
approximately 5 Gm Microscopically, the islands were moderately numerous and 
varied in size from masses containing a few cells to some with diameters of 
262 by 239 microns The island cells and nuclei were usually slightly larger and 
occasionally considerably larger than normal The stroma surrounding the islands 


Table 2 (Case 4) — Chemical Examination of the Blood 



Sugar, 

Nonprotein Nitrogen, 


per Cent 

Mg per 100 Cc 

Mother (at delivery) 

017 

25 

Infant 1 (at delivery) 

012 

27 

Infant 2 (at delivery) 

Oil 

28 

Infant 1 (6% hr after birth) 

010 


Infant 2 (6% hr after birth) 

0 04 , 0 05 


Infant 2 (heart blood 3% hr postmortem) 

0 03 

78 

Infant 1 (IS days after birth) 

010 



was very slightly increased in amount and w r as in several instances moderately 
infiltrated with myelocytes, chiefly eosinophilic and mostly mature There were 
other scattered minute foci of hemopoiesis The acinar cells, ducts and blood 
vessels appeared normal 

Case 5 — A primipara aged 34 had had diabetes since Oct 1926 Her last 
catamenia was on June 22, 1934 She received unmodified insulin Nine samples 
of blood, taken at intervals from Sept 18, 1934 to Feb 11, 1935, showed a single 
specimen containing 200 mg , another containing 210 mg and a third containing 
230 mg of dextrose per hundred cubic centimeters The remainder contained 
less than 200 mg per hundred cubic centimeters 

On February 11, 1935, a girl was born by classic cesarean section One hour 
before delivery the mother’s blood contained 230 mg of dextrose and 309 mg of 
cholesterol per hundred cubic centimeters, and the carbon dioxide-combining 
power was 28 volumes per cent, one-half hour after delivery the values were 
160, 295, and 28, respectively The infant’s cord blood contained 130 mg of dextrose 
per hundred cubic centimeters, and the carbon dioxide-combining power was 24 
volumes per cent The baby was cyanotic, but its color improved with administra- 
tion of oxygen The course was marked by periods of cyanosis, poor respiration 
and occasional convulsions The baby died nine and one-half hours after birth 

Autopsy, performed ten and one-half hours after death, showed a normally 
developed infant, weighing 3,020 Gm , with lividity of the dependent portions 
The heart blood contained 60 mg of dextrose per hundred cubic centimeters 
The lungs were atelectatic and microscopically showed evidence of aspirated 
amniotic fluid The pancreas weighed 3 Gm , was reddish brown and appeared 
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normal Microscopically, there were numerous islands (fig 1), mostly large, 
which varied in size from masses containing a few cells up to some with diameters 
of 439 by 385 microns The island cells and nuclei were slightly larger than average, 
and there were occasional large nuclei, some of which were deeply chromatic 
Rarely, a mitotic figure was noted The stroma surrounding many of the islands 
was increased and densely infiltrated with eosinophilic myelocytes, mostly of the 
mature type There were a few foci of hemopoiesis within the stroma, which 
were not in association with the islands 

Case 6 — A sextipara aged 37 had had diabetes since January 1932 Her 
first three deliveries, which were prior to the onset of diabetes, were uneventful 
The fourth, after the onset of diabetes, was normal, but the baby died on the 
tenth day from an umbilical infection The fifth was born by breech extraction 
and was very large The infant had been dead two weeks before delivery 



Fig 1 (case 5) — Hyperplasia of the islands of Langerhans, showing the infil- 
tration of eosinophilic myelocytes and the comparative size of the accompanying 
acini (Stained with phloxine-methylene blue, X 1 89) 

The last catamenia of the sixth pregnancy was Dec 26, 1934 She received 
unmodified insulin Nineteen samples of blood, taken from Feb 2, 1935 to Sept 4, 
1935, included a specimen which contained 200 mg and another which contained 
230 mg of dextrose per hundred cubic centimeters, with the remainder containing 
below 200 mg per hundred cubic centimeters On Sept 4, 1935, a boy was deliv- 
ered by classic cesarean section At delivery, the chemical findings of the 
mother’s blood were normal, the sugar content being 130 mg per hundred cubic 
centimeters The cord blood contained 100 mg of dextrose per hundred cubic 
centimeters The bab 3 r exhibited intermittent periods of apnea A sample of blood 
taken twelve and one-half hours after birth contained 60 mg of sugar per hundred 
cubic centimeters The baby died suddenly, fourteen hours and ten minutes 
after birth 
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Autopsy, performed two and one-half hours after death, showed a well nour- 
ished infant, measuring 40 cm in length (crown to heel) and weighing approxi- 
mately 3,500 Gm The heart blood contained 120 mg of dextrose per hundred 
cubic centimeters, the liver blood, 180 mg The lungs were atelectatic and 
microscopically showed evidence of aspirated amniotic fluid The pancreas grossly 
was normal Microscopically, there were numerous islands, many large, which 
varied in size from masses containing a few cells to some with diameters of 
554 by 462 microns The island cells and the nuclei were slightly larger than 
average, and the latter were occasionally extremely large and in a few instances 
deeply chromatic In some cells the cytoplasm was more highly acidophilic than 
in others Rarely, a mitotic figure was noted The stroma surrounding some of 
the islands was infiltrated with eosinophilic myelocytes, mostly of mature type 
Myelocytes were also present m small numbers within some of the islands There 
were a few scattered hemopoietic cells within the stroma, not in relation with 
the islands 

Case 7 — A secundipara aged 33 had had diabetes for ten years prior to her 
second pregnancy Her first pregnancy, two years previously, was terminated by a 
miscarriage at about seven weeks, during an attack of grip Her last catamenia 
was on March 25, 1936 Diabetes was controlled by diet until September 1936, 
with the test for sugar m her premeal specimens of urine yielding reactions ranging 
from negative to an orange color with sediment After September, she was given 
24 units of insulin daily m a single morning dose Fourteen samples of blood, 
taken at intervals from July 30, 1936 to Jan 28, 1937, included two samples 
containing 200 mg and one sample containing 240 mg of dextrose per hundred 
cubic centimeters, with the content of the remainder less than 165 mg per hundred 
cubic centimeters On Jan 28, 1937, she was admitted to the hospital because of 
preeclampsia Her blood pressure was 160 systolic and 104 diastolic The urine 
contained albumin The diabetes was controlled On Jan 28, 1937, after she had 
received 2 ounces (60 cc ) of orange juice with sugar two and three hours pre- 
operatively, a living girl was delivered by classic cesarean section The mother’s 
blood one hour after delivery contained 100 mg of dextrose per hundred cubic 
centimeters, and the cord blood contained 162 mg The baby cried vigorously, but 
cvanosis was fairly marked, and the hands and feet were cold The head was 
small On the second day, slight cyanosis was present The heart was large 
(confirmed by roentgen examination) and there was a systolic murmur, which was 
definite over the body of the heart but not present at the base or the apex The 
edge of the liver was 7 5 cm below the costal margin Forty-eight hours after 
delivery, the blood contained 57 mg of dextrose per hundred cubic centimeters 
On the third day the baby became dusky, and there were irregular grunting 
lespiraticns The baby died sixty hours after birth 

Autopsy, performed five hours and fifty minutes after death, showed a well 
developed infant, weighing 3,898 Gm and measuring 49 cm in length (crown- 
heel) The heart showed cor triloculare biventriculare and hypertrophy The 
liver weighed 170 Gm and was fatty There was a bilateral bronchopneumonia 
The pancreas weighed 3 Gm and appeared normal Microscopically, there were 
numerous islands, generally of moderate size, which varied from masses con- 
taining a few cells to some with diameters of 346 by 254 microns The island 
cells and nuclei were slightly larger than average Some of the nuclei were very 
laige and occasionally were deeply chromatic Mitotic figures were rarely seen 
The intralobular and interlobular stromas were not increased In a few scattered 
foci, the stroma contained several hemopoietic cells and a few eosinophilic myelo- 
cytes, with indented round, or oval, or lobulated nuclei Occasionally eosinophilic 
myelocytes were noted within the islands 
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Case 8 — A quattuordecipara aged 39 was noted to have sugar m her urine 
Sept 3, 1936 The expected date of confinement was in November 1936 Of 
her previous pregnancies, nine resulted in full term normal deliveries, two m 
miscarriages at two and five months and two m stillbirths (the last, one year 
previous to the fourteenth pregnancy) Five samples of blood, taken from Oct 9, 
1936 to Oct 28, 1936, contained from 95 mg to 164 mg of sugar per hundred 
cubic centimeters The test of the urine for sugar gave positive results 

On Oct 29, 1936, a living girl was delivered normally The baby cried but 
exhibited irregular movements The scleras were" slightly icteric The reflexes 
were active and the neck slightly stiff The baby nursed normally During the 
first forty-eight hours the baby received only distilled water A sample of blood 
then showed 42 mg of dextrose per hundred cubic centimeters From the fifty- 
first to the fifty-eighth hour after birth, the baby took a 5 per cent solution 
ot dextrose by mouth every hour In the subsequent hour she was noted to be 
weaker, and at the fifty-ninth hour she was cyanotic She was placed in an 
oxygen chamber Respirations were of the Cheyne-Stokes type, and the heart 
beat was firm but slow She died sixty hours after birth 

Autopsy, performed eighteen hours after death, showed a normally developed 
infant, weighing 3,930 Gm The heart showed generalized hypertrophy (38 Gm ) 
There was marked pulmonary hyperemia and edema The right kidney exhibited 
thrombosis of the arcuate vessels, with acute necrosis and hemorrhage One 
adrenal gland showed thrombosis and acute focal necrosis The pancreas weighed 2 
Gm and appeared grossly normal Microscopically, there were a moderate 
number of islands, generally larger than normal, which varied in size from 
those of a few cells to masses containing diameters of 539 by 385 microns The 
island cells generally were moderately enlarged, and the nuclei were often enlarged, 
some being twice the usual size Mitotic figures were rare Occasionally nuclei 
stained deeply chromatic The stroma was not increased and appeared normal 
There were only rare scattered hemopoietic cells, and eosinophilic myelocytes were 
rarely noted 

Case 9 — A primipara aged 36 dated the onset of her diabetes to July 1926 
The date of her last catamenia was Feb 4, 1936 She was treated with unmodified 
insulin Thirty-four samples of blood, taken at intervals from March 12 to 
October 19, included seven containing between 200 mg and 230 mg of dextrose 
per hundred cubic centimeters Another sample, taken on October 19, after the 
intravenous administration of 1,000 cc of 10 per cent dextrose m physiologic 
solution of sodium chloride preparatory to a cesarean section, contained 290 mg 
per hundred cubic centimeters, and the carbon dioxide-combining power was 30 
volumes per cent The remainder contained less than 200 mg per hundred cubic 
centimeters 

On October 19 a dead girl was delivered by classic cesarean section The 
baby was delivered with more difficulty than normal because of the tightness of 
the uterus and the size of the child (weight 10 pounds [4,536 Gm ], born three 
weeks prematurely) The cord was flat and encircled the neck two or three 
times The cord blood contained 120 mg of dextrose per hundred cubic centimeters, 
and the carbon dioxide-combining power was 18 volumes per cent The mem- 
branes and the placenta were greenish gray The baby had probably been dead 
for at least twenty-four hours, although the patient said she felt it the previous 
night 
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The autopsy, performed three quarters of an hour after delivery, showed a 
normally developed infant, weighing 4,540 Gm The heart blood contained 190 mg 
of dextrose per hundred cubic centimeters The pancreas appeared normal Micro- 
scopically, there were numerous islands (fig 2), many large, which varied m 
size from masses containing a few cells to some with diameters of 662 by 585 
microns The island cells and nuclei were moderately larger than average Some 
of the nuclei were extremely large, and a few were deeply chromatic Mitotic 
figures were rarely noted The cytoplasm was acidophilic and in some cells 
greatly increased The stroma, particularly m the vicinity of islands, was infil- 
trated with eosinophilic myelocytes, mostly of mature type The stroma also 
contained scattered small foci of hemopoietic cells (fig 2) 



Fig 2 (case 9) — Hyperplasia of the islands of Langerhans (Stained with 
phloxine and methjdene blue, X 189) 


COMMENT 

The report of the chemical findings in the blood has been arranged 
according to the data available for study Of the 9 infants of diabetic 
mothers, 4 infants (cases 3, 5, 6 and 9) had determinations of dextrose 
m the cord blood In 2 infants (cases 3 and 5) the postmortem sugai 
content of the heart blood was lower than that of the cord blood, and m 
2 infants (cases 6 and 9) it was higher , 1 of the latter 2 infants, however, 
was born dead The postmortem blood (heart) sugar m the former 2 
infants (cases 3 and 5) was 60 mg per hundred cubic centimeters, m 
each instance 

Case 4 was interesting because of twin births The blood sugai 
content of the first twin at birth was 120 mg per hundred cubic centi- 




c 
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meters , at six and one-fourth hours after delivery, 100 mg per hundred 
cubic centimeteis, and on the tenth day, 100 mg per hundred cubic 
centimeters The baby’s course was uneventful The blood sugar 
content of the second twin at birth was 110 mg per hundred cubic 
centimeters, at six and one-fourth hours after delivery, 40 mg per 
hundied cubic centimeters and 50 mg per hundred cubic centimeters 
The infant lived twenty hours, and a postmortem determination of the 
blood sugar, made three and one-half hours after death, showed 30 mg 
per hundred cubic centimeters The autopsy revealed a subtentorial 
hemorrhage 

In case 8, a determination of the blood sugar at the forty-eighth 
hour revealed 42 mg per hundred cubic centimeters In the succeed- 
ing ten hours, the baby received dextrose by mouth, with an apparent 
improvement m the general condition However, her condition then 
grew rapidly worse, and she died at the fifty-ninth hour, before intra- 
venous injections of dextrose could be given No terminal or post- 
mortem determinations of the content of blood sugar were made 

In case 7 the blood sugar content at birth was 62 mg per hun- 
dred cubic centimeters, and forty-eight hours later it was 57 mg 
per hundred cubic centimeters No postmortem determination was 
made The autopsy revealed congenital heart disease In case 2, only 
a postmortem determination of blood (heart) sugar was made , it showed 
220 mg per hundred cubic centimeters In case 1, no determination 
of the blood sugar was made Only 1 infant (case 8) received dextrose 
The mother of 1 infant (case 2) was admitted m acidosis with pneu- 
monia and received 1,500 cc of 5 per cent dextrose by clysis The 
time of administration with relation to the time of delivery was 
uncertain 

The mother of 1 infant (case 7) received 2 ounces (60 cc ) of orange 
juice with sugar at two and three hours previous to the cesarean section 
The mother of another infant (case 9) received 1,000 cc of 10 per 
cent dextrose intravenously The time of administration with relation 
to the time of delivery was uncertain 

Some investigators 3 have shown that normally the value for fetal 
blood sugar is low, whereas others 4 have found it to be about the same 

3 (a) van Creveld, S Carbohydrate Metabolism of Premature Infants 
Blood Sugar During Fasting, Am J Dis Child 38 912 (Nov) 1929 ( b ) 
McKittrick, J B Personal communication to the author 

4 (a) Rowley, W N Observations on the Blood Sugar During Pregnancy 

and the Puerperium, Am J Obst & Gynec 5 23, 1923 ( b ) Morriss, W H 

The Obstetrical Significance of the Blood Sugar with Special Reference to the 
Placental Interchange, Bull Johns Hopkins Hosp 28 NO, 1917 
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as the adult values McKittrick, 3b taking nearly simultaneous specimens 
of capillary blood, arterial cord blood and venous cord blood shortly 
after birth, found variations of 68 to 99 mg per hundred cubic centi- 
meters , 86 to 102 mg per hundred cubic centimeters, and 83 to 99 mg 
per hundred cubic centimeters, respectively Specimens of capillary 
blood taken at least three hours after the last feeding during the first 
fourteen days of life of 73 infants showed maximal daily values ranging 
from 93 to 160 mg per hundred cubic centimeters and minimal daily 
values ranging from 43 to 83 mg pei hundred cubic centimeteis 
Mornss 4b reported an average of 115 mg per hundred cubic centimeters 
for infants’ blood and 135 mg for maternal blood, and Rowley 48 
reported aveiages of 110 mg pei hundred cubic centimeters for maternal 
blood and 90 mg pei hundred cubic centimeters for cord blood Van 
Creveld 3a noted that blood sugar values obtained during fasting m the 
first month of the life of premature infants may be extremely low, and 
Schietter and Nevmny 2d noted low blood sugar values m normal infants 
for several days 

Of the blood sugar values obtained m this series the values m only 
2 cases diopped below 60 mg per hundred cubic centimeters One 
was 30 mg per hundred cubic centimeteis, which occurred m a twin, 
autopsy revealed a subtentorial hemorrhage The second twin had 
normal blood sugar figures and a normal course In the other case 
a single determination, made on the third day, showed 42 mg per 
hundred cubic centimeters No subsequent determination of blood 
sugar was made, and death was attributed to congestive heart failure 
This may represent a case m which hypoglycemia was at least a con- 
tributory factor 

These cases, with the 2 possible exceptions, indicate that blood sugar 
levels are not abnormally low m the infants of diabetic mothers In 
fact, it is possible that the high level of maternal blood sugar may raise 
the infant’s blood sugar above the usual level, at least for a few hours 

In 7 of the 9 infants of diabetic mothers, the weights of the pancreas 
varied from 0 8 to 10 Gm , the latter probably being too high Exclud- 
ing case 9, m which the pancreas weighed 10 Gm and case 4, m “which 
it was approximated at 5 Gm , the variation was from 0 8 Gm to 3 Gm 
In 2 cases (1 and 3) the pancreas weighed 0 8 and 1 2 Gm , respectively, 
and m both instances the infants weie born prematurely In 6 new- 
born infants of nondiabetic mothers, none of which were born pre- 
maturely, Ogilvie 5 found the weight of the pancreas to vary from 1 92 
to 408 Gm In my series of cases there is no definite evidence of an 
increase m the weight of the pancreases of infants of diabetic motheis 

5 Ogilvie, R F A Quantitative Estimation of the Pancreatic Islet Tissue, 

* Quart J Med 6 287, 1937 
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In figure 3, the mean area of the islands per pound of body weight 
is calculated for infants both of diabetic and of normal mothers Of 
the infants of nondiabetic mothers, excluding a single infant (case 9), 
the mean area of the islands ranged fiom 10,139 to 23,136 square 
microns, without any consistent correlation with weight In case 9, 
there was a definite increase in the mean area of the islands, 35,715 
square microns, and the cells appeared larger than average 6 
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6 No adequate chemical study has been made of either the mother or the 
infant , so it is possible that there may have been abnormal carbohydrate metabolism 
m either parent or child However, the mother’s tests showed no sugar in her 
urine, and so the mother may be presumed to have been nondiabetic at the time 
of delivery The infant took lactose on several occasions 

The baby’s color was intermittently poor, with cyanosis, frequent cries and 
twitching Death occurred at the forty-second hour Autopsy revealed consid- 
erable dilatation of the right side of the heart and passive congestion of lungs, liver 
and spleen The peritoneal cavity contained 25 cc of clear yellow fluid The brain 
was edematous 
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In contrast to these, the pancreatic islands of infants of diabetic 
mothers had a mean area ranging from 16,354 to 186,637 square microns 
Four of the infants of diabetic mothers had a mean island area larger 
than that of any of the control series If the single infant with large 
islands m the control series (case 9) is excluded, there are 6 of the 
infants of diabetic mothers whose mean island area exceeds that of 
the infants of normal mothers Of the 3 infants born of diabetic 
mothers whose mean island area falls within the range of that of the 
control senes, 2 infants (cases 1 and 3) could be classed as prematurely 
born, and a third infant (case 4) was not fully developed, although 
the mean area of the islands m all 3 infants could be considered within 
the range of the mean area of the islands of the control group Thus, 
there was a decided preponderance of large insular areas m the group 
born of diabetic mothers 

As will be noted by comparing the mean area of the islands with the 
maximum and minimal diameters of the islands, the mean area gives a 
much fairer picture In geneial, the smaller islands, whether of infants 
of diabetic or of those of nondiabetic mothers, show less variation m 
the diameters, as would be expected, and the larger islands show a 
greater degree of variation Even the minimal diameter of the islands 
of the infants of diabetic mothers is an appreciably greater diameter 
m most instances than the minimal diameter of those of the control 
series In other words, not only are there single islands which are 
larger m the series of infants of diabetic mothers than in the control 
series, but in addition the maximal diameters of the islands tend to be 
greater, and the minimal diameters tend to be greater , thus it is shown 
that the hypertrophy and the hyperplasia involve not only scattered 
islands but nearly all the islands These two series tend to differ both 
from the qualitative standpoint and from the standpoint of size of the 
islands of Langerhans, although there is some overlapping 

Microscopically, the infants of the control series, with the single 
exception that I described (case 9), exhibited an apparently average 
number of islands which were not increased in size The island cells 
were not increased in size and appeared normal The stroma occa- 
sionally contained minute foci of hemopoietic cells, m which only rarely 
an eosinophilic granulocyte could be identified In a single infant among 
the control series (case 9), the islands appeared increased in number, 
and there was also an increase in size of some of the islands and the size 
of some of the cells and nuclei The stroma rarely contained minute 
foci of hemopoietic cells, and rarely an eosinophilic gianulocyte could 
be identified within or near an island In 2 of the infants of diabetic 
mothers (cases 1 and 3) there was no apparent increase m the number 
of the islands, and the island cells did not appear enlarged The stroma 
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in a single infant (case 1) showed a scattenng of hemopoietic cells 
and lare eosinophilic granulocytes, paiticularly near the islands In 
another infant (case 3) the stroma was tenuous, was relatively increased 
and contained large numbers of hemopoietic cells, including a few 
eosinophilic granulocytes In 2 infants (cases 2 and 4) there appeared 
to be a slight increase m the number of the islands and a slight increase 
m the size of the cells The nuclei were slightly enlaiged, but occa- 
sionally they were much enlarged The stroma was not appreciably 
increased There weie scattered minute foci of hemopoietic cells, and 



Fig 4 — Maximal diameter of the islands of Langerhans compared with the 
weight of infants of diabetic and of nondiabetic mothers 

particularly m the vicinity of some of the islands there weie numerous 
eosinophilic granulocytes In 5 infants (cases 5, 6, 7, 8 and 9) the 
islands geneially appeared slightly increased m number, but this varied 
considerably with the different fields The cells of the islands also 
geneially appeared slightly to moderately enlarged, occasionally accom- 
panied by laige nuclei, most of which had a rather slight chromatin 
content, but occasionally the nuclei were deeply chromatic Mitotic 
figures were rarely observed The stroma was not increased and con- 
tained scattered minute foci of hemopoietic cells In addition, m 3 
infants (cases 5, 6 and 9), the stroma in the vicinity of some of the 
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islands, and to a less degree the stioma within the islands, contained 
eosinophilic granulocytes, most of which were mature Two infants 
(cases 7 and 8) showed this infiltration to a much less degree 

Four of the infants born of the diabetic motheis had a mean insular 
area much higher than that of any born of the normal mothers Six 
of the infants had an insular area laiger than all but a single infant of 
the control series The 3 infants of diabetic mothers that fell within 
the noimal range were small infants, 2 of them being definitely pre- 
mature If instead of the mean insular aieas the maximal diameter 
of any island is used (fig 4), only 1 infant of the group of diabetic 
mothers had an island greater than the largest of the islands in the 
control senes (case 9) However, if case 9 is excluded, 7 of the infants 
of diabetic mothers had a maximal island diametei greatei than that of 
the control series , and for 2 infants of diabetic mothers it was equal 
to that of the control series While hemopoiesis may occur m the 
panel eatic stioma or m the peri-insular tissue of infants born of non- 
diabetic mothers, it is only in the group born of diabetic motheis that 
theie is an appreciable eosinophilic infiltration In this series of infants 
of diabetic mothers which I have obseived, all showed it to a greatei 
or less degree, but it was usually more prominent in the infants with 
more striking anatomic variations m size These insular changes could 
not be correlated definitely with the variation in the carbohydrate 
metabolism of the mother This lack of correlation was possibly due 
to the very few observations of the sugar content of the maternal blood 
that had been made Unfoitunately, there was no definite correlation 
between the variations in insular area and the variations m blood sugar 
level either during life oi post mortem Howevei, all the infants for 
whom determinations of blood sugar were made during life, 5 m numbei, 
had had low values In infants of nondiabetic mothers, theie may be 
a comparable lowering of the blood sugar level 

The hyperplasia of the islands was probably a response to the diabetic 
state of the mother Whether this hypeiplasia was effected directly, 
through an increased demand for insulin because of elevated maternal 
and fetal blood sugar levels, oi was brought about indirectly, through 
the pituitary body or other endocrine glands, cannot be said I have 
no anatomic evidence to support the lattei view 

SUMMARY AND CONCLUSIONS 

The pancreases of 9 infants of diabetic mothers and of 9 infants 
of nondiabetic mothers were studied The islands of Langerhans in 
the infants of diabetic mothers exhibited a variable degree of hypei- 
trophy and hypeiplasia, most marked in those infants nearing full term 
when they were born The nuclei were fiequently enlarged and occa- 
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sionally hyperchioraatic The stroma and to a less degree the islands 
of the infants of diabetic mothers frequently were infiltrated with 
eosinophilic granulocytes, many of which weie matuie This infiltration 
of eosinophilic gianulocytes was not piesent m the control group 

One infant m the control gioup, whose mother was not known to 
have diabetes, showed hypei trophy and hyperplasia of the islands and 
no obvious anatomic cause of death 

I am forced to conclude that some infants of diabetic mothers have 
definitely larger amounts of insular tissue than infants of nondiabetic 
mothers This is particularly marked m those infants whose greater 
buth weights suggest a possible excess growth stimulus On the other 
hand, it must be recognized that a fair number of the panel eases of 
infants of diabetic mothers will fall m the normal range of insular size 
The determinations of blood sugar on the whole show little coi rela- 
tion with insular size, the lowest level of blood sugar, 30 mg per hundred 
cubic centimeters, occurring in an infant dying of subtentorial hemoi- 
rhage, and one of the higher values, 190 mg per hundied cubic centi- 
meteis, occurring m a stillborn infant who had the laigest islands of 
any m the series 

Dr Arthur T Hertig of the Boston Lying-In Hospital supplied the reports 
of cases 7 and 8, and Dr Herbert L Lombard of the Massachusetts Department 
of Public Health gave statistical advice 



ADJUSTMENTS IN CORONARY CIRCULATION AFTER 
EXPERIMENTAL CORONARY OCCLUSION 


WITH PARTICULAR REFERENCE TO VASCULARIZATION OF 
PERICARDIAL ADHESIONS 

HOWARD B BURCHELL, MD 

ROCHESTER, MINN 

As disease of the coronary arteries plays such a dominant role in 
cutting short the productive age of man, it has long been the subject of 
study The clinical observations of Morgagni, Rougnon, Heberden and 
Parry long preceded experimental studies on animals During the 
middle of the nineteenth century several investigators, among whom 
were Erichsen, 1 Panum, 2 von Bezold and Breymann 3 and Samuelson, 4 
observed the effects of ligation or embolism of the coronary arteries 
The discussions were mostly concerned with the manner of the cardiac 
standstill, and the experiments were not designed for study of the col- 
lateral circulation in the heart The greatest controversy arose over a 
manufactured term, “functional end artery/' which was introduced by 
Cohnheim and von Schulthess-Rechberg B m 1881 In the mam, the 
difficulty arose between the anatomists, who could so clearly see- the col- 
lateral vessels, and the experimental pathologists, who observed necrosis 
of the myocardium following ligation of the coronary arteries 

Kolster 6 (1893) studied the production of myocardial infarction 
through its many stages, Baumgarten 7 (1899) stated the belief that the 

From the Division of Experimental Medicine, the Mayo Foundation 

Abridgment of a thesis submitted to the Faculty of the Graduate School of 
the University of Minnesota in partial fulfilment of the requirements for the degree 
of Doctor of Philosophy m Medicine » 

1 Erichsen, J E On the Influence of the Coronary Circulation on the 
Action of the Heart, London M Gaz 2 561-564, 1842 

2 Panum, P L Expenmentelle Beitrage zur Lehre von der Embolie, 
Virchows Arch f path Anat 25 433-530, 1862 

3 von Bezold, A , and Breymann, E , 1867, cited by Porter 10a 

4 Samuelson, B Ueber den Einfluss der Coronar-Artenen-Verschliessung 
auf die Herzaction, Ztschr f klm Med 2 12-33, 1880 

5 Cohnheim, J , and von Schulthess-Rechberg, A Ueber die Folgen der 
Kranzarterienverschliessung fur das Herz, Virchows Arch f path Anat 85 503- 
537, 1881 

6 Kolster, R Expenmentelle Beitrage zur Kenntnis der Myomalacia cordis, 
Skandmav Arch f Physiol 4 1-45, 1893 

7 Baumgarten, W Infarction m the Heart, Am J Physiol 2 2 43-269, 1899 
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localization of infarction corresponded to the anatomic distnbution of 
the arteries, but Hirsch and Spalteholz 8 (1907), in a revolutionary 
paper, leported that there was no mortality following the ligation of the 
anterior descending artery in 8 dogs and 2 apes and that the region of 
infarction was smaller than the region supplied by this vessel Miller 
and Matthews 9 (1909), with the animals under ether anesthesia, were 
often able to ligate any one of the large coronary branches without 
immediate mortality, which is m striking contrast to the results reported 
by Cohnheim and von Schulthess-Rechberg and by Porter 10 (1894) 

Karsner and Dwyer 11 (1916) further studied myocardial infarction 
and drew attention to the irregular edge of the infarct as a probable 
indication of collateial cuculation Smith 12 (1918), in electrocardio- 
graphic studies of coronary occlusion, ligated large coronary branches, 
with a relatively small mortality 

The accompanying table shows some of the results of experimental 
coronary occlusion As the experiments were arranged for different 
pui poses, as different anesthesias and varying methods of insufflation 
were used and as vessels probably were tied m different locations, a great 
variability m results is to be seen It is unlikely that the heart exposed 
for hours would react similarly to one exposed for a few minutes in a 
rapidly executed surgical operation Further clarification of differences 
m results is to be attributed to the work of Otto 13 (1927), who showed 
that if the sympathetic neives were intact the heart fibrillated after 
coronary occlusion, while if they had been cut an hour previous to the 
occlusion the heart dilated and stopped in diastole A decrease in 
immediate mortality following ligation of coronary arteries after stellate 
ganglionectomy has been noted by Coelho and Rocheta 14 (1929) , Leriche 

8 Hirsch, C , and Spalteholz, W Coronararterien und Herzmuskel Anato- 
mische und experimentelle Untersuchungen, Deutsche med Wchnschr 20 790-795 
(May 16) 1907 

9 Miller, J L , and Matthews, S A Effect on the Heart of Experimental 
Obstruction of the Left Coronary Artery, Arch Int Med 3 476-484 (June) 1909 

10 (a) Porter, W T On the Results of Ligation of the Coronary Arteries, J 
Physiol 15 121-138, 1894, (6) Further Researches on the Closure of the Coronary 
Arteries, J Exper Med 1 46-70, 1896 

11 Kaisner, H T , and Dwyer, J E Studies m Infarction IV Experimental 
Bland Infarction of the Myocardium, Myocardial Regeneration and Cicatrization, J 
M Research 34 21-39 (March) 1916 

12 Smith, F M The Ligation of the Coronary Arteries An Electrocardio- 
graphic Study, Arch Int Med 22 8-27 (July) 1918 

13 Otto, H L Ueber die Beziehungen der Accelerantes zu den Folgen der 
Unterbmdung von Coronargefassen, Arch f d ges Physiol 217 528-530, 1927, 
The Extracardial Nerves IV An Experimental Study of Coronary Obstruction, 
Am Heart J 4 64-71 (Oct ) 1928 

14 Coelho, E, and Rocheta, J Recherches electrocardiographiques sur la 
ligature des arteres coronaires chez le chien, Compt rend Soc de biol 102 203- 
205, 1929 
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and Fontaine 15 (1933), Cox and Robertson 16 (1936) and Schauer, 
Gross and Blum 17 (1937) 

PERICARDIAL ADHESIONS AS A SOURCE OF BLOOD SUPPLY TO THE HEART 

Thorel 18 (1903) suggested that in a case of closuie of both coionary 
aitenes the heart might have leceived a blood supply through vessels 
in pencai dial adhesions Merkel 19 (1907) referred again to the pos- 
sibility of blood entenng the heart through adhesions, but in neither of 
these instances did the discussion go beyond the suggestion of that 
possibility 

Moritz, Hudson and Orgam 20 (1932) demonstiated m 4 hearts with 
paitial oi complete obliteration of the pencaidial sac by fibrous adhesions 
that after injection of the coronary arteries with a colloidal suspension 
of lampblack there was rich injection of the vessels of the parietal peii- 
cardium m all cases In none of the 4 cases were the coronary arteries 
significantly diseased 

After the observations of Moritz, Hudson and Oigam, Beck and 
Tichy 21 reported that m February 1932 they had begun expenments m 
which adhesions of the heart to various structures were pioduced and 
the vascularization was studied by the injection of an aqueous solution 
of feme feirocyamde Portions of the parietal pencaidium, mediastinal 
tissues, omentum and skeletal muscle were used as grafts on the heart 
The following mam conclusions were reached (1) Total occlusion of 
the right coronary aitery or partial occlusion of several coronary vessels 
was better tolerated if, through adhesions, a collateral vascular bed had 
been prepared for the heart, (2) in only a few expenments did infarc- 
tion supervene when pencai dial adhesions had been previously pioduced, 
and (3) vascularization from a collateral bed varied more or less directly 
with the extent of the constriction of the mam coronary vessels The 
authois emphasized that m one of the experiments about 85 per cent 

15 Leriche, R, and Fontaine, R Chirurgie des nerfs du coeur, Acta chir 
Scandinav 70 260-284, 1933 

16 Cox, W V , and Robertson, H F Effect of Stellate Ganglionectomy on 
the Cardiac Function of Intact Dogs and Its Effect on the Extent of Myocardial 
Infarction and on Cardiac Function Following Coronary Artery Occlusion, Am 
Heart J 12 285-300 (Sept ) 1936 

17 Schauer, G , Gross, L , and Blum, L Hemodynamic Studies in Experi- 
mental Coronary Occlusion Stellate Ganglionectomy Experiments, Am Heart J 
U. 669-676 (Dec ) 1937 

18 Thorel, C Pathologie der Kreislauforgane, Ergebn d allg Path u path 
Anat 91 559-1116, 1903 

19 Merkel, H Zur Kenntnis der Kranzarterien des menschlichen Herzens, 
Verhandl d deutsch path Gesellsch 11 127-131, 1907 

20 Moritz, A R , Hudson, C L , and Orgam, E S Augmentation of the 
Extracardiac Anastomoses of the Coronary Arteries Through Pericardial Adhesions, 
J Exper Med 56:927-931 (Dec) 1932 

21 Beck, C S , and Tichy, V L The Production of a Collateral Circulation 
to the Heart I An Experimental Stud}', Am Heart J 10 849-873 (Oct ) 1935 
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of the total cioss sectional area of both coionaiy aitenes was shut off 
with maintenance of the animal’s health 

Some modifications of these conclusions were published by Mautz 
and Beck, 22 particularly in respect to the inherent ability of anastomotic 
channels m the heart to enlarge and prevent infarction when a large 
coronary branch was slowly occluded However, they expressed the 
opinion that in some instances, m which the potentialities of the collateral 
vessels in the heart were not as great, there existed a favorable gradient 
of pressure across the newly formed vessels m the adhesions and that 
these enlarged and persisted, to function as carriers of blood to the 
heart 

O’Shaughnessy 23 stated that m 1933 he had been attracted by the 
ability of the omentum to increase in vascularity and had begun a series 
of experiments on cats and dogs, in which pedicled omental grafts were 
applied to the heart He reported that vascular communications arose 
between the omentum and the myocardium without destruction of the 
epicardium and irrespective of whether the coronary vessels were 
occluded O’Shaughnessy placed considerable emphasis on experiments 
m which greyhounds that had been subjected to ligation of the anterior 
descending artery were apparently benefited in their tolerance to exercise 
by the application of an omental graft to the heart 

Moia and Acevedo 24 observed that when pericardial adhesions were 
produced between the heart and the mediastinum, the muscle tissue or 
the great omentum, vascular connections weie produced These com- 
munications appeared as early as two or three weeks after opeiation and 
were demonstrated by the injection of dye into the graft and its appear- 
ance in the coronary vessels 

Lezius 25 studied the vascularity of the adhesions between the lung 
and the heart He observed that vasculai connections were regularly 
produced and stated the belief that the blood flow was toward the myo- 
cardium He expressed the opinion that hearts in which the right and 
left coronary arteries had been ligated remained completely efficient by 
reason of a Kardiopneumopexie, which supplied blood sufficient both m 
quality and m quantity 

22 Mautz, R R , and Beck, C S Augmentation of Collateral Coronary Circu- 
lation by Operation, J Thoracic Surg 7 113-131 (Dec ) 1937 

23 O’Shaughnessy, L An Experimental Method of Providing a Collateral 
Circulation to the Heart, Brit J Surg 23 665-670 (Jan ) 1936 Surgical Treat- 
ment of Cardiac Ischaemia, Lancet 1 185-194 (Jan 23) 1937 

24 Moia, B , and Acevedo, H J El tratamiento quirugico de la msuficiencia 
coronaria por la provocacion artificial de una circulation colateral al corazon, Rev 
argent de cardiol 3 225 (July-Aug ) 1936, abstracted, Ztschr f Kreislaufforsch 
29*703-704 (Sept IS) 1937 

25, Lezius, A Die anatomischen und funktionellen Grundlagen der kunsthchen 
Biutversorgung des Herzmuskels durch die Lunge bei Coronararterienverschluss, 
Arch f klm Chir 191*101-139, 1938 
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Grassi 26 studied the results of placing muscle grafts on the hearts 
of rabbits In the majonty of his experiments the left coronary artery 
was ligated at the same operation Vascular communications were 
demonstrated, and he apparently concluded that the reestablishment of 
the cardiac cnculation was through utilization of these vessels m the 
pencardial adhesions 

CRITICAL ANALYSIS OF THE LITERATURE 

Many of the facts pertaining to the possible function of adhesions 
as a mechanism of blood supply require more intense scrutiny In par- 
ticular, it is essential that the differentiation between the presence of 
vasculai connections and the actual blood flow should be further clarified 
This potential blood supply, seen most dramatically when pericardial 
adhesions are separated in the operating room, awaits proof of its 
adequacy and the direction of flow of the blood. 

For the enlargement of collateral channels, it would seem a requisite 
that a gradient of pressure across them should exist In theory, if the 
vascular network produced in the healing process between the heait and 
another tissue is to persist and to form enlarging collaterals, the coronary 
vessels would need to be constricted Beck and Tichy 21 and Mautz and 
Beck 22 expressed the belief that the results of their experiments were 
entirely in support of this supposition With the coronary vessels intact, 
it is theoretically possible that in the period of isometric contraction 
and m the fraction of a second between the rise of systolic pressure in 
the coronary and that in the peripheral arteries conditions might be 
favorable for blood to flow away from the heart 

It has been stated that when the coronary vessels were constricted to 
a certain extent the coronary flow was similarly diminished This must 
be an erroneous assumption, particularly when the length of the con- 
striction is small Mann, Herrick, Essex and Baldes 27 have shown that 
the internal diameter of a vessel may be decreased to half its original 
diameter over a distance of 8 to 10 mm without a significant reduction 
m the volume of blood passing through the vessel 

Robertson 28 expressed the opinion that in successive opeiations he 
was finally able to tie off the trunks of the mam vessels, an operative 
feat which is somewhat open to question He concluded that a number 

26 Grassi, A Contnbuto sperimentale alio studio del ristabilimento della 
circolazione cardiaca a mezzo di muscolo vitale previa legatura delle coronaire, 
Arch ital di chir 47*234-252, 1937 

27 Mann, F C , Herrick, J F , Essex, H E , and Baldes, E J Effect on 
Blood Flow of Decreasing Lumen of Blood Vessel, Surgery 4*249-252 (Aug) 
1938 

28 Robertson, H F The Reestablishment of Cardiac Circulation During 
Progressive Occlusion of the Coronary Arteries An Experimental Study on 
Dogs, Am Heart J 10.533-541 (April) 1935 
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of hearts were nounshed through pericardial adhesions and that he saw 
legions of heart muscle “obviously mfarcted” after separation of the 
adhesions What would be the appearance of the heart leading to such 
a conclusion is not readily conceived 

O’Shaughnessy, 23 m his illustration of perfusion of an omental graft, 
showed surpusmgly large quantities of the perfusate issuing fiom the 
aorta, but no actual figures for the quantity were given 

Lezius 25 showed convincing roentgenograms of hearts after injection 
through the pulmonary aitery, the most important pait in the proceduie 
being the use of a capillary-passing substance, a colloid suspension of 
thorium dioxide His experiments, designed to show the direction of 
flow in the pulmonary-cardiac adhesions, seem inconclusive He stated the 
belief that in 2 instances ligation of the mam bronchus, including the 
bronchial arteries, rendered the graft ineffective 

It is not my intention m this paper to discuss the results of the opera- 
tions for coronal y sclerosis m man The preliminary reports of Beck, 29 
of Beck and Tichy, 21 of Fell and Beck, 30 of O’Shaughnessy, 23 of Davies, 
Mansell and O’Shaughnessy, 31 of Griffith and Bates 32 and of Moia and 
Acevedo 24 may be mentioned, and the final complete repoits of the 
patients whose condition has been bettered will be most interesting 

ANATOMIC RELATIONS OF THE CORONARY ARTERIES OF THE DOG 

While the general configuration of the coronary architecture m the 
dog has long been known, certain variations from the human arrange- 
ment have not always received sufficient emphasis The coronary vessels 
in the dog’s heart were restudied by dissection and by roentgenographic 
methods, the observations were similar m general to those of Baum- 
garten, 7 of Spalteholz, 38 of Meek, Keenan and Theisen 34 and of 
Moore 35 

29 Beck, C S Further Data on the Establishment of a New Blood Supply 
to the Heart by Operation, J Thoracic Surg 5 604-611 (Aug ) 1936 

30 Fell, H , and Beck, C S The Treatment of Coronary Sclerosis and 
Angina Pectoris by Producing a New Blood Supply to the Heart, JAMA 
109 1781-1786 (Nov 27) 1937 

31 Davies, D T , Mansell, H E, and O’Shaughnessy, L Surgical Treat- 
ment of Angina Pectoris and Allied Conditions, Lancet 1 1 (Jan 1) , 76 (Jan 8) 
1938 

32 Griffith, G C, and Bates, W Heart Surgery Ventricular Perforation in 
Transplanting a New Blood Supply, Internat Clin 2 17-28 (June) 1938 

33 Spalteholz, K W Die Arterien der Herzwand Anatomische Unter- 
suchungen an Menschen- und Tierherzen nebst Erorterung der Voraussetzungen 
fur die Herstellung ernes Kollateralkreislaufes, Leipzig, S Hirzel, 1924 

34 Meek, W J , Keenan, M , and Theisen, H J The Auricular Blood 
Supply in the Dog General Auricular Supply with Special Reference to the Sino- 
Auncular Node, Am Heart J 4 S91-S99 (June) 1929 

35 Moore, R A The Coronary Arteries of the Dog, Am Heart J 5 743- 
749 (Aug) 1930 
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It is deemed desirable to diaw attention again to certain features 
The left coionaiy aiteiy divides within 2 to 4 mm into its descending 
and its circumflex blanch, making experimental occlusion of its mam 
stem practically impossible A laige septal branch arises from the region 
of bifurcation and runs backward and to the right into the muscular 
septum The diameter of this vessel is usually about two-thirds that of 
the anterior descending branch, but in occasional instances it may be as 
laige as the latter 


Superior* 
vena — 


Pulmonary-!-*, 
artery 


Right, 
ventricle 


P ulI -m on any. 
vems\ 

Inferior 
vena cava 




Superior 
vena cava 


(Right 

Ventricle 


/-fr 

/ ' Left coronary A. 

V 



Fig 1 — Dog’s heart, showing distribution of the coronary aitenes A, anterior 
aspect, B, posterior aspect, C, schematic drawing of the origins of the vessels, 
showing an accessory right coronary artery, the origin of the septal branch and 
the numerous small branches arising m the first portions of the arteries , D, acute 
marginal aspect, and E, view of the course of the septal branch as seen by opening 
the right ventricle and partially dissecting the septum 


The posterior descending artery is derived uniformly from the left 
circumflex vessel There is generally a vanably sized vessel, arising 
from the anterior descending artery, which ciosses the anterior inter- 
ventricular groove and runs downward on the right ventricle, parallel to 
its parent vessel 

The auricular branches show considerable variability, but the left 
pioximal branch and the right distal branch are generally the largest and 
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the most constant Occasionally, a bianch from the middle portion of 
the right coronary artery seems to leplace the distal branch as respects 
size and distribution (fig 1) 

The anastomoses between the coronary vessels are readily demon- 
strated to be numerous, as has been stated by Spalteholz 88 and by 
Moore 85 The anastomosis of the left proximal and the right distal 
auricular branches in the region of the ostium of the superior vena cava 
has been a constant observation While innumerable anastomotic chan- 
nels can be demonstiated on the surface of the heart when the coronary 
arteries are injected with India ink (fig 2), only a small proportion of 
these have appealed on the normal heart when the injection mass has 
contained barium sulfate (plain suspension or Gross’s 86 or Schles- 



Fig 2 — Anterior and obtuse marginal aspects of a normal dog’s heart, showing 
anastomoses, after injection of a mixture of agar and mdia ink 

mger’s 87 mixture) More numerous collateral channels are visible on 
the anterior surface, since posteriorly the large coronary branches pass 
into the myocardium more rapidly Though the muscle bundles have 
not been dissected out, it has been difficult to believe from this study 
that they could have a specific blood supply 

When the heart in situ was injected with mdia ink, small anastomotic 
channels leaving the heart along the pulmonary veins and superior vena 
cava, and to a lesser extent along the inferior vena cava, were readily 
demonstrated The vasa vasorum of the aoita were also injected, and 
m 1 instance, m an injection of a right accessory coronary artery, the 

36 Gross, L The Blood Supply to the Heart in Its Anatomical and Clinical 
Aspects, New York, Paul B Hoeber, 1921 

37 Schlesinger, M J An Injection Plus Dissection Study of Coronary Artery 
Occlusions and Anastomoses, Am Heart J 15 528-568 (May) 1938 
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materials flowed fiom a laige vasa vasoium about 4 cm above the aoitic 
onfice These obseivations are m accord with those of Spalteholz, 33 of 
Woodruff 38 and of Hudson, Montz and Weam 39 

REESTABLISHMENT Or THE CIRCULATION AFTER CORONARY OCCLUSION 

For observations on the development of both mtracardiac and extra- 
cardiac anastomoses it would be ideal to have a method by which vessels 
could be slowly occluded over much of their length Such an ideal has 
not been achieved, and it is necessary to preface the reports on the 
experiments with the statement that if one had had a perfect method 
of pioducmg a replica of coronal y disease, it might have been obseived 
that the anastomotic vessels had different arrangements, and pei haps that 
the extracardiac supply was more greatly augmented 

In one series of experiments, constricting collars, having an internal 
diameter of 1 5 to 2 5 mm and a length of 6 to 8 mm , weie placed on 
the tin ee mam coronary vessels m two operations, about two weeks apai t 
In the animals that survived the fust week, no evidence of any disability 
was manifest, and their tolerance to exeicise on a sloping tieadmill 
seemed equal to that of normal animals Three animals died suddenly 
m the period from the third to the fifth day, at a time when they weie 
active and showed every evidence of excellent lecovery fiom the opeia- 
tion At autopsy the lumens of the constricted vessels weie patent and 
myocaidial infarction was absent 

In some instances silver clips were used to constrict the coionary 
vessels, and unless the constriction was originally severe, the stenosis did 
not progiess It was thought possible that different types of metal might 
produce a greater tissue leaction, as has been indicated by the study of 
the leaction of tissue to metal prostheses m bone surgery (Venable, 
Stuck and Beach 40 ) Clips of silver, aluminum, copper, steel and nickel 
weie used, without any constant diffeience m the extent of tissue 
leaction When two metals were used close together in a constricting 
collar, theie was an increased prolif eiation of fibrous tissue, and small 
neciotic foci were seen microscopically In 1 instance a localized focus 
of necrosis m the arteiial wall with acute thiombosis of the vessel was 
observed, but this was a curiosity As a lule, m spite of inflammatory 
tissue aiound the vessel having a radius up to 1 cm there was no evidence 
of progression in the constriction The obseivations on the use of metal 

38 Woodruff, C E Studies on the Vasa Vasorum, Am J Path 2 567-569, 
(Nov) 1926 

39 Hudson, C L , Moritz, A R,andWeain, J T Extracardiac Anastomoses 
of the Coronary Arteries, J Exper Med 56 919-925 (Dec ) 1932 

40 Venable, C S , Stuck, W G , and Beach, A The Effects on Bone of the 
Presence of Metals, Based upon Electrolysis An Experimental Study, Ann Surg 
105 917-93S (June) 1937 
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bands are m accord with those o£ Halsted, 41 who, having placed con- 
stricting bands on the aortas of dogs, found that it was only when the 
lumen was almost, but not quite, occluded by the band that complete 
occlusion subsequently occurred 

With simple constrictions of the coronary vessels, there was fre- 
quently demonstrable a cuff of vessels bridging the constriction These 
vessels lay in the fat of the aunculoventncular groove and, micro- 
scopically were seen to be small, thick-walled aiteries In some instances 
in which the proliferation of fibrous tissue was extensive, small, newly 
formed vascular channels acted as bridges across the constriction 

For the production of chronic occlusion, a method was evolved which 
proved more efficacious than any other If a constricting collar of one 



Fig 3 — Two hearts after occlusion of the circumflex branch of the left coronary 
artery A , after acute ligation, B, chronic occlusion accomplished by metal collar 
which has completely sloughed out In the heart shown in A there was a myocardial 
scar in the posterior wall of the left ventricle, but in that shown in B the myo- 
cardium of all the ventricular walls was normal Note the auricular and ventricular 
anastomoses in B The arrows indicate the points ot occlusion 

metal or of a combination of metals was placed on a vessel and was 
loosely attached to a rib with a linen thread, it was found that complete 
obstruction of the vessel would occur in many instances without the 
production of myocardial infarction (figs 3 and 4) If severe constric- 

41 Halsted, W S The Results of Complete and Incomplete Occlusion of the 
Abdominal and Thoracic Aortas by Metal Bands, J A M A 47 2147-2148 (Dec 
29) 1906 
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tion of the coronary artery had been produced, it was found that ligation 
could later be earned out with minimal infarction (fig 4) 

By the combination of these methods, the right coionary artery and 
the circumflex and anterior descending blanches of the left coronary 
artery have been occluded in successive stages without the production 
of infarction and with the maintenance of normal cardiac function 

(fig 5) 



Fig- 4 — Two hearts after ligation of the anterior descending branch of the left 
coronary artery, (A) without a preceding period of constriction and (B) after a 
preceding period of constriction Both animals recovered completely There was 
a large myocardial scar m the heart shown m A and in the heart shown mBa very 
small one In A the right coronary artery has also been ligated, in B a branch 
on the obtuse margin has been ligated, and constricting clips have been placed 
on the right coronary artery In A the arrow indicates the point of ligation, m 
B the upper arrow indicates the constricting collar, and the lower arrow, the 
point of ligation 

In dogs that have suivived the immediate effect of ligation of the 
antenor descending blanch or the circumflex bianch, there is little or no 
evidence of caidiac disability after the mfaict has healed The scar of 
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the pievious mfaiction vanes gieatly m size and larely involves the 
whole thickness of the wall , moie often the wall letams some myocaidial 
tissue, particularly towaid its outei sui face When the left circumflex 
branch has been ligated and the dog suivives, the resulting infarction 
seveiely involves the posterioi papillaiy muscle, which has been obseived 
to be completely mfaicted and on one occasion luptuied, and as a 
late lesult to be lepresented only by a small scaned mass, to which the 
chordae tendmeae were attached 

In lare instances, a dog may suivive acute ligation of the anterior 
descending, cncumflex and light coronal v aiteiies, w hen these aie not 
tied too close to then origins, in successive operations One such dog 
seemed to be capable of noimal activity in spite of two large scars m 
the left ventricle, which were obseived latei on postmoitem examination 
(% 6 ) 



Fig 5 — Two hearts that had recovered fiom occlusion of the right coronary 
artery and of the circumflex and anterior descending branches of the left coronary 
artery In A the arrows indicate where the right coronary artery and the cir- 
cumflex branch of the left coronary artery had been occluded by metal bands and 
where the anterior descending blanch of the left coronary arterv had been ligated 
In B the arrows indicate where the right coronary artery had been destroyed by 
metal bands, where the circumflex blanch of the left coronary artery had been 
occluded by a band, which had sloughed away, and where the descending branch 
ot the left coronary artery had been ligated after a period of constriction by a 
metal band No macroscopic scar was observed in either heart Microscopically, 
small regions of fibrosis m the anterior wall of the ventricle were seen in the 
heart showm m A , normal myocardium was observed in the heart shown in B 


SITES OF ANASTOMOSES 

In expenmental occlusions of the coronary aitenes, it is axiomatic 
that the peripheral portion of the occluded vessel will be utilized m the 
leestabhshment of the blood flow When eithei the circumflex or the 
anterioi descending branch is occluded the mam site of anastomosis is 
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usually on the surface of the left ventncle When the cucumflex 
bianch has been obstiucted a laige anastomotic channel may sometimes 
be demonstiated between the light coronaiy and the left cucumflex 
aitery, at the ciux of the heait (fig 7), designated by Kugel 42 as that 
portion of the heait m which the two auricles and the two ventures 
meet Usually the anastomoses m this region are very small and play 
a negligible lole m the collateial cuculation (fig 8) With occlusion 



Fig 6 — A heart after successive ligations of the light coionary artery and 
of the circumflex and anterior descending branches of the left coronaiy arteiy, 
with recovery In the cross sections the postenoi wall of the ventncle lies to the 
left Note the complete injection of the arterial tree Note maintenance of the 
thickness of the ventricular wall m spite of the scars of the infarcted regions 

of the anterioi descending artery, the antenor branches fiom the right 
coionary artery aie fiequently enlarged but larely show communications 
with the anterioi descending aitery that will contain a baiium mixture 
With occlusion of the right coronary vessel, except for the auricular 

42 Kugel, M A Anatomical Studies on the Coronary Arteries and Their 
Branches I Artena Anastomotica Auriculans Magna, Am Heart J 3*260-270 
(Feb) 1928 



254 


ARCHIVES OF INTERNAL MEDICINE 



Fig 7 — A heart after injection of the right coronary artery only Previously 
there had been produced chronic complete occlusion of the circumflex branch of 
the left coronary artery and ligation of the anterior descending branch No gross 
myocardial scar was present An unusually large anastomotic branch at the crux of 
the heart is evident R C , indicates the right coronary artery , LC , the circumflex 
branch of the left coronary aitery, A D , the anterior descending branch, and A , 
anastomsis 



Fig 8 — Region of the crux of 3 hearts, 2 of which have been subjected to 
chronic occlusion of the circumflex branch of the left coronary artery and 1 of 
which has recovered from ligation of the same vessel The arrows indicate the 
small anastomoses that usually occur in this region 
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communications and the occasional presence of a large anastomotic 
vessel at the crux, it is moie difficult to demonstrate anastomoses by 
barium mixtures, but enlaiged vessels passing to the right coronary 
arteiy from the anterior descending branch are readily seen after injec- 
tions of mdia ink 

As the anastomotic channels aie placed m regions which can readily 
be shown to contain small communicating branches m the noimal 
heait, it is evident that the connections develop from preexisting vessels 
Apparently, the mam site of these connections depends on the vagaries 
in the development of the coronary vessels, and the communications 
which are congenitally the largest will far outstrip other potential com- 
municating vessels m the supply of a collateial cn dilation Thus, while 



Fig 9 — A heart aftei acute ligation of the septal branch (middle arrow), 
chronic occlusion of the right coronary artery (left arrow), ligation preceded by 
constriction of the anterior descending branch of the left coronary artery (right 
arrow) and ligation of the posterior descending blanch of the left coronary artery 
No macroscopic scar was observed in the heart Note the tortuous septal anas- 
tomoses 


m most instances the laigest anastomotic vessels are found over the 
apex of the left ventncle (fig 4 5),m some instances a large anastomotic 
channel may be piesent on the auncles (fig 3 B), oi more rarely at the 
ciux of the heart (fig 7) or m the substance of the septum (fig 9) 
That the hearts m which the three mam branches were occluded 
were nounshed through the mam coionaiy stems is indicated by the 
complete injection of the coionary tree through the coionary ostiums 
(figs 5 and 6) and is substantiated by the fact that the heart functioned 
noimally m a heart-lung expeinnent 
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EFriCACY OF TISSUE GRAFTS AS A NEW SOURCE OF BLOOD SUPPLY TO 

THE HEART 

Since, as has been shown, the mam coronary vessels could be seveiely 

constricted or occluded experimentally without disturbance of the cardiac 

function, it was necessary to set up different criteria of the efficacy of 

tissue grafts as blood carriers 

The following questions were subjected to scrutiny 

1 Would the presence of pericardial adhesions or tissue giafts on the 
heart with intact coronary arteries prevent or mitigate the seventy 
of myocardial infarction after coronary ligation ? 

2 Would the injection of tissue grafts and histologic study of the 
adhesions support the view that these were adequate to cany any 
consideiable volume of blood ? 

3 In a condition in which the coronary aitenes were clnonicaily 
occluded, would it be possible to demonstiate increasingly laige 
collaterals through the giaft? 

4 If a graft had been in place on the heart during chronic occlusion 
of the main coronary arteries, would theie be any disturbance of 
myocardial function after severing the stem of the graft ? 

5 Under the same conditions as those mentioned m 4, could there be 
demonstrated any blood flow through the graft ? 

6 Was there any evidence that the massive pericardial adhesions which 
were produced exerted any unfavorable effect on the function of 
the heart ? 

7 Could the experimental results be used in support of oi against 
clinical surgical applications ? 

The foiegoing questions were answered as follows 

1 It could not be demonstrated that pedicled grafts of pectoialis oi 
latissimus dorsi muscle oi of omentum had any beneficial effect m 
the prevention of infarction after ligation of the normally patent 
anterior descending artery when such grafts had been in place foi 
from three weeks to nine months One dog died on the operating 
table after ligation of this branch, 1 died suddenly twelve houis 
after the operation, 1 died of heart failure on the eighteenth day 
after operation, and 2 others which survived showed scars mvolvirg 
nearly the whole thickness of the ventricular wall (fig 10) Small 
amounts of india ink could be shown to pass into the tissue of the 
graft when injected into the coionary arteries, but no barium mixture 
passed through the communications 

2 and 3 In most instances the thin layer between the myocardium and 

the muscle graft was observed to contain vessels on histologic 
examination While the previous presence of coronary constriction 
seemed to favor the injection of an increased amount of india mk 
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acioss the graft, this was not necessanly tiue When thick sections 
of the myocardium and giaft weie dehydiated and cleaied, the thin 
intei vemng layei appealed clear and avasculai, even when both the 
heart and the giaft weie heavily loaded with mdia ink In 2 hearts 
the giaft was well injected with a suspension of barium sulfate 
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Fig 10 — Infarct in the myocaidium and vessels in the pericardial adhesions 
and in the muscle graft The deg died on the eighteenth day after ligation of the 
anteuor descending branch of the left coronary arter\ The muscle graft had been 
applied ten months previously 


through the injection of the coronary vessels, but the communications 
thiough the legion of the scai were not macroscopicalh distinct m 
the cleaied specimens 
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It was found that omental giafts formed adhesions to the heart 
that were readily separable, and that if no injury was done to the 
epicardium, adhesions were often completely absent When adhesions 
were present and injections of india ink were made into the omentum, 
small vessels entering the heart and filling the coronary arteries were 
sometimes seen These small vessels, which were few, were readily 
observed m cleared specimens No increase m vasculai ization was 
seen after progressive coronary occlusion, and in only 1 instance did 
a small amount of the suspension of barium sulfate enter any of the 
coronary arteries when this material was injected into the omental 
graft 

4 In 3 dogs with muscle grafts and in 3 with omental giafts on their 
hearts, m which occlusion of the three mam coronary vessels had 
been produced, the grafts were cut extrathoracically Except for 
1 dog that died of operative pneumothoi ax, lecogmzed too late for 
resuscitation, the animals were m no way inconvenienced by section 
of the graft , their tolerance to work on the inclined treadmill was 
unchanged, and theie weie no electrocardiographic changes to 
indicate loss of blood supply to the myocardium 

5 No significant volume of blood could be demonstiated to flow 
through the pericardial adhesions When a heart-lung preparation 
was made with the organs m situ, and the thoracic and abdominal 
parts of the aorta were separately perfused with a 30 per cent 
mixture of blood m Rmger’s solution and colored with blue azo dye, 
small amounts of the dye might appeal in the blood expelled by the 
heart By comparing the color of the supernatant fluid of a centri- 
fuged specimen of the blood ejected by the heart, before any 
recirculation has occurred, with that of serial dilutions of the 
perfusate entering the systemic arteries, the amount of fluid entering 
the heart through the extracardiac anastomoses may be estimated 
In all the heart-lung experiments the perfusing pressure into the 
grafts was kept at values between 110 and 130 mm of mercury, 
while the peripheral resistance m the heart-lung circuit was varied 
from 60 to 80 mm 

In preparations in 3 normal animals, dye was lecogmzed m the 
cardiac output in 2 animals, and quantitatively amounted to a flow 
of from 0 5 to 2 cc per minute In 1 animal with a muscle giaft 
and intact coronary vessels, the flow amounted to from 2 to 3 cc per 
minute, and in 1 animal with an omental graft and intact coronary 
vessels it amounted to from 2 to 4 cc per minute By this method 
it could not be shown that there was any increase m flow through the 
adhesions m cases of constriction or occlusion of the coronary arteries 

In 2 preparations in which the three mam branches of the coronary 
arteries were occluded, no dye at all could be recognized in the cardiac 
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output The giafts had been in place and the coronary aitenes had 
been progressively occluded over periods of from nine to twenty 
months 

6 The pericardial adhesions that were pioduced seemed to exert no 
harmful effect on the lieait Hypertrophy was seen in only 1 
animal This animal, aftei having had seven mtrathoracic opera- 
tions, appeared perfectly well, but when it was finally killed, the right 
ventricular wall was obseived to be definitely thickened, measuring 
0 6 to 1 cm In 3 instances, dogs died with congestive heart failure 
within two weeks after operation when muscle grafts had been 
extensively stitched to the right ventricle If, however, grafts were 
loosely applied to this ventricle, firm adhesions developed, and the 
opeiation was withstood as well as operations on the left ventricle 
Records of blood pressure obtained by the Hamilton technic, with 
simultaneous respiratory tracings, showed no pulsus paiadoxus, the 
venous pressures were normal, and tolerance to exercise was normal 
in animals later shown to have extensive adhesions between the 
heart and the wall of the chest 

7 It is difficult to make clinical application of conclusions drawn from 
animal experiments to a surgical operation designed to produce a 
blood supply to the heart From the expenments in the present 
work, it seems that the heart of the healthy dog possesses a 
mechanism of collateral blood supply of great individual variability 
but of extieme competence if it is allowed to develop by reason of 
constriction or slow occlusion of major coionary vessels The results 
reported do not necessarily vitiate the clinical applicability of this 
type of operation on the heart, but cause grave doubt concerning its 
experimental basis It is believed that if many more experiments 
had been performed the possibility of enlargement of vessels in 
pericardial adhesions might have become a reality, but it is doubted 
whether any experiment could be devised m which the heart could 
be made to beat as a result of perfusion of pericardial adhesions 

COMMENT 

It may be noted that m many ways the results of the opeiations on 
the present series of dogs are similar to those of Beck and Tichy 21 The 
mam difference lies in the interpretation of the lesults, with the 
additional demonstration that heai ts with the three mam vessels occluded 
functioned well when supplied with blood through the coronary ostiums 
in heart-lung preparations The behavioi of healthy coronary artenes 
is not unlike that of the systemic artenes in that occlusion m any one 
legion is readily bridged, if the occlusion does not occur too rapidly 
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These statements aie m accord with those of Mautz and Giegg 43 and 
of Mautz and Beck , 22 who observed large collateials to chiomcally 
occluded vessels, and with the results of Blum, Schauei and Calef , 44 
who found that in chiomc occlusion of the anterior descending aiteiy 
of the dog no infarction occuued in many instances It is believed that 
the last-named authois did not pay enough attention to the possibility 
that when infarction was piesent acute occlusion due to twisting of the 
clamp might have occuued 

It is believed that the expenments of Mann, Hernck, Essex and 
Baldes 27 on the maintenance of blood flow thiough constricted vessels 
explain why the hearts of many of the animals weie not inconvenienced 
by constricting collais on the coionaiy vessels 

The sudden death of the animals with constricted coronal y vessels, 
within a week of operation, has been thought to be due to ventuculai 
fibrillation and to be analogous to the sudden death of some patients 
with coronary disease m whom an acute lesion is not obseived on post- 
mortem examination 

The evident complete reestablishment of cardiac function after the 
healing of mfaiction m the experimental animal has not been stressed 
since the time of Hirsch and Spalteholz 8 

Knowledge of expenmental occlusion of coionary vessels has 
piogressed from the time when ligation of the vessels was found to 
be lethal, through stages of production of infarction and of recognition 
that the mfaict was smaller than the region supplied by the ligated 
vessel, to the present, when it has been demonstiated that if occlusion 
occuis slowly myocaidial injury may not lesult 

As a xule, the dogs in the present series weie not exeicised dui mg 
the first week after acute occlusion of then coionary vessels This is 
to be noted, as Sutton and Davis 45 have shown in studies of expen- 
mental myocardial infarction that if the animal is permitted to rest for 
a week after operation small film scars without thinning of the ven- 
triculai wall result, while if the animal is exeicised a thin bulging scar 
is seen 

In cases of injuries to the human heait, such as stab and bullet 
wounds, it has sometimes been necessaij' to ligate laige coionary 
arteries It is of consideiable interest that in these human hearts, in 
which a coronary artery had been ligated, if lecoveiy fiom acute mfarc- 

43 Mautz, F R , and Gregg, D E Dynamics of Collateral Circulation 
Following Chronic Occlusion of the Coronary Arteries, Proc Soc Exper Biol 
& Med 36 797-801 (June) 1937 

44 Blum, L , Schauer, G , and Calef, B Gradual Occlusion of a Coronary 
Artery An Expenmental Study, Am Heart J 16 159-164 (Aug ) 1938 

45 Sutton, D C, and Davis, M D Effects of Exercise on Expenmental 
Myocardial Infarction, Arch Int Med 48 1118-1125 (Dec) 1931 
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tion occuried, restitution of function was often complete For a review 
of these cases of caidiac injury with operative treatment, the report of 
Gronwald 46 is particularly instructive 

Concerning the innocuous effect of pencaidial adhesions, the present 
study confirms that of Hosier and Williams 47 It was not possible to 
study the ratio of heart weight to body weight except m a few instances, 
as the heart and the tissues adherent to it weie injected and fixed before 
study Heimann and Musser 48 have lepoited that adhesions lesulted 
m an increase m this latio, paiticulaily if mediastmitis had been pio- 
duced as well 

Observations that the uninjured epical diurn may not foim any 
adhesions to tissues placed on it aie in agieement with those of Klose, 40 
who found that he could leplace portions of the parietal pericardium 
with fat without the formation of adhesions 

As previous mvestigatoi s have pointed out, standardization of experi- 
ments dealing with repeated operations to occlude the coionary vessels 
is impossible, owing to anatomic variability m the artenes and unavoid- 
able variations m the operative proceduies In some instances, m which 
the heart had been subjected to several pievious operations, identification 
of vessels was difficult, and occasionally, when sutures weie used to tie 
off regions m which a vessel was thought to lie, injection at a later date 
showed the vessel to be still patent All the dogs were opeiated on under 
anesthesia induced with ether oi intravenous injection of pentobarbital 
sodium (nembutal), and surgical technic was used thioughout The 
chest was usually entered through an intercostal incision 

As has been mentioned in seveial places the tolerance of the animals 
to exercise was tested on an inclined tieadmill run by an electric motor 
at a constant rate The animal, pieviously tiamed to run on the tiead- 
mill, was allowed to run fiom twenty to thirty minutes at 3 miles (16 
kilometers) per hour on a slope of 25 degiees to the horizontal While 
this may not be severe exercise, it has been believed to indicate good 
cardiac function and stamina Foi 3 dogs with the three mam coionaiy 
blanches occluded, the test was altered by increasing the late to 4 5 rn.les 
(7 24 kilometeis) an houi and by decreasing the time to fifteen minutes, 
and these dogs behaved similarly to the noimal kennel dogs Two of 

46 Gronwald, G Ueber Spatfolgen nach Herzmuskel- und Coronatgefass- 
verletzungen, Arch f klm Chir 174 249-280, 1933 

47 Hosier, R M , and Williams, J E A Study of Cardiopencardial Adhesions, 
J Thoracic Surg 5 629-640 (Aug ) 1936 

48 Hermann, G , and Mussei , J H Experimental Pericarditis, Am Heart J 
4 268-279 (Feb ) 1929 

49 Klose, H Die reine Synechie, und der plastische Ersatz des Herzbeutels 
I Chirurgisch-experimenteller Teil, Arch f klin Chir 117 138-148, 1921 
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these animals received 1 cc of pitressm intramuscularly ten minutes 
previous to the test, without any apparent decrease m their tolerance to 
the standard test as outlined m this paragraph 

SUMMARY 

The anatomy of the coronary arteries m the dog is leviewed, with 
emphasis on the presence of a large septal branch and the free anasto- 
moses between the ventricular and the auricular coronary blanches 
Extracardiac communications on the great vessels at the base of the 
heart have been demonstrated without difficulty 

Constriction of the mam coronary vessels to an estimated 35 to 60 
per cent of their diameter over lengths of 7 mm caused no disability 
if the animals recovered from the immediate effects of the operations 
Ligation of severely constricted vessels could frequently be made without 
the production of infarction Complete occlusion without the production 
of infarction has been accomplished by constricting metal collars which 
were loosely anchored to the wall of the chest 

By these methods it has been possible to occlude the three mam 
coronary branches in the dog without the production of infarction or 
demonstrable cardiac disability Reestablishment of the circulation has 
occurred from the first branches of the coronary stems and by enlarge- 
ment of preexisting collateral channels 

So far as these studies on coronary occlusion m dogs are concerned, 
the role played by vascular channels m pericardial adhesions m supplying 
blood to the myocardium has been minimal or nonexistent The pos- 
sibility that the small vascular connections between a graft and the heart 
might develop to a functioning value cannot be denied, but m the expei l- 
ments seemingly favorable to such a result it has not occurred 
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In a paper which we published recently, 1 we showed that digitalis 
exerts a direct action on the systolic force of mammalian cardiac 
muscle Our preparation was the papillary muscle of the cat’s right 
ventricle immersed in Ringer’s solution We measured tension with the 
isometric lever and recorded it photographically Since the muscle was 
duven at a fixed rate, since there was no coronary circulation or sys- 
temic circulation and since the drug reversed the direction of failing 
systolic tension while the initial (diastolic) tension was maintained 
constant, we concluded that the digitalis glucosides increase the force of 
contraction of failing mammalian cardiac muscle by direct action on the 
muscle This effect applies to all the digitalis glucosides which have 
been used ouabain, digitoxm (Merck), digitahn (Nativelle) and 
digilanid C (Sandoz) Figure 1, reproduced from that paper, shows the 
essentials of the results 

Since then we have explored the matter further We have tested 
the effect of digitalis glucosides not only at optimum initial tension, but 
also at low and at excessive initial tensions The muscle was made to 
work m blood and serum as well as in Ringer’s solution We also 
recorded changes m initial tension as an expiession of “tone” during 
the action of the glucosides 

We found that the marked increase in the systolic force of contrac- 
tion which was originally obtained m Ringer’s solution also occurs 
when the muscle is immersed in blood and serum, that a similar effect 
is obtained when the muscle is operating at optimum initial tension and 
when it is inadequately stretched or oversti etched, and that the direct 

From the Department of Pharmacology of Cornell University Medical College 

A preliminary account of this work was presented at the International Physio- 
logical Congress in Zurich, Aug 18, 1938 (Kongressbencht II des XVI mter- 
nationalen Physiologenkongresses, Zurich, 1938, p 183) 

1 Cattell, McK, and Gold, H The Influence of Digitalis Glucosides on the 
Force of Contraction of Mammalian Cardiac Muscle, J Pharmacol & Exper 
Therap 62 116, 1938 
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action of the glucosides was one on systolic force and not on tone, foi 
tone considered as initial tension did not change when the systolic foice 
was mounting 

Figure 2 lllustiates the effect of one of the glucosides on the muscle 
m blood at optimum and at excessive initial tension Figure 3 shows 
the effect of the glucoside simultaneously on the tone and on the 



Fig 1 — Effect of different concentrations of digitalis glucosides on sjstolic 
tension in the papillary muscle of the cat 

Gm 



Fig 2 — Effect of digitalis glucoside on papillary muscle contracting undei 
optimum and under excessive diastolic tension Papillary muscle of a cat in a 
chamber containing the cat’s defibrinated blood was used The weight of the 
muscle was SO mg , and its resting length, 10 mm At optimum stretch diastolic 
tension equaled 1 7 Gm and systolic tension, 1 0 Gm When the muscle was over- 
stretched diastolic tension equaled 4 5 Gm and systolic tension, 0 55 Gm Records 
were taken at the two diastolic tensions alternately at five minute intervals, the 
shift to the new diastolic tension being made immediately after each tracing in 
order to allow about five minutes for attaining equilibrium at each tension before 
a record was made 

systolic foice of the muscle in blood serum The marked increase m 
systolic force is not attended by any changes in tone Figure 4 shows the 
type of records obtained in the expenments with the papillary muscle 





Fig 3 — Effect of digitalis glucoside on “tone” and systolic tension Ihe 
preparation consisted of a papillary muscle from the right ventricle of a cat in a 
chamber containing the cat’s serum Resting length of the muscle, was 11 5 mm , 
and its weight was 20 mg The diastolic tension was 1 2 Gm All the records of 
systolic tension were made at the constant diastolic tension of 1 2 Gm Tendency 
of the muscle to increase or decrease its diastolic tension was countei acted by 
allowing the muscle to lengthen or shorten as indicated in order to maintain a 
constant diastolic tension These adjustments of the muscle length reveal, therefore, 
the tendency of the muscle to change its “tone” (diastolic tension) through- 
out the experiment (upper line) Note that the muscle was capable of under- 
going changes in diastolic tension (tone) but failed to show any such changes 
during the action of the glucoside on systolic tension 
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Fig 4 — Selected tracings from the experiment charted in figure 3, showing 
the type of record obtained in the experiments on papillary muscle 
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A more detailed analysis of the action on muscle is provided by a 
number of workers Cattell 2 3 showed that under the action of digitalis 
striated muscle loses potassium, so that the effect may result from a 
disturbance of mineral metabolism with relative increase of calcium 
This hypothesis receives support fiom the subsequent finding by Wood 
and Moe s of an increase of plasma potassium after therapeutic and 
toxic doses of digitalis glucoside in heart-lung preparations and from 
the report of Calhoun and Harrison , 4 who found that the cardiac muscle 
of dogs loses potassium after large doses of digitalis Wedd 5 expressed 
the opinion that the release of potassium is a toxic phenomenon Peteis 
and Visscher 6 showed that under the action of digitalis heart muscle not 
only increases its total output of energy but utilizes energy more 
efficiently, converting a relatively greater amount into external work 

Since all the effects we observed occurred with concentration of the 
drug well within the range of doses used m therapeutics, we consider 
it justifiable to make an application of the results of the studies on 
papillary muscle We present the view that digitalis abolishes clinical 
heart failure by primary action on the heart muscle to increase the 
systolic force 

That digitalis increases the contractility of the heart is generally 
known Cohn and Stewart 7 demonstrated it m the dog by means of 
the moving film Starr and his collaborators 8 found that in man the 
constant effect of digitalis was to increase the ratio of work per beat 
to the size of the heart On the basis of the change m this latio they 
defined stimulation of the heart and their results showed that the drug 
produces the same effect on normal hearts as on those m failure How- 
ever, the evidence for a primary action on systolic force was not con- 

2 Cattell, McK The Influence of Ouabain on the Contraction of Striated 
Muscle, J Pharmacol & Exper Therap 62 459, 1938 

3 Wood, E H , and Moe, G K Studies on the Effect of the Digitalis Gluco- 
sides on Potassium Loss from the Heart of the Heart Lung Preparation, Am J 
Physiol 123 219, 1938 

4 Calhoun, J A , and Harrison, T R Studies on Congestive Heart Failure 
IX The Effect of Digitalis on the Potassium Content of the Cardiac Muscle of 
Dogs, J Clin Investigation 10 139, 1931 

5 Wedd, A M The Influence of Digoxin on the Potassium Content of 
Heart Muscle, J Pharmacol & Exper Therap 65 268, 1939 

6 Peters, H C , and Visscher, M B The Energy Metabolism of the Heart 
m Failure and the Influence of Drugs upon It, Am Heart J 11 273, 1936 

7 Cohn, A E , and Stewart, H J The Relation Between Cardiac Size and 
Output Per Minute Following the Administration of Digitalis in Normal Dogs, J 
Clin Investigation 6 53, 1928 

8 Starr, I , Gamble, C J , Margolies, A , Donal, J S , Jr , Joseph, N , and 
Eagle, E A Clinical Study of the Action of Ten Commonly Used Drugs on 
Cardiac Output, Work and Size, on Respiration, on Metabolic Rate and on the 
Electocardiogram, J Clin. Investigation 16 799, 1937 
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elusive, because the experiments bearing on this matter were susceptible 
of alternative explanations So little conviction did they carry that at 
present the most popular formulations as to how digitalis abolishes 
clinical heart failure take little cognizance of a primary action on systolic 
force and explain the increased force of the heait beat as the indirect 
result of other effects of digitalis, namely (1) primary slowing of the 
rate, (2) primary action of inci easing cardiac tone, that is, shortening 
the muscle so as to bring it to a more favoiable length, (3) pooling of 
blood m the liver by primary constriction of the hepatic veins, thus 
lowering the venous pressure and relieving the overdistended heait, 
and (4) reducing the size of the heart that is overdilated to facilitate 
coionary flow 

We may now proceed to consider the evidence bearing on the “rate” 
hypothesis, the “tone” hypothesis and the “liver” hypothesis of digitalis 
action 


“rate” hypothesis of digitalis action 

Digitalis produces its most dramatic effects on the symptoms and 
signs of heart failure in patients with auricular fibrillation m whom 
pronounced ventricular slowing occurs This has given rise to the view 
that slowing is the piimary effect of the drug (depression of aunculo- 
ventncular conduction) and the cause of the improved caidiac function 
Lewis (1919) 9 attributed the therapeutic effects solely to slowing The 
thoroughly controlled studies by Luten (1924) 10 and Marvin (1927) 11 
on gioups of patients with regular sinus rhythm and heart failure with 
edema (especially m arteriosclerotic cardiac disordeis) showed beyond 
reasonable doubt, however, that cardiac slowing is not essential to the 
therapeutic effect of digitalis While in some of those cases m which 
the rate was rapid during the failure slowing took place simultaneously 
with improvement, m many others the rate was normal duung the stage 
of failure and lemamed unchanged even during dramatic relief of the 
symptoms and signs of heart failure 

In the normal animal the heart rate may speed up as high as 200 
a minute before the circulation begins to suffer (Wiggers, 1931 12 ) 
The cntical level, however, is probably shifted by many factors, such 

9 Lewis, T On Cardinal Principles in Cardiological Practice, Brit M J 
2 621, 1919 

10 Luten, D Clinical Studies of Digitalis I Effects Produced by the Admin- 
istration of Massive Dosage to Patients with Normal Mechanism, Arch Int 
Med 33 251 (Feb) 1924 

11 Marvin, H M Digitalis and Diuretics m Heart Failure with Regular 
Rhythm, with Especial Reference to Importance of Etiologic Classification of 
Heart Disease, J Clin Investigation 3*521, 1927 

12 Wiggers, C J Physiologic Meaning of Common Clinical Signs and Symp 
toms in Cardiovascular Disease, J A M A 96 603 (Feb 21) 1931 
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as the capacity of the muscle, possibly the chaiacter of the lhythrn 13 
and the coronary blood supply Theie is no way at present of determin- 
ing what rate is excessive in various conditions, but the view pievails 
that heart rates appreciably above noimal aie injurious to cardiac 
contraction 

We may present, therefoie, some of the evidence against the a prion 
assumption that slowing the ventnculai rate will improve the caidiac 
function and abolish signs of heart failure 

1 In the experiments with the papillary muscle we observed that 
increasing the late of stimulation usually did not diminish but rather 
mci eased the force of the contraction, whether the lhythm was legulai 



Fig 5 — Effect of rate on tension in papillary muscle In experiments B and C 
the acceleration took place spontaneously , m A it was induced by speeding up the 
electric stimulation 


or irregular This applied over a wide lange of lates, from 50 to as high 
as 200 a minute Figure 5 lllustiates such experiments Similar obsei- 
vations have been made independently by Kiuta 34 (1937) 

2 It is well known that one pl^siologic response to physical stress 
is caidiac acceleration When the stiess is ovei the late slows The 

13 Stewart, H J , and Cohn, A E Studies on the Effect of the Action of 
Digitalis on the Output of Blood from the Heart II The Effect on the Output 
of the Hearts of Dogs Subject to Artificial Auricular Fibrillation, J Clm Investi- 
gation 11 897, 1932 

14 Kruta, V Sur l’activite rythmique du muscle cardiaque I Variations de 
la reponse mecanique en fonction du rythme, Arch internat de physiol 45 332, 
1937 
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heait rate of the aveiage untreated patient with auncular fibrillation 
and heart failure is of the older of 130 or 140 a minute If the lapid 
late weie embarrassing the heait and cuculation, it is stiange that the 
heart would not beat moie slowly, since the ventricle m most cases 
of auricular fibrillation obeys the same laws which legulate the normal 
sinus lhythm, atropine accelerates the late, the heart beats fastei during 
effort, it slows during rest, and it is subject to physiologic vagal conti ol 
It seems justifiable to assume, therefore, that this rapid rate is, in man) 
cases at least, a favoiable adaptation to demands rather than the cause 
of failure 

3 The veiy close association between weakness of the heait and 
cardiac slowing after ordinary therapeutic doses of digitalis and the 
lesistance to slowing when the heart is not damaged stiongly suggest 
that slowing by digitalis is m most cases secondaiy to pnmaiy nnpioie- 
ment of the heart function This point of view has been recently 
developed in interesting contributions by Luten 15 and by Luten and 
Jeffreys 10 Additional evidence indicating that the vagal phase of slow- 
ing by digitalis m cases of auncular fibrillation is secondary to improved 
function is piesented in a study by Gold, Kwit, Otto and Fox 1T 

These lines of evidence leave scant support for the view that caidiac 
slowing is a pnmaiy action by which digitalis abolishes heart failure 
in the average patient with sinus lhythm oi with aunculai fibi illation 

CARDIAC OVERDISTENTION AS A CAUSE OF TAILURE 

In heait failuie blood tends to accumulate on the venous side of the 
pulmonary oi the systemic cucuit, depending on whethei the failure is 
pi edommantly of the light oi of the left ventricle The resulting 
increase m the diastolic pressuie in the ventncles sti etches the muscle 
fibeis, which, m accordance with Starling’s “law of the heait,” 18 increase 
then eneigy output as they glow longer The lengthening of the muscle 
fibers (enlaigement of the heait) with the mciease in the venous pres- 
suie must theiefore be viewed as an adaptive mechanism by which the 
weakened heait muscle may boost its output of eneigy to meet the 
demands of the cuculation Heart muscle may be lengthened to a 

15 Luten, D The Relationship of Tachycardia to Cardiac Insufficiency, Am 
Heart J 12 435, 1936 

16 Luten, D , and Jeffreys, E O The Clinical Significance cf Auncular 
Fibrillation, JAMA 107 2099 (Dec 26) 1936 

17 Gold, H , Kwit, N T , Otto, H , and Fox, T Physiological Adaptations 
in Cardiac Slowing by Digitalis and Their Bearing on Problems of Digitalization 
in Patients with Auricular Fibrillation, J Pharmacol & Exper Therap 67 224, 
1939 

18 Starling, E H The Lmacre Lecture on the Law of the Heart, Given at 
Cambridge, 1915, London, Longmans, Green & Co , 1918 
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critical point, however, beyond which further stretching tends to dimm- 
ish the force of contraction The belief prevails that in clinical heart 
failure dilatation may have proceeded to such an unfavorable degree 
as to embairass the force of the heart’s contraction From this the 
notion arises that the function of the heart will be improved if the 
diastolic length is shortened so that the heart is no longer oversti etched 

The “liver” hypothesis and the “tone” hypothesis of digitalis action 
have one point in common, namely, both involve the assumption that 
m heart failure the cardiac muscle is overdistended, that the fiber has 
been stretched beyond the critical point and that if its diastolic length 
can be shortened its systolic force will increase One of the views 
assumes that the shortening is brought about by direct action of digitalis 
on the diastolic size of the heart The other assumes that the diastolic 
size of the heart becomes less because the venous pressure is lowered 
by pooling the blood in the liver 

The fiist objection to these hypotheses is that there is no reason 
for supposing that the heart muscle is overstretched (overdilated cham- 
bers) in ordinary cases of heart failure What is the pressure that will 
overstretch the heart muscle ? The only pressure is the venous pressure, 
and its magnitude is not sufficient to cause overstretching of ventricular 
muscle 

In experiments with the isolated papillary muscle we observed the 
well known phenomenon that as the length of the muscle is increased 
within a certain range the systolic tension rises and as the muscle is 
shortened the systolic tension falls It is extremely difficult to over- 
stretch heart muscle In our experiments with the papillary muscle 
as well as with strips of the right ventricle we observed that these 
muscles must be stretched by a force equal to or exceeding the systolic 
tension before they become overstretched, 1 e , before the systolic tension 
begins to fall Forces of that magnitude are not encountered m heart 
failure Venous pressure m clinical heart failure is rarely as high as 
15 cm of water, and even such high venous pressure is only about 25 
per cent of the systolic pressure m the light ventricle Experimentally, 
therefore, heait muscle is not in an overstretched state when there pre- 
vail such high ratios of systolic to diastolic tension as occur m the 
average case of heart failure 

The critical venous pressure m the dog has been placed between 
about 25 and 30 cm of saline solution by Wiggers and Katz 19 Up to 
this level as the venous pressure was raised the cardiac discharge 
increased, but beyond it the heart began to fail and the discharge dimin- 
ished 

19 Wiggers, C J, and Katz, L N The Contour of the Ventricular Volume 
Curves Under Different Conditions, Am J Physiol 58 439, 1922 
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We performed a senes of 4 experiments on cats in the hope of 
throwing further light on the effect of high venous pressures on the 
systolic foice of the ventricle and the influence of raising and lowering 
the venous pressure during acute heart failure under these conditions 
The cats were anesthetized with a solution of diallylbaibitunc acid with 
ethyl caibamate (solution dial-ciba with urethane) Diastolic and 
systolic tensions m the left ventricle weie recorded optically by a 
Wiggers modification of the Frank optical manometer A cannula 
was inserted into the left auricle and connected to a reservoir by means 
of which venous pressure could be laised or lowered Changes m 
pressure were recorded after complete occlusion of the ascending aoita 
close to the heart Typical results are shown in figuie 6 A rise of 
diastolic tension was always associated with increased foice of the heart 
(increased systolic tension) In figure 6 B the ventucle became stronger 
even with such rises in diastolic tension as from 46 8 to 76 mm of 
meicuiy, the latter cori espondmg to a venous piessure of 98 7 cm 
of water This diastolic tension was appioximately one third of the 
systolic tension m the left ventricle When the heart began to fail as 
the result of overwork and impaiied circulation the systolic and 
diastolic pressures fell The failing heart, however, obeyed the same 
law as it had in the normal state With lowei mg of the venous pressui e 
the foice of contraction declined, and with raising of the venous pres- 
sui e the force increased Considering the failing heart as “ovei- 
stretched” m that state in which a reduction of the stretch increases its 
force of contraction, one notes that even under these extreme conditions 
of failure and high venous pressui e the heait did not behave like an 
overstretched muscle 

How some of these matteis stand m man cannot be stated with cer- 
tainty The importance of elevated venous pressure as an adaptive 
mechanism m clinical heait failure has been emphasized by seveial 
woikers (Harrison 20 , McMichael 21 ) It has been pointed out by Alt- 
schule 22 that normally a rise m venous pi essure increases the cai diac 
output but that the high venous pressure in failure is associated with 
a diminished cardiac output However, this difference may be only 
quantitative McMichael 21 secured interesting evidence m cases of 
heart failure m man to the effect that the failing heart does not behave 
like an overstretched heart and that its output differs only quantita- 
tively from the noimal In normal man a change from the erect to 

20 Harrison, T R Failure of the Circulation, Baltimore, Williams & Wil- 
kins Company, 1935 

21 McMichael, J The Output of the Heart m Congestive Failure, Quart J 
Med 7 331, 1938 

22 Altschule, M D The Pathology of Chronic Cardiac Decompensation, 
Medicine 17 75, 1938 
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the supine position causes a use in the venous piessuie, which m turn 
is attended by an increase in the caidiac output McMichael found that 
diseased heaits become less susceptible to inciements of venous pressure , 
such rises of venous pressure as occur with postural change pioduce 
progressively smaller increases in cardiac output as the heart fails Even 
when the failure is fairly advanced and postural changes in venous pi es- 
sure are ineffectual, however, the laiger increase in venous pressuie 
caused by exercise is attended by an increase in the cardiac output 
The study by McGuire, Shore, Hauenstem and Goldman 23 also shows 
that even in patients with congestive heart failure exercise causes an 
increase in the cardiac output, although this increase is less than occuis 
in normal persons with similar exeicise The results of these studies m 



Fig 6 — Charts showing the typical effect of venous congestion on the force 
of contraction of a heart failing as the result of occlusion of the aorta 

man are strikingly similar to those obtained in oui expenments with the 
cat’s heart shown m figure 6 

The view pievails that m heart failure the muscle m its lestmg period 
is lacking m fitness for its subsequent systolic conti action The term 
“diminished tone (oi tonus)” is applied to this lack of fitness, although 
there is no geneial agreement as to the physical or physiologic natuie 
of this property It is commonly considered synonymous with elasticity 
m the sense of resistance to deformation (Henderson 24 ) If tone of 
heait muscle is so regarded, one may point out that reduced tone is not 
necessarily attended by diminished force of contraction (see fig 7) 

23 McGuire, J , Shore, R , Hauenstem, V , and Goldman, F Influence of 
Exercise on Cardiac Output m Congestive Heart Failure, Arch Int Med 63 469 
(March) 1939 

24 Henderson, Y Volume Changes of the Heart, Physiol Rev 3 165, 1923 
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In one experiment in which the papillaiy muscle was stretched 4 mm the 
foice of the systolic contiaction (systolic tension) was 10 mm and the 
lesistance to stretch (initial tension) was 91 mm (high tone) When, 
after further stretching, the muscle was released to the pievious 
length, i e , 4 mm longer than resting length, the resistance to the 
maintenance of this length (initial tension) was lower than befoie, 
namely, 55 mm (lower tone), but the systolic foice was higher 
(14 5 mm) Evidence supporting a similar conclusion (favorable 
influence of lowered tonus) has been reported for the intact dog’s heart 
by Johnson and Katz 25 It is theiefore not necessarily desirable m the 
case of the failing heart to attempt by diugs or othei means to mciease 
tone m this sense 

The foregoing considerations indicate that clinical heait failuie may 
not involve a state m which the heait muscle is oveisti etched and 



Fig 7 — Changes in tension in the strip of the right ventricle of a cat in Ringer’s 
solution and stimulated at intervals at three different lengths (2, 2 and 3) 
Tracing 1 A was taken immediately after the muscle was stretched to that length, 
1 B, five minutes later Tracings at lengths 2 and 3 were similarly obtained Note 
that when equilibrium was reached after the muscle was stretched to a new length, 
the diastolic tension fell (rise of the base line) and the systolic tension rose 

that the validity of the objective of i educing the diastolic size of tne 
heart as a means of increasing the foice of the heart’s contraction is open 
to question 

It is known that l educing venous congestion oi return flow to the 
heait may exert a favorable influence m cases of clinical heait failuie 
although the output may fall, 21 as seen sometimes m the beneficial 
theiapeutic effects of venesection, of constriction of the veins of the 
limbs by tourniquet and of the standing postuie in cases of acute failuie 
of the left side of the heait Theie is no reason for assuming that the 
beneficial effects are the result of reducing ovei distention of the venti lde 
They can be brought about in other ways It is known, for example, that 

25 Johnson, V , and Katz, L N Tone in the Mammalian Ventricle, Am T 
Physiol 118 25, 1937 
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venesection m normal subjects increases the vital capacity , 20 a factor 
that might influence favorably the exchange of gases m heart failure 
It may also dimmish the viscosity of the blood 27 

In perfusion experiments with surviving human hearts, ICountz 
and Smith 28 found that the coronary flow fell off considerably when 
the heart was dilated as the result of asphyxia In the case of a large 
heart with failure it might be argued that the heart is not overdilated 
and yet is sufficiently dilated to mterfeie with the coronary circulation 
The quantitative aspect of this relationship is the deciding one, but 
concerning this we have no evidence 

"liver” hypothesis op digitalis action 

Dock and Tamter 29 developed the hypothesis that the diminution 
in the size of the heart and m the cardiac output that occurs m the normal 
pel son after the administration of digitalis is due to a direct constrictor 
action of digitalis on the hepatic veins This opinion was based on the 
observations m the dog that under the action of digitalis the portal pres- 
sure rises, the liver enlarges, and the venous pressure falls In their 
experiments Katz and his associates 30 confirmed this phenomenon m 
the dog, and they concluded that in man digitalis acts not on the heart 
to abolish heart failure but on the liver to constrict the hepatic veins, 
exercising its favorable effect by pooling blood in the liver, which in 
turn reduces the venous congestion and the overdistention of the heart 
which they believe exist Whether digitalis causes significant pooling 
of blood m the liver in man has been fully considered and answered m 
the negative by Cohn and Steele 31 Digitalis does not cause enlargement 
of the liver or reduce the venous pressure in normal man 31 

26 Budelmann, G Ueber den Einfluss des Aderlasses auf die Vitalkapazitat 
der Lunge beim gesunden Menschen, Klin Wchnschr 16 704, 1937 

27 Lewis, T Diseases of the Heart, New York, The Macmillan Company, 
1934 

28 Kountz, W B , and Smith, J R The Flow of Blood in the Coronary 
Arteries in Pathological Hearts, J Clm Investigation 17 147, 1938 

29 (a) Dock, W, and Tamter, M L The Circulatory Changes After Full 

Therapeutic Doses of Digitalis, with a Critical Discussion of Views on Cardiac 
Output, J Clin Investigation 8 467, 1930 (&) Tamter, M L , and Dock, W 

Further Observations on the Circulatory Actions of Digitalis and Strophanthus, 
with Special Reference to the Liver, and Comparisons with Histamine and Epineph- 
rine, ibid 8 485, 1930 

30 Katz, L N , Rodbard, S , Friend, M, and Rottersman, W The Effect 
of Digitalis on the Anesthetized Dog I Action on the Splanchnic Bed, J Pharm- 
acol & Exper Therap 62 T, 1938 

31 Cohn, A E , and Steele, M Studies on the Effect of the Action of Digi- 
talis on the Output of Blood from the Heart I The Effect on the Output of the 
Dog’s Heart in Heart-Lung Preparations, J Clm Investigation 11 871, 1932 
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In 1909 Schmid 32 made some measuiements of the portal pressure m 
the cat after administration of digitalis The results were variable, 
and the experiments were not described in sufficient detail to permit 
analysis We pei formed some experiments to test the phenomenon In 
each of 4 cats we made simultaneous records of the pressui e m the portal 
vein and m the carotid artery during the administration of ouabain 
(3 cats) and tincture of digitalis (1 cat) Various anesthetics weie 
used a mixtuie of dial, ethyl carbamate and morphine to produce deep 
narcosis (1 cat) , soluble barbital U S P (sodium baibital) and 
morphine (2 cats), and ethei (1 cat) The results weie substantially 
similar m all the animals Occasionally the digitalis pioduced a rise m 
the carotid pressure, but the usual effect was a piogiessive fall — results 
similar to those descnbed by Travell, Gold and Modell 33 In no instance, 
howevei, did the poital pressure show a rise dunng the injection of the 
digitalis bodies The leactions m all the cats weie consistent in showing 
a fall m portal pressure after about 25 oi 30 pei cent of the fatal dose 
had been injected The fall continued until the heart stopped Dunng 
the asphyxia a rise usually took place In 1 experiment on the dog 
with the same technic we obtained, on the contrary, a marked rise of the 
portal pressui e, similar to the results reported by Dock and Tamter £Dn 
and by Katz and his associates 30 Typical results aie illustrated m 
figure 8 

Constnction of the hepatic veins by digitalis, therefoie, does not 
occur m the cat and appears to be a phenomenon peculiar to the dog 
Bauer, Dale, Poulsson and Richaids 34 have shown that the liver of the 
dog possesses a special sluice mechanism not present in the cat This 
sphincter mechanism near the caval openings of the hepatic veins m the 
dog responds to histamine by maiked constriction The anatomic 
counterpart of this physiologic diffeience is a heavier muscular coat m 
the hepatic veins of the dog than in those of the cat The authors 
observed that “the hepatic veins m the human liver resemble those of 
the cat rather than those of the dog ” 

“tone” hypothesis of digitalis action 

The hypothesis that digitalis increases the caidiac output m cases 
of heart failure by a duect action on cardiac tone receives its strongest 
support from the careful experiments of Cohn and his collaborators 

32 Schmid, J Beeinflussung von Druck und Stromvoiumen m der Pfortader 
durch die Atmung und durch experimentelle Emgriffe, Arch f d ges Physiol 
126 165, 1909 

33 Travel!, J , Gold, H, and Modell, W Effect of Experimental Cardiac 
Infarction on Response to Digitalis, Arch Int Med 61 184 (Feb ) 1938 

34 Bauer, W , Dale, H H , Poulsson, L T , and Richards, D W The 
Control of Circulation Through the Liver, J Physiol 74 343, 1932 
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Cohn and Stewait (1928) 7 observed in the dog that digitalis mci eased 
the excursion of the ventricular contraction (moving film) and 
reduced the size of the heart (roentgenogram) They ascnbed the 
change m diastolic size to a direct action on tone and the change in 
excursion to a direct action on contraction and maintained that these 
two actions produce opposing lesults with respect to output, the action 
on size tending to reduce output and the action on contraction tending to 
increase it In subsequent papers, especially in the one by Cohn and 
Steele, 31 the direct action on systolic contraction was accorded little con- 
sideration as a factor in the therapeutic action of digitalis, the “out- 



Fig 8 — Effect of digitalis glucosides on the portal pressure in the cat and 
in the dog The upper tracing was made on a male cat weighing 3 64 Kg and 
anesthetized with ether Tincture of digitalis, diluted 1 10 was injected intra- 
venously m doses of 5 per cent cat unit per kilogram every five minutes P P 
represents portal pressure, recorded in centimeters of water The cannula was 
inserted into the splenic vein at its junction with the portal vein, it was connected 
to a water manometer, which in turn was connected to a volume lecorder B P 
represents carotid pressure, recorded in millimeters of mercury by a membrane 
manometer The lower tracing was made on a male dog weighing 6 63 Kg and 
anesthetized with soluble barbital U S P (dose, 250 mg per kilogram, given intra- 
pentoneally) and with morphine sulfate (dose, 5 mg per kilogram, given sub- 
cutaneously) Every five minutes 0 005 mg of ouabain per kilogram (5 per cent 
cat unit per kilogram) in a solution of 1 100,000 was injected Rises a, b and c 
are artefacts produced by tests for patency of the system In other respects the 
experiment was similar to the one on the cat 
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standing phenomenon/' fiom which met eased caidiac output followed 
m heart failure, being “an effect upon the tone of the heait ” Stewart 
and his co-workeis 35 have recently reaffirmed the belief that the change 
in caidiac output caused by digitalis is a conseauence of its action in 
deci easing cardiac size The evidence which they bung forth in support 
of that view, however, does not appear to exclude two alternate e 
possibilities, one that the effect on size is entirely independent of that on 
systolic contraction and the other that the effect on size is secondaiy to 
improved contractility The heait would become smallei as a lesult of 
the fact that the systole is stronger and the ventncle empties moie 
completely 

The leasons for oui belief that an action on tone (diastolic size) 
is not one by which digitalis abolishes heart failuie aie as follows 

1 Although in heart disease, and in heart failuie paiticulaily, the 
heait is larger than normal and its work is not commensuiate with its 
size (Stewart and others 35 ), there is no leason for assuming that the 
function of the heait will be improved by l eduction of its size, since 
there is no giound for belief that the fiber length is excessive in the 
sense of its being gieatei than is required for whatever woik the muscle 
is capable of doing The evidence indicates the conti aiy, namely, that 
clinical heait failuie is not likely to involve ovei distention of the heait 
muscle 

2 It is well known that the heart may become smallei thiough 
various mdnect mechanisms (such as reduced size secondai) to 
improved foice, to diminished blood volume oi to other penpheial 
actions) and that if these mdnect possibilities aie removed, as was the 
case in our studies on papillaiy muscle, the heart has no tendency to 
shoiten its diastolic length (no increased tone) undei the influence of 
digitalis at a time when its systolic force is inci eased seveial times 

Kabat and Visscher, 30 woikmg with the turtle heait, have con- 
fiimed our obseivation that digitalis increases the capacity of the 
heait for work without change m tonus They also ai lived at a sumlai 
conclusion, namely, “that the tlieoiy, previously held, that the improve- 
ment m caidiac efficiency by digitalis giucosides is due even m pait to 
changes in diastolic tonus, is without cntical experimental foundation ” 

35 Stewart, H J , Deitrick, J E , Crane, N F , and Wheeler, C H Action 
of Digitalis in Uncompensated Heart Disease, Arch Int Med 62 569 (Oct ) 
1938 

36 Kabat, H, and Visschei, M B Influence of &-Strophanthosid on Elas- 
ticity of the Tortoise Ventricle, Prcc Soc Exper Biol & Med 40 S, 1939 
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CONCLUSIONS 

The results of experiments have been presented, and evidence has 
been adduced for the following statements regarding heart failure and 
the mechanism of digitalis action by which failure is abolished 

1 The heart muscle. is not overdistended in clinical heart failure 
Dilatation of the heart is not usually an unfavorable phenomenon but an 
adaptive mechanism by which the failing heart maintains its optimum 
capacity for work 

2 The high venous pressure m heart failure is not usually a cause 
but a result of heart failure There is no sufficient reason for the belief 
that venous congestion of the order seen in clinical heart failure 
embarrasses the heart’s contraction 

3 Rapid heart rate m sinus rhythm and auricular fibi illation is usually 
not a cause but a result of heait failure 

4 The effect of digitalis in abolishing heart failuie is not mediated 
through any effect on rate m the average case, through action on the 
splanchnic circulation (constriction of hepatic veins) or through action 
on cardiac tone 

5 Digitalis in therapeutic concentrations exerts no direct action on 
the so-called tone of mammalian heait muscle 

6 Digitalis improves the function of the heart in heart failure by 
direct action on the heart muscle, which without primary change m the 
diastolic length of the muscle increases the tension which the muscle can 
develop during systolic contraction 



COMPARATIVE STUDY OF VALVULAR CALCI- 
FICATIONS IN RHEUMATIC AND IN 
NONRHEUMATIC HEART DISEASE 

BERNARD S EPSTEIN, MD 

BROOKLYN 

The mcieasmg fiequency of the diagnosis of calcifications of the 
cardiac valves during life makes it desirable to discuss not only their 
causation but also their possible clinical significance 

Thus far the greatest emphasis has been placed on calcifications of 
the aoitic valve Christian 1 first indicated that aortic stenosis with 
calcification of the cusps might be regaided as a definite clinical entity, 
possibly of rheumatic origin Clawson, Noble and Lufkin 2 also stated 
that the clinical manifestations of the “calcified aortic nodular deformity” 
aie sufficiently charactenstic to wairant its designation as a sepaiate 
entity, predominantly of a rheumatic natui e W films and Camp 3 at 
fiist did not agree with the theory of a lheumatic causation, but after 
further investigation Dry and Willius 4 concluded that the etiologic factor 
was lheumatic Other investigators, notably Monckebeig, Sohval and 
Gross and Margohes, Ziellessen and Barnes, 0 stated the belief that calci- 
fication of the aortic valve is not of lheumatic origin Hamburger and 
Saplnr G found evidence for both a rheumatic and a noniheumatic ongui 

Fiom the clinical viewpoint, McGinn and White 7 concluded that 
calcific deposits in the valves are 1 datively unimpoi tant, except possibly 

From the Montefiore Hospital for Chrome Diseases, New York, and the 
Jewish Hospital, Brooklyn 

1 Christian, H A Aortic Stenosis with Calcification of the Cusps Dis- 
tinct Clinical Entity, J A M A 97 158 (July 18) 1931 

2 Clawson, B J , Noble, J F, and Lufkin, N H The Calcified Nodular 

Deformity of the Aortic Valve, Am Heart J 15 58, 1938 

3 Willius, F A, and Camp, J D Clinical and Roentgenologic Comments 
on Calcareous Aortic Stenosis, M Clin North America 19 487, 1935 

4 Dry, T J, and Willius, F A Calcareous Disease of the Aortic Vahc, 
Am Heart J 17 138, 1939 

5 Monckeberg, J G Der normale lnstologische Bau und die Sklerose der 
Aortenklappen, Virchows Arch f path Anat 176 472, 1904 Solnal, A R, 
and Gross, L Calcific Sclerosis of the Aortic Valve (Monckeberg Type), 
Arch Path 22 477 (Oct) 1936 Margohes, H M , Ziellessen, F O , and Barnes, 
A R Calcareous Aortic Valvular Disease, Am Heart J 6 349, 1931 

6 Hamburger, W W , and Saphir, O Aortic Stenosis, Mod Concepts Card 
Dis , 1939, vol 8, no 2 

7 McGinn, S , and White, P D Clinical Observations on Aortic Stenosis, 
Am J M Sc 188 1, 1934 
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as they influence the degree of valvulai stenosis 01 aid m the roentgen- 
ographic identification of the lesions Held and his co-workers 8 
regai ded calcifications m the initial valve as an additional factoi m 
increasing the degiee of stenosis m patients with “tight, non-regurgitant 
mitral stenosis ” In general, calcifications of the mitral valve have 
leceived less detailed study than those of the aortic valve 

Since detailed mfoimation about calcifications of the mitral valve is 
scant and opinion concerning the role of rheumatic fever m producing 
calcifications of the aortic valve is varied, 148 consecutive cases of fatal 
rheumatic heart disease and 125 consecutive cases of nonrheumatic heart 
disease weie reviewed from the following viewpoints (1) The incidence 
and distribution of calcifications of the aortic and mitral valves, (2) the 
interrelationship, if any, between the piesence of valvular calcifications 
and the duration of heart disease and symptoms of heart failure, (3) the 


Table 1 — Classification of Cases of Rheumatic Heart Disease by 
Degree of Valvulai Calcification 


Age 

Groups, 

Tears 


Mitral 



Aortic 


Mitral and Aortic 

Slight 

Moderate Advanced 

Slight 

Moderate Advanced 

Slight 

Moderate Advanced 

1019 

3 

3 

0 

0 

0 

0 

0 

1 

1 

20 29 

3 

5 

2 

0 

0 

0 

0 

0 

1* 

30 39 

2 

2 

3 

1 

1 

0 

0 

0 

1* 

40 49 

3 

3 

5 

1 

1 

4 

0 

0 

3 

50 over 

2 

1 

i 

1 

4 

3 

0 

1 

2 


* Mitral, aortic and tricuspid valves 'were calcified 


coincidence of valvular calcifications and pericarditis, disease of the 
coronary artenes, aortic calcification and electrocardiographic changes, 
and (4) the influence of valvular calcifications on the weight of the 
heart 

A comparison was made of the observations m the cases m which 
there were mtracardiac calcifications and m those in which there were 
none 

rheumatic heart disease 

Calcifications were present m the valves of the heart in 64 of 148 
patients The degrees of calcification were designated as three types, 
“slight,” “moderate” and “advanced,” according to the relative amounts 
of lime salts found at autopsy (table 1) The age-sex incidence and the 
locations of the calcifications are set forth m table 2, and the weights 

8 Held, I W , Goldbloom, A A , and Lieberson, A Tight (Non- 
Regurgitant) Mitral Stenosis A Chnico-Pathological Study, Am J M Sc 190 
791, 1935 
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of the hearts, valvulai defects and other peitinent data aie piesented m 
table 3 The age-sex incidence in the remamdei of the patients is 
summarized in table 4 

Deposits limited to the mitral valve weie observed m 38 patients 
Mitial stenosis oi a double mitral lesion was present m each patient m 
this group The degiee of valvular defoinuty did not necessanly 
paiallel the degree of calcification Pinpoint mitral ostiums occuried 
m hearts with minimal calcifications, as well as in those which had fai 
more extensive deposits Tight mitral stenosis, with leaflets of caitilagi- 
nous density, was not uncommon m patients who had no valvulai 
calcifications, paiticularly those m the younger age gioups Extension 
of the calcifications into the annulus of the mitral valve was uncommon 
Calcifications limited to the aoitic valve occmied m 16 patients 
Eight others had calcifications of the mitral as well as of the aoitic 

Table 2 — Age-Sex Incidence and Location of Calcification in Cases of Rheumatic 

Heart Disease 


Total Valvular Calcification 

Number of , * , 

Cases Mitral Aortic Mitral and Aortic 

__A A , Js . -A 


Age Groups 

t 

Male 

" 1 

Female 

Male 

Female 

Male 

V 

Female 

Male 

remale 

10 19 years 

7 

1 

5 

1 

0 

0 

2 

0 

20 29 years 

4 

7 

4 

6 

0 

0 

0 

1 

30 39 years 

G 

4 

6 

2 

0 

1 

0 

1 

40 49 years 

11 

9 

4 

G 

3 

o 

4 

1 

50 and over 

9 

G 

2 

2 

4 

3 

3 

1 

Total 

37 

27 








valve, and 2 patients had extensive tnvalvulai deposits, involving the 
mitral, aortic and tricuspid valves Twenty of these 26 patients weie 
over 40 yeais old Of the 6 patients undei 40 years of age, 4 had 
calcifications in the aortic and mitral leaflets, and 2 had model ate calcific 
deposits m the aoitic leaflets alone The initial valve was involved in 
20 of the 26 patients, although calcifications of the initial valve were not 
common in these persons Twenty-four patients had definite deformities 
of the aortic valve Eleven had aortic msufficienc} , 10 had double aortic 
lesions, and 2 had aortic stenosis Two patients, both over 50 years old, 
had calcifications limited to the annulus of the aortic valve, with no 
demonsti able defect of the valve 

Extension of the calcifications into the annulus of the aortic valve 
occurred m 8 patients, all over 40 years old This appaienth had not 
influenced the degree of valvular defoinuty appieciably 

A relative mtei dependence could be noted between the degree of 
calcification and the patient’s age Ad\ anced calcifications limited to the 
initial valve weie infiequent pnoi to the age of 20 In the few cases 
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in which they were piesent, there were concomitant advanced calcifica- 
tion of the aoitic valve and in 2 instances the tricuspid leaflets also 
were calcified The infrequency of calcifications of the aortic valve 
before the age of 40 has been mentioned 

A relationship could not be established between the existence of 
valvular calcifications and the weight of the heart Nor could a relation- 
ship be established between valvular calcifications and disease of the 
coronary arteries This was most apparent in patients undei 30 years 
of age, m whom extensive valvular calcifications existed m the presence 
of normal coronary vessels Later in life, as the incidence of coionary 
sclerosis and artenosclerosis increased, the lelative fiequency of calci- 
fications of the aoitic valve mci eased significantly 

The incidence of pei icarditis was about the same in patients with and 
in those without valvular calcifications, occurring m 35 per cent of the 
former group and in 45 per cent of the latter Only 4 patients with 


Table 4 — Age-Sex Incidence m Cases of Rheumatic Heait Disease Without 

Intracai diac Calcifications 


Age, years 

09 

10 19 

20 29 

30 39 

40 49 

£0 or Over 

Male 

8 

14 

14 

4 

6 

6 

Female 

0 

5 

7 

7 

6 

C 


calcific deposits had changes indicative of recent pei icarditis Fresh 
pericarditis was more frequent during the fiist two decades of life, 
occurring in patients without calcifications 

The distribution of the calcifications in the valves is of interest 
Minimal deposits occurred as small, thin calcific plaques or nodules in 
the auricular surfaces of the leaflets adjacent to their insertions 
Encroachment of the calcifications on the endocardium of the left auricle 
immediately above the insertion of the leaflets was not uncommon 
Deposits limited to the endocardium of the left auricle immediately above 
the insertion of the mitral leaflets were also seen Minimal calcifications 
of the aortic valve were most frequent in the sinuses of Valsalva and 
at the commissures of the leaflets The calcifications did not extend 
into the base of the aorta at any time 

The fiee edges of the valves were never involved when minimal 
calcifications were present Moderate calcifications raiely involved the 
edges of the leaflets Advanced calcifications, however, frequently 
involved the edges, although the thickest deposits were most common 
m the bodies of the leaflets 

A history of rheumatic fever was obtained from half the patients 
with calcific valves, and from 55 per cent of those without valvular 
calcifications In both groups the number of positive histones decreased 
in the older age groups 
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The physical charactenstics of the murmurs were more consistent 
with the degree of valvular malformation than with the presence or 
degree of calcific deposits The hearts wnth the most deformed vahes 
presented the most exaggerated murmurs, whether oi not calcifications 
had been supei imposed Deformities of similar degree, occuiring with 
01 without calcifications, set up muimurs of approximately sinulai 
characteristics The possibility that calcifications set up heart sounds 
peculiar to themselves is not borne out by the data available heie 

The electi ocardiograpluc changes were those usually associated with 
active lheumatic heart disease or disease of the coronaiy arteries The 
cause of death of almost eveiy patient was congestive heart failuie with 
terminal intractable decompensation No instance of sudden death w f as 
noted, the term "sudden death” as used heie implying that the patient 
had been in relatively good health foi some time before death occurred 
unexpectedly Since this senes is drawn from a hospital devoted to the 
treatment of chronic diseases, it can be undei stood why sudden death 
was not obseived 

HYPERTENSIVE AND ARTERIOSCLEROTIC HEART DISEASE 

In Older to compaie the incidence, distnbution and clinical pictuie 
of lheumatic and of noniheumatic valvular calcifications, 125 consecutive 
cases of hypertensive and aiteuosclerotic heart disease in which post- 
mortem examination w^as made weie studied 

Theie w r eie 84 men and 41 women in this series Twelve w r erc 
between 40 and 50 yeais old, and 22 w r ere over 70 Eighty-three 
patients weie known to have hypertension The piesence of preexistent 
hypertension had been mentioned as a clinical possibility in 15 of the 
lemaimng 42 patients Well maiked arteriosclerotic changes involving 
eithei the coionaiy artenes oi the aorta or both w r eie seen in almost 
every patient m this group 

Calcifications v'eie piesent in the valves of 27 patients, each ovei 
50 yeais old They occurred m 16 men and m 11 women The mitral 
valve alone v r as invoked m 9 patients, the aortic vahe alone in 12, the 
mitral and aortic valves in 4, the nntial, aortic and tiicuspid valves in 1 
and the mitral, aoitic and pulmonaiy valves m 1 

Calcifications of the initial valve w 7 ere limited to the annulus in each 
of the 9 patients , they w r ei e considered as "advanced” in 7 patients and 
as "moderate” in the remaining 2 Mitral insufficiency w’as piesent in 
1 patient The others had anatomically competent i alves A soft systolic 
blow had been heard over the precordium m 3 patients , the heart sounds 
of the remaining patients had been considered normal Se\en had 
hypertension One patient had advanced caidiac failure Symptoms of 
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* All deposits Mere located in annulus 
t 1 lhrlnous pericarditis present 
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model ate caidiac embai rassment had been present in 2 otheis In the 
lemainmg 6 patients the presence of organic heart disease had not been 
suspected , then only symptom had been hypertension 

In the 4 patients with calcifications of both the mitral and the aoitic 
valve, those m the aortic valve weie piedommant In all 4 the calcifica- 
tions m the aoitic valve were located chiefly in the annulus, and m 2 
instances they extended to the cusps The calcifications m the initial 
valve, which weie minimal in extent, were situated m the aortic cusp 
of the valve in 2 instances and m the annulus in the othei 2 In all 4 
patients the valvulai defects weie not extensive, and in 3 instances they 
had not been diagnosed befoie death 

Five of the 12 patients with calcifications limited to the aoitic valve 
had valvular defects Two had double aortic lesions, 2 had aoitic 
insufficiency, and 1 had aoitic stenosis The calcific deposits w'eie con- 
sidered advanced in 4 of these patients Of the lemainmg 7 patients, 
3 had extensive calcifications without valvulai defects Chaiactenstic 
muimurs had been piesent in the patients with incompetent valves 
Several otheis had systolic murmuis of vaiying intensity, usually over 
the piecoidium Congestive heait failure occuried with equal fiequency 
m patients with and in those without valvulai calcifications 

Anginal symptoms had been frequent both in the patients with and in 
those without calcifications of the aoi tic valve Three patients, however, 
aie notewoithy, as they had had definite anginal syndiomes without 
demonstiable disease of the coionaiy arteries All had extensive 
calcareous deposits deforming the cusps and encroaching into the ostiums 
of the coronal y artenes 

The heaviest heait in this senes, which weighed 850 Gm , w r as that of 
a man with hypei tension and modeiate calcifications in the bases of the 
aoitic leaflets The patients without hypei tension had heaits which 
weighed less than 300 Gm The lemamdei either had had hypei tension 
or a histoiy indicative of antecedent hypertension The patients with 
w'ell maiked deposits in the aortic valve but without hypertension had 
hearts which weighed less than 450 Gm 

Pericarditis w r as uncommon Only 3 patients in this senes had evi- 
dences of old pencaiditis One patient with lenal disease showed fresh 
pericarditic changes 

Foui teen of the 27 patients wuth valvulai deposits had no clinical 
manifestations of heait failure Of the remaining 13, 9 had had mild 
congestive failure for less than five years, and the remaindei had had 
symptoms of heait failure foi a longer time Six of the 14 patients 
with heart failuie had been known to have hypertension The remainder 
had noimal blood picssures In general, the duration of cardiac symp- 
toms appioximated that of the known caidiac disease Theie w r ere no 
instances of sudden death 
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The electiocarcliogiaphic changes were those lesultmg from disease 
of the coronal y aiterics Auricular fibrillation and partial bundle blanch 
block were the most frequent arrhythmias No changes -which might be 
intei pi eted as indicative of calcifications of the aoitic valve could be 
demonstrated 

COMMENT AND SUMMARY 

Slight and moderate calcifications in the initial valves of patients 
with lheumatic heart disease occuned most frequently in the leaflets 
The fiee margins were often imolved when the lesions were exten- 
sive The smallest deposits were situated on the bodies of the leaflets 01 
the endocaidium of the left auricle adjacent to the mseition of the 
leaflets Advanced valvulai deformity was associated with the calcifica- 
tions m almost eveiy instance, regardless of the degree of calcification 
Calcifications of the aoitic valve in patients with rheumatic heait dis- 
ease who were under 30 years of age weie accompanied in each instance 
by extensive changes and calcification in the initial valve In 2 persons 
the tncuspid valve was involved also 

The incidence of calcifications of the aoitic valve rose shaiply 
after the age of 40 The lesions of the aoitic valve associated with the 
calcific deposits in older patients weie usually less extensive than those 
m younger persons Fiequent association with lesions of the mitral 
valve was noted, but calcifications m the initial leaflets in such persons 
wei e not common 

In patients with nomheumatic heait disease calcifications of the 
initial valve involved the annulus Concomitant valvular defects weie 
uncommon in this gi oup It is notewoi thy that the auscultatoi y findings 
weie within noimal limits This may indicate that the calcifications did 
not pioduce significant changes eithei m the anatomic function of the 
valve or in the heait sounds 

Calcifications of the aoitic valve in nomheumatic heait disease weie 
equally fiequent in the leaflets and in the annulus In some instances 
both stiuctuies weie involved Aoitic valvular defects due to calcific 
deposits weie relatively fiequent, but as a rule weie not as extensive as 
those seen in cases of lheumatic heait disease with calcification of the 
valves However, advanced calcifications of the aortic valve weie 
piesent in patients who had had neither clinically demonstrable defects 
of the aortic valve noi symptoms of heart failure 

The weights of the hearts with calcified valves -were independent of 
the piesence of calcifications Disease of the coionary arteries and aortic 
artcnoscleiosis with calcification were moie fiequent in the nonrheumatic 
than m the lheumatic gioup Nevertheless, patients with lheumatic heart 
disease who had survived the age of 40 had calcific deposits similar m 
extent and distnbution to those of patients with nonrheumatic heart dis- 
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ease The incidence of calcifications of the aoitic valve was definitely 
greatei m the lheumatic gioup after the age of 40 It is leasonable to 
assume that the same process might be lesponsible for the calcifications 
m the two gioups The possibility of calcification occurring on the 
site of an old lheumatic lesion, theieby speeding the disease piocess, has 
been mentioned 

Pericaiditis was more frequent in the lheumatic gioup, and may 
when piesent piovide a clue pointing to a lheumatic oiigm 

Fiom the clinical viewpoint, the piesence of calcifications in the 
heait valves did not appreciably alter the piognosis Nor did there 
seem to be any lelationship between the duration of symptoms of heait 
failure 01 of known heart disease and the presence of calcareous 
deposits The symptoms of heart failure appealed to be 1 elated to the 
effect of the valvulai deformity on the myocaidium, and the degree of 
deformity appaiently may be the same with or without calcareous 
deposits This is borne out by the similanty m the incidence of heart 
failure in patients with rheumatic heait disease and m those without 
valvular calcifications, as well as by the lelatively low incidence of heart 
failure m the gioup with nonrheumatic heait disease with valvular 
calcifications 

The lack of influence of calcifications in the valve on the heait sounds 
may best be repiesented by the absence of significant auscultatory 
changes m the patients with nonrheumatic heart disease associated with 
a calcified initial annulus 



ELECTROCARDIOGRAPHIC CHANGES ASSOCIATED 
WITH PERICARDITIS 

PAUL II NOTH, MD* 

DETROIT 

AND 

ARLIE R BARNES, MD 

ROCHESTER, MINN 

Theie aie moie clinical conditions than aie appaient on hist con- 
sideiation in the diagnosis of which a knowledge of the electiocaidio- 
giaphic patterns occuiring in pencaiditis may be helpful It has been 
said often that the diagnosis of acute pericarditis is moie often missed 
than made When purulent pencarditis is present as a pnmaiy dis- 
ease or as a complication of pleunsy or pulmonaiy disease it is especially 
impoitant to make the diagnosis eaily so that suigical tieatment may be 
instituted piomptly The postopeiative occuirence of substeinal 01 
piecoidial pain, evidences of ernbai 1 assment of the cn dilation and a 
pei lcai dial fnction may provide a puzzling pioblem in differentiating 
between simple pericarditis and thiombosis of a coionaiy aiteiy The 
similanty between the electiocaidiogiams of the two conditions may lead 
to senous enoi unless the dissimilarities aie appi eciated Pencaiditis 
may also complicate acute lheumatic fevei, caidiac wounds, pneumonia, 
uiemia and occlusion of a coionaiy aiteiy In these instances the electro- 
caidiograpluc pattern of pencaiditis may be supenmposed on that of 
the pnmaiy condition, and the lesultmg tracings can be pioperly evaluated 
only if this fact is borne in mind Chronic constrictive pencaiditis often 
has a chaiactenstic electiocauhogiam, which aids in its difieientiation 
fiom hepatic cnihosis and othei conditions The fiequent spectaculai 
lesults of pencaidiectomy make this distinction important Chionic 
tubeiculous pencaiditis may be discoveied, because a suggestive electio- 
caidiogram may lead one to secuie othei confinnatoiy eddence 

THE ELECTROCARDIOGRAM ASSOCIATED WITH EXPERIMENT \L 
PERICARDIAL LESIONS AND ACUTE AND SUB \CUTE 
PERICARDITIS IN MAN 

The hteiatuie on electrocai diogi ams charactenstic of these lesions 
has giown lapidly, especially since 1929, and extensne leviews of it 

From the Dmsion of Medicine, the Ma\o Clinic 

*At the time this work was done Dr Noth was a Fellow' in Medicine, the Ma\o 
Foundation 

This paper is an abridgment of a thesis submitted to the Faculty of the Graduate 
School of the Unnersity of Minnesota m partial fulfilment of the requirements for 
the degree of Master of Science in Medicine 
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have appealed m ai tides by Schwab and Henmann , 1 by Vandei Veer 
and Norris 2 and by Wmternitz and Langendoif 3 We shall limit our 
lemaiks to the studies concerned with the elucidation of the theoietic 
mechanisms undei lying the production of the electrocardiogiaphic 
pattern of pericarditis and to certain othei studies which have been 
insufficiently emphasized m other leviews or have appealed only 
recently 

Oppenheimer and Mann 4 ascribed the low voltage of the electi o- 
cardiograms in cases of pericarditis with effusion to a short-circuiting 
effect of the fluid on the electric impulses onginatmg m the heart 
Katz, Fell and Scott 5 6 studied the electi ocardiographic changes produced 
by the injection of saline or oil solutions into the pericardial sac in 
dogs They attributed the elevation of the ST segment and the 
changes in the T wave which occurred to generalized myocardial 
ischemia produced by the hydrostatic piessuie of the pencaidial fluid 
Foulger and Foulgei G showed, under similar experimental conditions, 
that unless the inti apen cardial pressure was maintained at a certain 
level, by increasing the amount of the injected fluid, the pericardium 
soon stretched enough to cause a fall m pressure and a leturn of the 
electrocardiogram to normal They concluded that elevation of the 
RS-T segment m the electrocardiogi ams of patients suffering from 
pericardial effusion is an indication that the effusion is of recent origin 
or of such volume that the limits of lelaxation of the pencardium have 
been reached 

Fowler, Rathe and Smith , 7 in a notewoithy investigation, were 
able to correlate the changes in the T wave m experimental pericarditis 
with the inflammatory reaction m the subepicai dial myocardium and 

1 Schwab, E H , and Herrmann, G Alterations of the Electrocardiogram 
in Disease of the Pericardium, Arch Int Med 55 917-941 (June) 1935 

2 Vander Veer, J B , and Norris, R F The Electrocardiographic Changes 
in Acute Pericarditis A Clinical and Pathological Study, Am Heart J 14 31-50 
(July) 1937 

3 Wmternitz, M , and Langendorf, R Das Elektrokardiogramm der 
Penkarditis, Acta med Scandinav 94 141-188, 1938 

4 Oppenheimer, B S , and Mann, H An Electrocardiographic Sign in Peri- 
cardial Effusion, Proc Soc Exper Biol & Med 20 431-432, 1923 

5 Katz, L N , Fell, H S , and Scott, R W The Electrocardiogram in 
Pericardial Effusion, Am Heart J 5 77-83 (Oct ) 1929 

6 Foulger, M , and Foulger, J H The Blood Pressure and Electrocardio- 
gram in Experimental Pericardial Effusion, Am Heart J 7 744-752 (Aug ) 
1932 

7 Fowler, W M , Rathe, H W , and Smith, F M The Electrocardio- 
graphic Changes Following the Ligation of the Small Branches of the Coronarj 
Arteries, Am Heart J 8 370-387 (Feb ) 1933 
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obsenecl that when there was complete leplacement of the portions 
involved m the inflammatory process by fibrous tissue the T waves 
had 1 eturned to noimal Bay, Gordon and Adams s introduced fluid 
undei piessure into the pencardial sac and obtained elevations m the 
RS-T segment and invasions of the T wave They also paitly occluded 
the sup ei 101 and mfenoi venae cavae When this was done without 
vaiymg the mtrapeiicaidial pressure the maiked elevations of the RS-T. 
segment did not appear They stated the belief that their expenments 
eliminated the consideration of intei feience with venous return, changes 
m tempeiature and chemical changes as factois in the pioduction of 
the chaiactenstic electiocaidiogiam 

Henmann and Schwab 0 obseived the electiocaidiogiapluc changes 
pioduced by two general types of experiments First, electrocardro- 
giaplnc studies weie made of goats and dogs duimg a period of 
mci eased mtiapeiicardial piessuie produced by injection of fluid into 
the pei ical dial sac, and second, electrocardiographic changes weie 
obseived ovei a penod of weeks aftei the injection of untatmg sub- 
stances into the pericaidial sac The authois ascribed the well marked 
elevations of the RS-T segment seen in the expenments with increased 
intrapeiicardial piessuie to the observed deciease in aoitic and pulse 
pressures, which, by inference, were thought to lead to a decrease in 
the flow of blood in the coionary aiteries, with consequent ischemia 
of the whole heait In the experiments with nritatmg solutions they 
attributed the lesser degrees of elevation of the RS-T segment, as 
well as the latei changes in the T wave, to the pioduction of subepi- 
caulial myocarditis 

Vander Veer and Non is 2 lepoited on a pathologic study of the 
heaits of 10 patients whose fatal illnesses included in each instance 
acute pencaiditis In each of 6 instances in which the electrocardio- 
grams weie characteristic of pericarditis the authois observed extensive 
subepicardial nryocaiditis Of 4 cases in which the electiocardiograms 
weie not chaiactenstic there weie 3 m which the pencaiditis did not 
penetiate into the subepicar dium m any of the numerous sections studied 
and 1 m which theie was penetiation in only a few' small regions 
They concluded that the subepicardial nryocaiditis w'as the cause of the 
electi ocardiogi aphic pattern and that the lack of a consistent relation 
between the type of electi ocaidiogram and the presence or absence of 
pencai dial eflusion excluded the pencaidial effusion as an etiologic 
factor m the cases obseived b} them 

8 Bai, E B , Gordon, W , and Adams, W Electrocardiographic and Blood 
Pressure Changes in Experimental Pericardial Effusion and Occlusion of the 
Venae Ca\ae, Am Heart J 8 525-532 (April) 1933 

9 Heri maim, G , and Schwab, E H Some Experimental and Clinical Electro- 
cardiographic Observations on R-S-T and T Changes m Pericarditis, Tr A Am 
Pin sicians 49 229-244, 1934 
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Bellet and McMillan 10 made histologic studies in 19 cases of peri- 
caiditis and concluded that the results together with certain clinical 
observations indicated that invasion of the subepicai dial myocardium 
by the inflammatory process was chiefly responsible for the changes 
m the RS-T segment 

Most wnteis on this subject do not mention the rather striking 
facts repoited by Master 11 in a review of a series of cases selected 
on the basis of electrocardiogiams in which T waves of low voltage 
were present The pericardium was known to have been involved m 
8 of 24 cases in which the condition was fatal This is a notably high 
incidence of cases of pericarditis, when one consideis that all types 
of cardiac disease weie included and bears in mind that the basis of 
the selection was the occurience of T waves of low voltage Master 
also pointed out that pericarditis uncomplicated by mjocaidial disease 
could produce this phenomenon, since he had obseived it in cases of 
tubeiculous pericaiditis and caicmoma of the pencaidium m which 
autopsy levealed no evidence of myocardial involvement 

One of us (Baines) and Mann, 12 in a study of the electrocardio- 
giaphic pattern in experimental occlusion of the coionary arteries, 
performed contiol experiments m which the pericardium was merely 
incised and then sewed The coronal y arteries weie not molested 
Recipiocal deviation of the RS-T segments in leads I and III did not 
occur, but at a ceitam stage leveisal of the normal duection of the T 
waves, lesemblmg that seen in expenmental occlusion of the coronary 
aitenes, was observed The only explanation of its occuirence was the 
piesence of pericaiditis, and it was pointed out that m a few days it 
obscured the initial electrocaidiogiaphic patterns produced by ligation 
of the coionaiy artenes 

Peel 13 leported on the electrocardiogiams of 48 patients with peri- 
caiditis tie stated the belief that the elevation of the RS-T segment 
was due to myocaiditis rather than to the pericardial effusion, since 
he noted well maiked elevation of the segment m the eaily dry stage 
-of pericarditis which disappeared during the penod when there was 
clinical evidence of the accumulation of fluid 

10 Bellet, S , and McMillan, T M Electrocardiographic Patterns in Acute 
Pericarditis Evolution, Causes and Diagnostic Significance o! Patterns m Limb 
and Chest Leads, a Study of Fifty-Seven Cases, Arch Int Med 61 381-400 
(March) 1938 

11 Master, A M Low-Voltage T Waves in the Electrocardiogram, Am 
J M Sc 181 211-217 (Feb ) 1931 

12 Barnes, A R , and Mann, F C Electrocardiographic Changes Following 
Ligation of the Coronary Arteries of the Dog, Am Heart J 7 477-497 (April) 
1932 

13 Peel, A A F On the Occurrence of the So-Called “Coronary T Wave” 
in Electrocardiograms from Cases of Pericarditis, Glasgow M T 122 149-166 
(Oct) 1934 
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Schondoif u called attention to the difteience in the contoui of the 
RS-T segment in pencaiditis and m occlusion of the coionaiy aitenes 
In the foimei it is concave upwaid, while m the lattei it is convex 
upwaid This difieiential point applies only to the appeal ance dui mg 
the period of RS-T ele\ation, since latei the typical “cove plane” T 
waves, the so-called coionai} T wares, may be seen in pencaiditis 

Winteimtz and Langendoif 3 included in their senes 10 cases of 
fatal puiulent pencaiditis, almost all of which had been obseived a 
numbei of yeais pieviousl) The diagnosis had been established befoie 
death m only 2 instances The authois stated that if knowledge of the 
electi ocai diographic pattern of pencarditis had existed at the time the 
patients had acute pencaiditis, it would have been possible to make 
the diagnosis m 8 of the 10 cases and the subsequent institution of 
suigical measuies might have altered the outcome in a numbei of 
instances 

THE ELECTROCARDIOGRAM IN CHRONIC PERICARDITIS 

It has been geneially appi eciated only lecently that adhesion of the 
pericaidium to suiioundmg stiuctuies is in itself laiely pioductive of 
cardiac enlaigement oi embai i assment and is usually significant only 
when associated with thickening of and adhesions between the panetal 
and the visceial pencaidial Iayei to the extent that a constuctive 
action on the heait lesults Theie is no evidence that the chiomc pen- 
caiditis commonl) obseived at autopsy, m which theie is no appreciable 
thickening of the pencaidial layers, has any clinical significance or 
chaiactenstic electi ocaidiogiaphic pattern Theiefoie, two types of 
chiomc pencarditis which aie clinically impoitant aie consideied, 
namely, chiomc constuctive pencaiditis and chiomc tubeiculous pen- 
carditis Since at times the lattei may pioduce cardiac constnction, 
the two conditions aie not entnely sepaiate clinically Since their 
electrocardiogiaphic patterns may be indistinguishable (fig 1), they 
aie consideied togethei foi the most pait, although ceitam featuies 
distinctive of active chiomc tubeiculous pencarditis will be pointed 
out 

There aie a numbei of lepoits of cases of constuctive pencaiditis, 
m some of which pencaidiectomy 15 has been peifoimed The electro- 

14 Schondorf, T Ueber das Elektrokardiogramm bei Perikarditis, Verhandl 
d deutsch Gesellsch f inn Med 48 350-354, 1936 

15 Bartels, E C Calcification of Pericardium, Minnesota Med 16 205-207 
(March) 1933 Bunvell, C S , and Fhckmger, D Obstructive Pericarditis 
Effect of Resection of the Pericardium on the Circulation of a Patient with 
Concretio Cordis, Arch Int Med 56 250-257 (Aug ) 1935 Flick, J B , and 
Gibbon, J H, Jr Pericardiectomy for Advanced Pick’s Disease, Arch Surg 

(Footnote continued on next page) 
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cardiogiaphic pattern m these cases was unifoim Oui electrocardio- 
graphic obsei vations m this group of cases weie essentially m agiee- 
ment with those pieviously lepoited and consisted usually of low 
voltage of the QRS complexes and of T waves which exhibited low 
voltage, weie isoelectiic 01 were mveited in various combinations m 
the standard leads Auncular fibi illation was fiequently present 
Spiague 16 summarized the electrocaidiogiaphic features in the cases 
obsei ved at Massachusetts Geneial Hospital by stating that in all theie 
was eithei low voltage m the axial leads or mveision of T x and T„ 
of the coronary type Cushing and Fell 17 repoited 11 cases, m all of 
which the QRS complexes m the standard leads weie of low voltage 
The QRS complexes weie usually slurred, but no instances of mailced 
notching were piesent in the published tracings The changes m the 
T waves were the same as those alieady mentioned The P waves 
weie normal voltage in all cases In 7 cases there weie precoidial 
leads (leg and apex), and the electiodes weie applied so that the T 
wave was normally directed downward In 5 of these cases T 4 was 
upright In 7 cases changes in position did not affect the electric axis, 
and m 3 others it was changed only slightly Aftei operation an 
mciease m the amplitude of the QRS complex appealed in 4 of 7 
cases 

The most extensive senes of cases of chionic pericarditis studied 
electrocardiogi aphically is that of 30 cases of tubeiculous pericarditis 
reported by Harvey and Whitehill 18 Effusion was present in 15 cases 
Low voltage of the QRS complex was obsei ved m 11 of these The 
voltage did not seem to depend solely on the amount of fluid present 
In 1 instance the amplitude vaned greatly fiom day to day when a 
consideiable amount of fluid was piesent A decrease m voltage after 
the lemoval of large quantities of fluid was seen m several cases, 
although there was usually an increase A cove-shaped ai clung of the 
ST segment, usually ending m an inverted T wave, was present m 15 

29 126-137 (July) 1934 Griswold, R A Chronic Cardiac Compression Due to 
Constricting Pericarditis Relief by Pericardiectomy, with a Note on the Value 
of the Roentgenkymogram, JAMA 106 1054-1057 (March 28) 1936 Ingvar, 
S Five Cases of Operated Fibrous Pericarditis, Acta med Scandinav , 1936, 
supp 78, pp 278-292 Sprague, H B , and White, P D The Indications for 
and Results of Pericardial Resections The Course of Five Cases, M Clin North 
America 15 909-917 (Jan ) 1932 

16 Sprague, H B The Differential Diagnosis of Congestive Heart Failure 
and Constrictive Pericarditis (Pick’s Disease), Am Heart J 12 443-447 (Oct ) 
1936 

17 Cushing, E H , and Fed, H S Chronic Constrictive Pericarditis Electro- 
cardiographic and Clinical Studies, Am J M Sc 192 327-334 (Sept ) 1936 

18 Harvey, A M, and Whitehill, M R Tuberculous Pericarditis, Medicine 
16 45-94 (Feb ) 1937 
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cases in lead I, m 17 cases in lead II and in 3 cases m lead III An 
ST segment of opposite contoui, with a slight downwaid concavity, 
was piesent in lead III m 3 cases m which the aiched ST segment 
was present in lead I, a pattern closely lesembhng the change seen 
after mfaiction of the antenoi apical portion of the left ventucle 
The extent of elevation or depiession of the ST segments was not 
stated Invasion of the T wave was most commonly found m leads 
I and II, while the deflection remained upnght m lead III oi became 
diphasic 

In cases in which theie was a piecordial lead (apex and left leg) 
the voltage of the QRS complex was sometimes noimal when it was 
low m the standaid leads In 7 cases theie was a leveisal of the 
noimal direction of the T wave m the piecordial lead In 6 of 10 
cases obseived fioni seven months to six yeais aftei the onset of 
pericarditis the only abnoimality found m this lead was absence of the 
Q wave The T wave in the piecoidial lead usually letumed to its 
normal position several weeks eaihei than m the standaid leads 

Haivey and Whitehill 18 observed that the invasion of the T wave, 
especially in leads I and II, may be of piognostic impoit and that the 
evolution of the changes m this portion of the electrocaidiogiam may 
seive as a guide m the tieatment of the patients Revel sion of the T 
wave toward oi to noimal was consideied of good piognostic impoit 
The authors advised that ligid restnction of activities and geneial 
caie be continued as long as inversion of the T wave peisists 

The electrocardiogiaphic pattern observed in 1 case of pioved tubei- 
culous pencarditis studied m the piesent senes levealed changes that 
were essentially like those observed m chionic constnctive pericarditis 
In 2 additional cases of tubeiculous peiicaiditis obseived lecently 
similai electiocardiogiaphic changes (fig 1) have been shown 

REVIEW OF REPORTS DEALING WITH THE ELECTROCARDIOGRAM IN 
PERICARDITIS COMPLICATING OTHER CONDITIONS 

Acute Rheumatic Fevei — That pencaiditis is a moie fiequent 
accompaniment of acute rheumatic caiditis than is generally appreciated 
was emphasized by Fnedberg and Gioss, 19 who found that the heaits 
of 28 (70 pei cent) of 40 patients dying of cardiac failuie during acute 
rheumatic fevei showed grossly distinguishable universal pencarditis, 
while all of them showed microscopic evidence of pericarditis 

Most of the reports on the electrocaidiogiams of gioups of patients 
with acute lheumatic carditis weie published m the yeais befoie the 
electi ocai diographic pattern of pencarditis was geneially known In 
many of the instances reported it is impossible, because of the lack 

19 Fnedberg, C K, and Gross, L Pericardial Lesions m Rheumatic Fever 
Am T Path 12 183-204 (March) 1936 
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of detailed clinical data, to be ceitam whether or not peiicarditis was 
present Some of the electrocaidiogiams alleged to show the most 
marked evidence of myocardial damage or involvement of the coronary 
arteries hy the rheumatic process were characteristic of peiicarditis, 
and the presence of pericarditis was frequently mentioned m the pro- 
tocols of the cases Lukomski 20 is the only author who described 
electrocardiograms with many characteristics of pericarditis and who 
stated that there was no clinical evidence of peiicarditis in the reported 
cases Only pathologic study could be regarded as excluding peri- 
carditis with certainty in such cases 

Winternitz and Langendorf 3 stated that there have been no lepoited 
instances of the occurrence of the electi ocardiographic pattern of pen- 


II 


III 


IV 








Fig 1 — The electrocardiographic changes observed in these 3 patients v, ith 
tuberculous pericarditis are the same as those observed in chronic constrictne peri- 
carditis of undetermined origin and give no clue as to the tuberculous nature of 
the process 

(a) Standard electrocardiogram and tracing from the fourth lead obtained in 
a patient with chronic constrictive pericarditis When a pericardiectomy was per- 
formed 750 cc of fluid was found m the pericardial sac The pathologic diagnosis 
on the basis of specimens removed from the pericardium was tuberculosis 

( b ) Standard electrocardiogram obtained in a patient with pericarditis At 
necropsy the diagnosis was cardiac hypertrophy and chronic tuberculous peri- 
carditis 

( c ) A standard electrocardiogram and tracing from the fourth lead obtained 
in a patient whose clinical history stronglv suggested the presence of tuberculous 
pericarditis 


20 Lukomski, P Elektrokardiographische Beobachtungen bei akutem Rheu- 
matismus, Deutsches Arch f klin Med 174 268-288 (Nov ) 1932 
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carditis in cases of acute rheumatic carditis in which it had been shown 
pathologically that theie was no pencarditis In then 18 cases of 
lheumatic pericarditis the foim of the electrocaidiogiam was inde- 
pendent of the amount of effusion, and the appeal ance of the features 
characteristic of pencarditis coincided with that of the other clinical 
evidences of pericarditis and was not related to the geneial course of 
the lheumatic myocarditis The authors did not deny that it is pos- 
sible that the electiocardiograpluc alterations m lheumatic pericarditis 
may be an expression of involvement of the myocaidium by the peri- 
carditis The electrocardiogiams in all of the 8 cases m which tracings 
were obtained repeatedly went thiough the stage of mveision of the 
T wave to restitution of a normal appeal ance between the fifth and the 
thirteenth week 


I 


II 


III 


IV 


a b * c d e 

Fig 2 — Electrocardiograms were obtained for a patient with rheumatic peri- 
carditis with probable effusion (a) on February 25, (b) on February 26, (c) on 
February 27, ( d ) on April 9 and (e) on August 19 The patient complained of 
pain m the chest, and friction rub was heard first on February 25 Note the 
minimal deviation of the RS-T segments, the evolution of the changes m the T 
waves, and the stage at which the T waves tend to be isoelectric (c and d ) 
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Since pencarditis has such a gieat incidence m cases of rheumatic 
heart disease and since its existence can be excluded only by necropsy, 
it is never safe to exclude pericaiditis as an explanation of deviation 
of the RS-T segment or of changes m the T wave m the electro- 
grams of patients with lheumatic fevei Figuie 2 illustrates the 
changes observed m such a case and the eventual letuin to normal 
of the electrocardiogiam aftei seveial weeks 
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Wounds of the,Heait — Electrocardiographic studies following 
operations for wounds of the heart contain few refeiences to the lole 
of pericarditis in the pioduction of the obseived electrocardiogi ams, 
although it is obvious that pencarditis is always present as a lesult of 
the opeiative incision of the pencardium, the escape of blood into the 
pencardial sac or the introduction of infection by the object causing 
the wound Furthermoie, most authois have not distinguished between 
the electiocardiogiams of patients with damage to the left coronaiy 
artery (which was the aitery involved m all but 1 instance and the 
electiocaidiograms of patients with no damage to the major divisions 
of the coronaiy arteiy The latter point may seem irrelevant to a 
demonstiation of the lole of pencaiditis m the electrocardiographic 
pattern However, it seems that the best approach to intei pretation 
of the role of any one pathologic piocess m this situation is to 
search foi the charactei istic effects of all the processes which might 
conceivably be reflected in the electrocai diograms 

Both pericarditis and acute caidiac mfaiction are known to affect 
the electrocardiogram in ways which aie usually characteristic The 
combined effect has been observed and reported after experimental 
ligation of a coionary artery, 12 as well as in cases of the complication 
of cardiac infarction by pencaiditis 21 The electrocai diographic effect 
of a wound involving in most cases only a small poition of caidiac 
muscle has not been established To disregard the influence on the 
electrocai diogram of the myocaidial infarction consequent to sevei- 
ance of a coronary artery and pericarditis and to attribute the changes 
in the electrocardiograms m these cases to the myocaidial damage of 
the wound does not seem reasonable Careful scrutiny of the electro- 
cardiograms m cases of caidiac wounds in which there was incidental 
involvement of the left coronary artery and in ca c es in which there was 
not such involvement leveals slight but definite differences A leview 
of reported instances in which electrocai diograms were obtained during 
the period after operation, when diagnostic deviations of the RS-T 
segment might be expected, reveals the following diffeiences m the two 
groups of cases 

In the 3 cases m which theie was involvement of the left coionary 
artery a depression of the RS-T segment in lead III reciprocal to 
elevation of this segment m lead I was pi esent at some time 22 In 

21 Winternitz and Langendorf 3 Barnes and Mann 12 

22 (a) Elkin, D C, and Phillips, H S Stab Wound of the Heart Electro- 
cardiographic Studies of Two Cases, J Thoracic Surg 1 113-123 (Dec ) 1931 
( b ) Purks, W K The Electrocardiographic Findings Following Ligation of 
the Descending Branch of the Left Coronary Artery m Man, Am Heart T 7 
101-105 (Oct ) 1931 ( c ) Porter, W B , and Bigger, I A Nonfatal Stab Wounds 
of the Ventricles, with Electrocardiographic Signs of Coronary Thrombosis and 
Absence of Anginal Pam, Am J M Sc 184 799-804 (Dec ) 1932 
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the 6 cases m which tlieie was no involvement of the coronaiy arteiy 
this lecipiocal depression of the RS~T segment in lead III was always 
absent 23 

A leview of leported instances m which electiocaidiograms were 
obtained during the penod after operation, when mveision of the T 
wave might be expected to occur, reveals the following diffeiences in 
the two groups of cases 

In only 3 of 7 cases in which theie was involvement of a coionaiy 
aitery was theie mveision of the T waves m all three standard leads 24 
The experimental studies of Mann and one of us (Barnes) 12 indicated 
that in these 3 cases the effects of pencaiditis on the electrocardiogram 
overshadowed the effects of severance of the coionary aitery 

In all 6 cases m which theie was no involvement of the coronaiy 
aitery there was inversion of the T waves in all tlnee standaid leads, 25 
presumably the result of the pencaiditis that always is present in such 
cases 

The failuie of the T waves to become mveited m the three stand- 
aid leads in 4 of the 7 cases in which theie was involvement of the 
left coronaiy aiteiy may be interpreted as illustrating the persistence 
of the tendency toward a leciprocal dnection of the T waves in leads 
I and III as a consequence of cardiac infarction 

From a practical standpoint, the important point is that the electro- 
cardiogram may serve a useful puipose m determining in the piesence of 
a wound m the precordial legion whether oi not the heait is involved 
and may give some infoimation as to whether a branch of the left 
coionary aiteiy has been seveied 

23 (a) Bates, W, and Talley, J E The Electrocardiograms of Coronary 

Occlusion Following a Stab Wound in the Left Ventricle, Am Heart J 5 232-237 
(Dec ) 1929 (b) Koucky, J D , and Milles, G Stab Wounds of the Heart 

A Study of Electrocardiographic Changes, Polyserositis (Pick’s Syndrome) and 
Pericarditis, Arch Int Med 56 281-296 (Aug ) 1935 (c) Eakin, W W The 
Removal of a Large Needle from the Heart with Electrocardiographic Changes 
in Rhythm During Operation, Am Heart J 8 540-547 (April) 1933 ( d ) Warthen, 
H J Stab Wound of the Heart Report of a Case, Ann Surg 102 147-152 
(July) 1935 (e) Benet, G, and Spivey, C G Suture of Stab Wound of the 
Heart Report of Case, JAMA 101 1979-1981 (June 1) 1935 (f) Porter 
and Bigger 22c 

24 Davenport, G L Suture of Wound of the Heart Ligating the Inter- 
ventricular Branch of the Left Coronary Artery and Vein, J A M A 82 1840- 
1845 (June 7) 1924 Oppolzer, R Heilung ernes Herzdurchschusses mit Durch- 
trennung des hmteren absteigenden Astes der rechten Coronararterie nebst elektro- 
kardiographischer Verfolgung, Deutsche Ztschr f Chir 242 620-627 (March) 
1934 Kment, cited by Oppolzer 

25 Scherf, D Em elektrokardiographisches Zeichen bei Erguss in Herzbeutel, 
Wien med Wchnschr 43 298-300 (March) 1930 Elkin and Phillips 223 Porter 
and Bigger 22c Bates and Talley 23a Koucky and Milles 2sb Eakm 233 
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Vienna — Although the lecogmtion of pencaiditis in cases of 
uiemia is not of gieat clinical impoitance, the appieciation of the source 
of the electiocaidiogiaphic changes is of consideiable intei est The 
second case repoited by Wood and White 20 illustrates the supei impo- 
sition of the pattern of pencaiditis on the previous pattern of marked 
left ventuculai stiam While in the first tracing the RS-T segment 
m lead I is depiessed and the T wave is shaiply inverted, m the tiacmg 
obtained aftei the onset of pencarditis there is maiked elevation of 
the RS-T segment m leads I and II, with upnght and accentuated T 
waves (compaie fig 3a and b ) Levine 27 published the tracings in 
a case m which theie was elevation m the thiee standaid leads, whereas 
in the pievious tracing the RS-T segments had been isoelectnc Richter 
and 0’Haie 28 lepoited electiocardiographic studies in 38 cases of 
uremia Pnoi to the onset of pencarditis there weie only “minor 
changes” Of 8 cases m which electiocaidiogiams had been taken 
aftei pencaiditis had developed the electiocardiogiams of 7 were 
abnormal tiansient auncular fibrillation and aunculai fluttei in 2 
cases, ectopic beats m 3 cases and a transient prolonged PR intei val 
m 1 case Theie was elevation of the RS-T segment in 2 cases, in 
the three standard leads in 1 and in leads I and II m the othei 

In oui cases uiemic pencaiditis indicated its piesence in the electio- 
caidiogiam by one ot two fairly diagnostic changes The most sig- 
nificant change consisted of elevation of the RS-T segment m leads 
I and II This change is fiequently superimposed on the electrocaidio- 
giam of hypei tension (fig 3) The second change concerned the T 
wave, which became negative with little oi no deviation of the RS-T 
segment (fig 4a and b) 

Pneumonia — Pyrah and Pam 20 stated that in a pathologic study 
of the hearts m 45 cases of puiulent pericarditis associated with pneu- 
monia and empyema theie was complete absence of any acute lesion 
in the cardiac muscle or m the coronary vessels This obseivation is 
m marked conti ast to the pencaiditis obseived in pyemic piocesses, 
such as osteomyelitis, which is often dependent on a tiny abscess or 
septic infarct m the myocardium The authois 29 did not specifically 
mention the condition of the subepicaidial myocaidium, although it 

26 Wood, J E , Jr , and White, P D The Electrocardiogram m Uremia 
and Severe Chronic Nephritis with Nitrogen Retention, Am J M Sc 169 76-87 
(Jan) 1925 

27 Levine, S A Coronary Thrombosis Its Various Clinical Features, 
Medicine 8 245-418 (Sept ) 1929 

28 Richter, A B , and O’Hare, J P The Heart in Chronic Glomerular 
Nephritis, New England J Med 214 824-830 (April 23) 1936 

29 Pyrah, L N , and Pam, A B Acute Suppurative Pericarditis Two 
Cases Successfully Treated by Operation, Lancet 1 905-908 (April 29) 1933 




F’g 3 — Electrocardiograms of a patient with uremia and severe hypertension 
(a) taken before the appearance of clinical signs of pericarditis and ( b ) taken 
at the time clinical evidence of uremic pericarditis was present 



Fig 4 — Standard electrocardiograms and tracings from the fourth lead (a) 
and ( b ) were taken forty-eight hours apart in the case of a youth aged 19 with 
uremic pericarditis and clinical evidence of accumulating pericardial fluid In spite 
of evidence of pericardial effusion, elevation of the RS-T segment did not occur 
Except for the preservation of Q it the tracing looks like a late electrocardio- 
graphic relic of infarction of the anterior portion of the left ventricle 

Standard electrocardiogram ( c ) was obtained in a second patient with acute 
pericarditis and signs of increasing pericardial effusion The elevation of the 
RT segment is almost totally confined to leads I and II Note, however, the 
absence of depression in the ST segment in lead III, such as would be expected if 
acute infarction of the anterior portion of the left ventricle were present Note 
the almost straight line of the anterior limb of the RT segment in leads I and II 
and the marked exaggeration of the T waves 


30 3 
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can hardly be doubted that there was some extension of the inflam- 
matory process into this region in many of the cases However, the 
absence of involvement of the myocardium as a whole, as well as of 
the coronary vessels, m pericarditis complicating pneumonia and empy- 
ema strengthens the conception that the electrocardiogi am is influ- 
enced mostly by the mflammatoiy process in the pericardium and 
subjacent tissues 

Although some type of change m the RS-T segment is leported in 
a consideiable number of cases of pneumonia, the extent of this change 
is not mentioned Master, Romanoff and Jaffe 30 reported the occur- 
lence of changes in the RS-T segment in 93 per cent of their cases 
To judge from their published electrocardiograms, among which there 
was only one showing well marked elevation of the RS-T segment, 
m a case of acute fibnnopurulent pericarditis, observed at necropsy, 
the changes m the RS-T segment m most cases were probably only 
slight In the case of pericarditis the coronary arteries were normal, 
and the administration of oxygen had no effect on the level of the RS-T 
segment In a case reported by Shearer 31 in which clinical evidence 
of pericarditis was absent but there were marked monophasic RS-T seg- 
ments m leads I and II, this appearance peisisted long after all evident 
cyanosis had disappeared Although several authors 32 have reported 
on electrocardiographic studies in sizable numbers of cases of pneu- 
monia, the relation of the tracings to the possible presence of pericar- 
ditis cannot be determined satisfactorily because the occurrence of 
pencaiditis is not specifically mentioned and because the number of 
electrocardiograms m each case is usually not i ecorded W mternitz and 
Langendorf 3 stated that they had never seen the electrocardiographic 
pattern of pericarditis in cases of pneumonia and pleurisy when clinical 
evidence of pericarditis was lacking, nor had they found reports of 
cases m which the electrocardiogram was characteristic of pencarditis 
but evidence of the complication was not seen at autopsy 

Cardiac Infarction — One of us (A R B ) 33 reported electro- 
cardiographic observations m several cases of pencarditis complicating 

30 Master, A M , Romanoff, A , and Jaffe, H Electrocardiographic Changes 
in Pneumonia, Am Heart J 6 696-709 (June) 1931 

31 Shearer, M C “Plateau R-T” in a Case of Lobar Pneumonia, Am Heart 
J 5 801-805 (Aug) 1930 

32 DeGraff, A C , Travell, J G, and Yager, J A An Electrocardiographic 
Study of the Heart in Lobar Pneumonia, J Clin Investigation 10 633-651 (Aug ) 
1931 Abt, A F, and Vmnecour, M I Electrocardiographic Studies During 
Pneumonia m Infants and in Children, Am J Dis Child 47 737-749 (April) 
1934 Krinskij, L Beobachtungen uber Elektrokardiographie bei Pneumome, 
Ztschr f ldm Med 128 27-37, 1935 

33 Barnes, A R Electrocardiographic Pattern Observed Following Acute 
Coronary Occlusion Complicated by Pericarditis Report of Cases, Am Heart J 
9-734-741 (Aug) 1934 
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cardiac infarction The featuies of the electiocaidiogiams in these 
instances included, m the early stage, elevation of the RS-T segment 
in the three standard leads and, somewhat later, either disappearance 
of the visible effects of the pencaiditis, leaving a typical T t (fig 5 a 
and b) 01 T., pattern, 01 peisistence of the effect of the pei icarditis, as 
evidenced by an mveision of the T wave m the three standard leads 
(fig 5 c, d and e ) 

Wmteimtz and Langendorf 3 mentioned thiee other causes of eleva- 
tion of the RS-T segment m the three standaid leads m instances of 
cardiac infarction First, when an infarction of the anterior apical 
legion of the left ventricle occurs in association with bundle branch 
block of the common type, the RS-T segment may be elevated m the 
three standaid leads This elevation m the fiist two leads is a part 
of the usual pattern of infarction m this location, and in the third lead 
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Fig 5 — In a case of pericarditis complicating acute coronary occlusion elec- 
trocardiogram a was taken seven days after acute coronary occlusion and at a 
time when a pericardial friction rub was present Electrocardiogram b, taken 
fourteen days later, shows return to a typical late T wave in lead I, a relic of 
acute infarction of the anterior portion of the left ventricle The patient died of 
pneumonia sixteen months later Necropsy revealed that the pericardial sac was 
completely obliterated by adhesions An old healed infarct occupied the anterior 
portion of the left ventricle Electrocardiogram c was taken m a second case 
seven days after acute coronary occlusion, at a time when a pericardial friction 
lub was present Electrocardiograms d and e m the same case were taken eleven 
and twenty-six days, respectively, after coronary occlusion At autopsy, five and 
a half months later, the pericardium was adherent except over the posterior surface 
of the heart The lower anterior two thirds of the left ventricle was the site of an 
old healed infarct 33 


it is due to the usual elevation of this segment associated with the fre- 
quent type of bundle blanch block Second, when there is a previous 
pattern of left ventricular strain, the RS-T segment may retain the 
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elevation m the thud lead seen m this condition and may become 
elevated m the fust and second leads, as seen m cases of antenoi 
infarction Thud, when there is combined anteiior and postenoi 
mfaiction theie may be present a Q wave m lead I, a small R wave 
in lead I, no Q wave in the precoidial lead (taken by the Wolfeith 
method) and lengthened Q waves m leads II and III Wmtermtz and 
Langendorf 3 expiessed the opinion that elevation of the RS-T segment 
in all three leads, if accompanied by these changes, should be con- 
sidered as due to combined mfaiction 

ANALYSIS or MATERIAL 

The matenal foi this stud}' is composed of a series of cases in 
which autopsies weie perfoimed and a clinical series of cases in which 
electrocardiogi ams weie obtained dui mg a period when pencaiditis 
was piesent, as detei mined from the protocols The autopsy series 
includes all cases studied m the depaitment of pathology fiom 1929 
to 1936, inclusive, with a few additional cases The clinical material 
includes all cases obseived from 1929 to 1937, inclusive, and a few 
additional cases seen in 1937 The laige number of cases in which 
chronic pencarditis appaiently was only an incidental obseivation at 
autopsy were not studied in detail because of the fiequency with which 
this phenomenon is obseived and its well known lack of clinical sig- 
nificance 

The mattei of the presence or absence of a pericardial effusion was 
considered caiefully in each case because of the hypothesis of its rela- 
tion to the production of the electiocaidiogiam characteristic of peri- 
carditis The presence of an effusion is stated as proved only when 
fluid was aspirated from the pericardial sac during life oi was observed 
at necropsy The presence of an effusion is considered as probable 
when theie was positive loentgenographic evidence or physical signs, 
such as shifting caidiac borders oi fluctuation of the audibility of heart 
sounds In the cases classified as those in which theie was no known 
effusion this clinical evidence was lacking, no fluid was observed at 
necropsy, which was performed within a sufficiently short tune after 
the period of clinical observation that the disappearance of an effusion 
would have been impossible or highly improbable 

Also, since the stage of pericarditis has an important bearing on 
the electrocardiographic obseivations, the cases were divided into 
groups m which the condition was acute, subacute or chronic, and foi 
those in which the stage of the condition could not be detei mined 
from the history or pathologic study a sepaiate group, stage indeter- 
minate, was made Table 1 classifies the cases m this manner 

In 25 cases necropsy was pei formed, and m 28 theie was no 
necropsy Table 2 classifies the cases according to causation 



NOTH-BARNES— PERICARDITIS 


307 


METHOD AND STANDARDS OF ANALYSIS OF ELECTROCARDIOGRAMS 

RS-T Segment — The RS-T segment is that portion of the electrocardiogram 
lying between the descending limb of the QRS complex and the T wave It was 
measured with regard to its elevation above or its depression below the isoelectric 
line According to the criteria of Paidee, 34 this segment noimally may be elevated as 


Table 1 — Ficqucncy Distnbution of Cases oy Pencai ditis According to Stage 
of the Disease and Piesencc 01 Absence of Effusion 


Number of Cases 


Acute pericarditis 

(ft) Proved effusion 2 

(b) Probable effusion 6 

(c) No knoun effusion 11 

(d) No effusion 13 

Subacute pericarditis 

(a) Probable effusion 1 

(6) No known effusion 2 

(c) No effusion 1 

Chronic pericarditis 

(ft) Calcified pericardium 9 

(b) Chronic tuberculous pericarditis 1 

Pericarditis, stage indeterminate 

(a) Proved effusion 3 

(b) Probable effusion 2 

(c) No known effusion 1 

Hematopericardium 1 


Table 2 — Fi cquency Distribution of Cases of Pencai ditis 
According to Causation 


Number of Oases 


Acute, subacute and indeterminate stages 

Chronic renal disease with uremia 10 

Acute rheumatic fever 9 

Postoperative pericarditis 5 

Tuberculosis 1 

Probable tuberculosis 1 

Carcinoma involving the pericardium 2 

Osteomyelitis with staphylococcic septicemia 1 

Terminal 1 

Lobar pneumonia 1 

Bronchopneumonia 1 

Pleurisy 2 

Associated with bronchopneumonia, probably rheumatic in origin 1 

Unknown 7 

Chronic stage 

Indeterminato 9 

Tuberculosis 1 

Hematopericardium (ruptured arteriosclerotic aneurysm of the aorta) 1 


much as 1 mm above the isoelectric line in occasional instances In our study 
an elevation of the RS-T segment was recorded if it was 1 mm or more Since 
the RS-T pattern shifted in some cases, the total number of changes in the RS-T 
segment listed exceeds the number of cases 

T Wave — The direction, height and contour of the T waves in each lead were 
observed The term dome refers to a T wave of lowered voltage with a gradual 

34 Pardee, H E B Clinical Aspects of the Electrocardiogram A Manual 
for Physicians and Students, ed 2, New York, Paul B Hoeber, Inc , 1928 
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ascent and a somewhat prolonged, flattened summit, followed by a gradual descent 
to the isoelectric line In cases in which there are several tracings the pattern of 
the T wave may show considerable variation Each pattern is listed separately 
Therefore, the total number of T wave patterns listed exceeds the number of 
cases 

QRS Complex — The amplitude of the QRS complexes was measured Low 
voltage was considered to be present when the R wave was less than 5 mm in 
height in the three standard leads The presence of Q waves in leads I and III was 
noted, and the tracings were analyzed as to whether there were also present the 
Qi and Q 3 patterns which are known to occur at times in cases of myocardial 
infarction 

Piecoidwl Lead — The precordial lead was an anteroposterior lead with the 
anterior electrode connected with the cable on the right arm and placed in the 
fourth intercostal space at a point midway between the left border of the sternum 
and the midclavicular line, the posterior electrode was connected with the cable 
on the left arm and placed just below the angle of the left scapula In this lead 
there is normally present a Q wave of at least 1 4 mm in depth The T wave is 
directed downward in tracings for normal adults, but is upright in a large propor- 
tion of tracings for children, being present more frequently in the younger age 
groups A T wave of less than 3 mm m depth is classified as a shallow inversion 
A T wave of more than 7 mm in depth is classified as an exaggerated inversion 
The RS-T segment may be depressed as much as 2 mm and elevated as much as 
0 5 mm The normal limit below which low voltage may be said to be present 
has not been defined Measurements are made by adding together Q and R The 
lead is variously referred to as the ptecordial lead and the fourth lead 

CLASSIFICATION OF ELECTROCARDIOGRAMS ACCORDING TO 
DIAGNOSTIC SIGNIFICANCE 

The electrocardiograms in this series of cases may be divided into 
four groups in respect to the extent to which they exhibit the features 
known to be characteristic of pericarditis The first group of electro- 
cardiograms, designated as pathognomonic, includes those showing a 
combination of features which, at present, is not known to occur m 
conditions other than pericarditis The second group, designated as 
strongly suggestive, is composed of the electrocardiogi ams with fea- 
tures which are suggestive of pericarditis and which, when considered 
with the clinical features of the case, are of corroborative or diagnostic 
significance In the third group, designated as suggestive, aie those 
which are less definitely suggestive of pericaiditis The fourth group 
of tracings shows features not suggestive of pericaiditis 

The case records were reviewed with legard to whether or not 
digitalis had been taken dui mg the period m which its electiocardio- 
graphic effects might be present The electrocardiogi ams were then 
carefully scrutinized for any evidence of such an effect Such changes 
were found in only 2 cases 
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OBSERVATIONS IN THE STANDARD LEADS 

In 3 of the 53 cases the electrocaidiogiams were pathognomonic of 
pericarditis, in 22 they were stiongly suggestive of pericarditis, m 11 
they were only suggestive of pericarditis, and in 17 they were not sug- 
gestive of pencaiditis Table 3 summanzes the observations 

Elevation of RS-T Segments — Of the 53 cases of all types of 
pencaiditis, there were elevations of the RS-T segment of 1 mm or 
more in one or more of the standard leads m 22 cases In all but 2 
instances these elevations were in cases of acute pencaiditis In 1 
case hematopericai dium was present, and in the othei pencarditis, 

Table 3 — Ficquency Distribution of Cases of Pencaiditis in Which Abnotvtal 
Electrocai diogi ctphic Patterns Weie Observed 
in the Standai d Leads * 


Frequency 


Occurrence of elevation of RS T segment 

In leads I, II and III 3 

In leads I and II 9 

In leads II and III 4 

In lead I 4 

In lend II 5 

All types t 22 

Absence 31 

Changes in the T waves 

In leads I, II and III 5 

In leads I and II 6 

In leads II and III 5 

In lead I 5 

Low voltage or isoelectric m leads I, II and III 13 

Low voltage or isoelectric in leads I and II 3 

Low voltage or isoelectric In leads II and III 1 

Low voltage or isoelectric in lead I 9 

Exaggerated upright T wave 8 

Domelike 12 

Total number of cases in which tho T wave was changed 47 

Total number of cases in which the T wave was not changed 6 

Changes in QRS voltage 

Low voltage present 20 

Low voltage absent 33 


Qi and Qa patterns 

A typical Qi and Q 3 pattern was not present in any of the cases In 1 case a 
Q 3 pattern was approximated 


* Sinco moro than one abnormality may occur at different times in the same case, the 
sum of the number of cases in which different abnormalities of the RS T and T wave patterns 
occurred Is greater than the number of cases in which one abnormality of the RS T and T 
waves occurred 


probably in the acute stage, though possibly subacute, existed without 
known effusion 'Thus, m 20 of the 32 cases of acute pericarditis 
theie was some elevation of the RS-T segment Elevation of the RS-T 
segment in both leads I and II was the most frequent finding The 
elevation was gieatest m lead II in 10 cases 

The deviation m the RS-T segment which is most characteristic of 
pericarditis is the elevation 111 the three standai d leads ("fig 6 d) 
Frequently the RS-T segments m leads I and II aie elevated, while 
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the segment lemams isoelectric 01 is insignificantly elevated m lead 
III (figs 4c and 6b and c ) Significant degrees of reciprocal depies- 
sion of the RS-T segment m lead III usually obseived in association 
with elevation of the segment in lead I in the T-l pattern of mfaiction 
of the antenor apical portion of the left ventricle did not occur in our 
cases of pencaiditis 

Although the contour of the RS-T segment chaiactenstic of peri- 
carditis is elevated, it is different from that of caidiac infarction Since 
in the early stage of acute pericarditis the T wave may be upright 
and sometimes exaggerated, the RT segment is concave upward, as 
contrasted with the upward convexity of the RT segment in acute 
myocardial mfaiction (compaie figure 6d with figure 5c) In other 
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Fig 6 — In a case of acute pericarditis with proved effusion a standard elec- 
trocardiogram and tracing from the fourth lead (a) were taken on October 30, 
before there was any evidence of pericardial effusion Standard electrocardiograms 
( b and c ) were taken on October 30 and 31, respectively, after pericardial 
paracentesis Note (1) the elevation of the RS-T segments in the standard 
leads and depression of the RT segment m lead IV and (2) the upward concavity 
of the RS-T segments, ending in upright and exaggerated T waves, in leads I and II 
This electrocardiogram is regarded as pathognomonic of pericarditis 

In a case of acute pericarditis without known effusion an electrocardiogram ( d ) 
was taken on January 26 and another (e) on January 30 There was neier any 
evidence of pericardial effusion in this case, and the patient was dismissed from 
the hospital m good condition on February 6 Note the similarity of this electro- 
cardiogram to that of the patient tracings for whom are shown in figure 6 
a, b and c, and m whom pericardial effusion was known to be present Note 
also the rapid reversion of the electrocardiographic pattern to normal without the 
development of negativity of the T wave 
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instances it uses m a straight line as an inclined plane fiom its origin 
to end m an upright T wave, which may be exaggerated (fig 4c) In 
a thud type the elevated RS-T segment may have a bioad domelike 
shape with its convexity directed upwaid (fig 7) The elevation 
sometimes disappears after only a few days and is usually of shortei 
duration than m infaiction It may persist until the end of the third 
week but is laiely obseived in cases of subacute or chronic pericarditis 
Changes in the T Wave — Changes m the T wave of some type weie 
piesent in 47 of the 53 cases All 6 cases m which there weie no such 
changes weie instances of the acute type 

Early m acute pencarditis the T wave is upnght and frequently 
exaggeiated (figs 4c and 6a, b, c and d) In 8 cases this change was 
shown The T wave may then change to any position between this and 
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Fig 7 — Electrocardiogram a was taken in a case of rheumatic pericarditis 
without known effusion Other electrocardiograms were taken (h) on September 7, 
( c ) on September 18 and ( d ) on October 12 Electrocardiogram e is that in 
a second case of pericarditis without known effusion Electrocardiogram f was 
obtained in a third case of pericarditis without known effusion Note the dome- 
shaped T waves in the standard leads in a, b and e Attention is called to the evolu- 
tion of the T waves in b, c and d In c, Ti has a “cove plane” contour and Tj 
is positive, but Qj is normal, an important fact in the exclusion of acute or sub- 
acute infarction of the anterior portion of the left ventricle Note the tendency 
of R-Tj to be depressed in most of the tracings Unless one is aware of the 
behavior of the fourth lead m pericarditis an unwarranted diagnosis of coronary 
occlusion may be made An electrocardiogram ( g ) was obtained in a case of 
generalized pericarditis without effusion, and the diagnosis was confirmed at 
necropsy A friction rub was never heard and the clinical diagnosis was based 
on the electrocardiogram In this tracing the dome-shaped RS-T segments with 
upward convexity constitute a change sometimes observed in pericarditis (fig 5c) 
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the inverted form The changes occui ' at varying rates, depending 
probably on the natuie of the underlying pathologic process There is 
also a variability m the extent of the changes m the T wave, since in some 
cases the T wave does not go through a stage of negativity but reveits 
to normal after a period during which it is flattened to a greater 01 
lesser degree 

The stage of T waves of low voltage or of isoelectric T waves 
usually occupies a considerable penod, and consequently it will be 
piesent m a large proportion of the tracings in certain individual cases 
as well as in a group of cases (fig 2c and d ) This fact is exemplified 
by the presence of this form of the T wave in 26 of the cases of the 
piesent group, m one half of which it occui red in the thiee standard 
leads 
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Fig 8 — Electrocardiogram of a patient with exophthalmic goiter Because 
of the low voltage of the QRS complex and T wave, pericarditis was suspected 
A typical friction rub was heard first five days after this tracing was taken and 
was present for the succeeding fortnight T waves of low voltage or isoelectric 
T waves in the standard leads with or without low voltage of the QRS complexes 
always suggest the involvement of the pericardium Pericardial paracentesis yielded 
no evidence of pericardial effusion in this case Note the absence of Q4, a phe- 
nomenon rarely observed in cases of pericarditis There was no clinical evidence 
of coronary disease, and nothing in the history suggested coronary thrombosis 

T waves of low voltage in all the standaid leads, with or without low 
•voltage of the QRS complexes, aie probably more frequently an indica- 
tion of pericarditis than of any other single cardiac lesion (fig 8) The 
large proportion of cases of pericarditis 111 Master’s report m which 
the condition was found to be associated with low voltage of the T 
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waves is anothei indication of the significance of this electiocaidio- 
giaplnc abnoimality Fiequently, when the T wave is of low voltage 
it may assume a chaiactenstic domelike contoui with a gradual slight 
use, a flattened summit and a gradual fall (figs 2c and 7a, b and e ) 
Inversion of the T wave m all three leads carries the stiongest sugges- 
tion of pericai ditis, but in our study theie weie an equal number of 
instances of its mveision m leads I and II, in leads II and III and m 
lead I alone 

Although the inversion of the T wave in pericarditis is sinnlai m 
contoui to the mveision in caidiac mfaiction, its depth is not as great 
as m some instances of mfaiction Also mveision of the T wave does 
not occui m pei ical ditis while the RS-T segment is elevated, in con- 
tiast to the pievalence of this pattern in cases of mfaiction In instances 
m which the T wave is inverted in lead I while it is upright m lead III 
there is a lack of the exaggeiated positivity of the T wave in lead III 
which is seen in the pattern of the subacute stage of infarction of the 
anterior poition of the left ventncle The recipiocal deviation of 
the RS-T segment obseived in acute coionaiy tlnombosis is lacking 
usually m pencarditis 

Voltage of the QRS Complex — A 1 elation between the low voltage 
of the QRS complex in all the standaid leads and the presence of a 
pericardial effusion was observed in 3 of the 5 cases of proved effu- 
sion and m 5 of the 9 cases of probable effusion In the 3 cases 
of pioved effusion m which theie was low voltage of the QRS complex, 
the amounts of fluid obseived by pencaidial paracentesis weie 250, 500 
and 800 cc , lespectively In 1 of the 2 cases of proved effusion in 
which low voltage of the QRS complex was absent, 150 cc was found 
at necropsy and in the otliei 300 cc was obtained on peucardial para- 
centesis Low voltage of the QRS complex m all three standaid leads 
was observed in 5 of the 9 cases of calcification of the pencardium, m 
the case of chionic tubeiculous pencarditis, m 3 cases m which theie 
was known effusion and in 2 cases m which there was no effusion 

Flectiocaidiogiams taken in 2 cases aftei peucardial paiacentesis 
showed no significant changes m QRS voltage (fig 6a and b) In 1 
case theie was a slight decrease in voltage during the peiiod when 
fluid was known to be accumulating In several cases the voltage was 
lowest during the acute phase of the disease and mci eased appreciably 
during lecovery 

Changes m the Q Wave — Although small Q waves were present 
in a number of cases, a Q s pattern was appioximated only m a case 
m which theie was an associated cardiac lesion of indeterminate type 
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OBSERVATION IN THE PRECORDIAL LEAD AND COMPARISON WITH 
THOSE OF THE STANDARD LEADS 

Tiacmgs from precordial leads were obtained in 17 cases They 
seldom gave crucial diagnostic information of pericarditis which was not 
present m the standard leads They weie fiequently within normal 
limits m the presence of definite changes shown by the standaid leads 

Elevation of the RS-T Segment — There weie 4 cases in which the 
RS-T segment was elevated m one oi moie of the standaid leads and 
was isoelectric in the precordial lead In all the 4 cases m which the 
RS-T segment m the precoidial lead was abnormally depressed it was 
elevated m the standaid leads (figs 6a and d and 7b and /) 

Changes m the T Wave — The T wave m lead IV was upright m 
6 cases In 3 of these cases there were significant invasions of the 
T wave m the standard leads, and in 2 cases the T waves were of low 
voltage in all the standard leads In 1 case there were only minor 
changes in the T wave in leads I, II and III, while T 4 was markedly 
upright There were 3 cases m which the T wave m the piecordial 
lead was diphasic or isoelectric In all these cases theie were sig- 
nificant changes in the T waves in the standaid leads In 8 cases 
there was shallow invasion of the T wave m the precordial lead, and 
in these cases there were significant changes m the T waves in the 
standard leads There were 2 cases in which the T wave m lead IV 
was inverted and of normal depth, in both cases there weie significant 
changes m the T wave m the standard leads Theie weie 2 cases 
m which the T wave in lead IV was exaggerated m depth In both 
these cases the T wave m the standard leads was upright or exagger- 
ated (fig 7f) 

Q Wave — The Q wave m lead IV was absent m 1 case, that of a 
boy aged 15 with acute rheumatic fevei (fig 7a) Theie were on 
record no electrocardiograms made before this attack or since his 
recovery 

Absence of the Q wave was noted m a number of the cases of 
chi onic tuberculous pericarditis reported by Hai vey and Whitehill 18 
In 1 case in our series and in 2 additional cases of pencaiditis observed 
since the completion of this study the Q wave was absent in the Wol- 
ferth precordial lead In 1 of the cases m which lead IV F was taken 
the R wave likewise was piactically absent It was hoped that the 
presence of a normal Q wave in the Wolferth lead m cases of peri- 
carditis would be so constant as to be useful in excluding the occuuence 
of infarction of the anterior portion of the left ventucle as a possible 
cause of the electrocardiographic changes In geneial our studies indi- 
cate that the Q wave m lead IV is infrequently absent in pericarditis 
When it is absent the presence or absence of anterior infarction oi its 
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conjoint existence with pericaiditis will have to be detei mined by the 
piesence or absence of Q x and T a patterns 

COMMENT 

Theoietic Conceptions of the Causation of the Elect? ocardiogi aphic 
Pattern of Acute and Subacute Peiicaiditis — The work of Vander 
Veer and Norris and of Bellet and McMillan 10 seems to indicate that 
the relation between the characteristic pattern of pericarditis and the 
piesence of subepicardial myocarditis, obseived experimentally by 
Fowler, Rathe and Smith 7 and by Herrmann and Schwab , 0 exists also 
m clinical instances of pericarditis It has also been repeatedly dernon- 
stiated that the intioduction of fluid under piessure into the pencaidial 
cavity of animals pioduces changes in the RS-T segment of the electro- 
caidiogram similar to those observed in clinical instances of pericaiditis 

Whether oi not pericardial effusions affect the electrocardiogram 
m clinical instances of pericarditis through a physiologic mechanism 
similar to that m these experiments is questionable The expenments 
of Foulger and Foulger , 0 mentioned previously, seem to us to be pai- 
ticularly significant m this connection Then implications would gieatly 
limit the fiequency of occurrence of conditions in which this mechanism 
might conceivably be responsible for the electrocardiographic pattern 
One might reasonably expect that this would occur m cases m which 
there is clinical evidence of cardiac tamponade, such as m cases of 
hematopencardium and massive puiulent effusions One might rea- 
sonably expect that it would not occur in cases m which cardiac 
tamponade is not present Rheumatic pericarditis, m which electro- 
cardiographic changes are frequently encountered, practically never leads 
to cardiac tamponade, and the amount of pericardial fluid in most cases 
of pencarditis due to vaiymg factors is insufficient to produce cardiac 
tamponade 

The proof of this reasoning must come from a correlation of the 
clinical evidences of the presence or absence of fluid with the electio- 
caidiogiaphic pattern in cases of pericarditis Also, the effect on the 
elevation of the RS-T segment of the removal of pencaidial effusions 
gives information concerning the pait played in the production of the 
electrocaidiogram by the pressure of the fluid Numerous examples 
of such observations have appeared m the literature, and there seems 
to be no constant relation m the majority of instances , 35 a fact venfied 
by our own expenence 

35 Holzmann, M Elektrokardiographische Befunde bei Perikarditis, Helvet 
med acta 3 249-257 (July) 1936 Vander Veer and Norris 2 Winternitz and 
Langendorf 3 Bellet and McMillan 10 Peel 13 Schondorf 14 



316 


ARCHIVES OF INTERNAL MEDICINE 


Figuie 6a shows well marked elevation of the RS-T segment in a 
case of pericarditis with purulent effusion Removal of 250 cc of 
pus lesulted m the heait sounds becoming clearer, but the electrocardio- 
gram taken soon after (fig 6b) showed no lessening in elevation of 
the RS-T segment Figure 3b shows well marked elevation of the 
RS-T segment in a case of pericaiditis secondary to uremia m which 
necropsy a few days later did not show pericardial effusion In 2 
other cases in which theie were no clinical signs of pericardial effusion, 
well marked elevation of the RS-T segment was present (figs 6d 
and 7g ) In both these cases physical examination and cardiac roent- 
genograms revealed no evidence of pericardial effusion 

Factois Determining the Incidence of Electi ocai diogi aphic Changes 
of Diagnostic Value in Pencai ditis — In the first few days after the 
onset of pericaiditis the electrocardiogram usually shows elevation of 
the RS-T segment, which has an upward concavity of contour or is 
almost a stiaight line ascending at an angle to end m an upright, and 
at times an exaggeiated, T wave This observation, especially when 
it occuis m all three standaid leads, is peculiarly characteristic of pen- 
caiditis and is therefore of gieat diagnostic value Somewhat later, after 
the RS-T segment has returned to the isoelectric line, the series of 
changes m the contour and direction of the T waves appears When all 
thiee standard leads are similarly involved, the electrocardiogram is 
characteristic Otherwise, the evolution of the change in the T wave 
observed by taking repeated electrocardiogi ams provides much greater 
diagnostic aid than the pattern in a single tracing There is no doubt 
that the electi ocardiograpluc pattern of chronic pericarditis is frequently 
less chaiactenstic than that of other stages of the disease The tracing 
lacks the change m the RS-T segment seen m the acute stages The 
inversion m the T wave is not characteristic However, the pattern is 
lemarkably uniform in the great majority of instances and is nearly 
always suggestive of pencaidial involvement (fig 9) This suggestion 
is often of value m arousing one’s suspicion that pericarditis is present 
and leads to further diagnostic procedures 

In raie instances many clinical features may point to the presence of 
pericarditis with effusion when the underlying lesion is actually severe 
myocardial damage with extieme cardiac dilatation Two such instances 
were discovered m the review of the present series of cases In both 
cases the cardiac silhouette on i oentgenologic examination suggested a 
pericardial effusion In both the diagnosis of pericarditis with effusion 
was made, and pericardial paracentesis was performed, with negative 
lesults The ages of the patients weie 18 and 35, respectively 
Necropsy m the first case revealed marked myocardial fibrosis and 
ventricular dilatation, of indeterminate origin , in the second occlusion 
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of the left coionaiy arteiy with chronic infarction of the left ventricle 
and marked ventricular dilatation was obseived The pericardium was 
noimal m both cases The tracings m the first case (fig 10a) showed 
maiked notching of the QRS complex m lead II and a prominent Q wave 
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III 
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Fig 9 — Standard electrocardiograms and tracings from the fourth lead in 4 
cases of chronic constrictive pericarditis, with calcification proved at operation 
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F ig 10 —Electrocardiograms obtained in 2 cases of marked myocardial damage, 
m which the clinical pictures resembled pericarditis but in which the pericardium 
was proved normal at autopsy The low voltage of the QRS complexes and of 
the T waves suggests pericarditis, but notching of the QRS complexes is important 
in avoiding such a conclusion 

m lead I , in the second case (fig 10&) theie weie widening and marked 
notching of the QRS complex The QRS complex in chronic pen- 
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caiditis, though of low voltage, is neatly always free from widening 
and notching, and prominent Q waves are not seen Thus, the electro- 
cardiogiam may be of aid m the differential diagnosis m cases m which 
other clinical data may be misleading 

In considenng the giadmg of the diagnostic value of the electro- 
cardiograms in the cases m the present study, we attempted to be con- 
servative The electrocardiograms classified as pathognomonic are 
illustrated m figures 6 and 7 g Two of the three tracings m these 3 cases 
weie obtained within the first two days following the onset of symptoms 
The average number of tracings of each class obtained pei patient was 
as follows pathognomonic, 3 5 , strongly suggestive, 5 , suggestive, 1 8, 
and not suggestive, 1 2 The majonty of the patients comprising this 
study were under observation during the period preceding the develop- 
ment of knowledge of this subject and therefore were not caiefully 
studied cardiographically The occurrence of pathognomonic tracings 
m 3 cases and of strongly suggestive tracings in 22 cases, making a com- 
bined total of nearly 50 per cent of the whole group, would seem undei 
the circumstances a favoiable comment on the frequency of the occur- 
lence of electrocardiographic changes of diagnostic value It is undoubt- 
edly true that the oppoitumty to obtain tracings in the early stages of 
pericarditis and the ability to take serial tracings m the course of the 
disease will increase the fiequency with which characteristic or diag- 
nostic electrocardiograms are observed 

SUMMARY 

In acute pericarditis the most characteristic electrocardiographic 
change consists m elevation of the RS-T segment and m exaggerated 
T waves in the standard leads The RS-T segment may be elevated m 
all three leads, which constitutes the most characteristic picture, or in 
leads I and II, m leads II and III or m lead I alone Reciprocal depres- 
sion of RS-T s when RS-Tj is elevated and depression of RS-T X when 
RS-T 3 is elevated aie rarely observed, and this characteristic serves to 
distinguish these changes from those observed after acute myocardial 
infarction In acute pericarditis the ascending limb of the elevated 
RS-T segment is concave oi ascends as a straight line of an upward 
inclined plane, m contrast to the convex contour of this limb seen fre- 
quently m tracings m cases of acute myocardial infarction In the early 
stage the T waves may be exaggeiated and rather sharp (fig 4c), or 
they may have a dome-shaped summit (fig 7g) 

The elevation of the RS-T segment in acute pericarditis is apt to be 
transitory, certainly more so on the average than the elevation observed 
after acute myocardial infarction In the subacute stage of pericarditis 
the elevations disappear, and the standard leads may return to normal 
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or be followed by T waves of low voltage, by dome-shaped or isoelectric 
T waves or by actual negativity of the T waves Negativity or low 
\ oltage of the T waves m all the standaid leads constitutes the most 
suggestive pictuie of pencarditis at this stage The T wave, if inverted, 
may have a contour closely resembling the “cove plane” T wave observed 
in the stage of healing of myocardial infarction, though frequently it 
lacks the depth of the T wave commonly observed in the lattei condition 
Elevation of the RS-T segments and exaggeiated T waves m the 
standaid leads can be produced by a lapidly accumulating effusion, but 
effusion is not essential m the production of such changes 

The piesence of pericarditis complicating coronary occlusion will be 
signalized clued}'' by elevation of the RS-T segments m the tluee 
standard leads or in leads I and II, with little 01 no elevation but with 
absence of reciprocal depression of the segment m lead III If this 
pattern is succeeded by negativity of the T waves m all the standaid 
leads, the evidence foi pericarditis complicating coronary occlusion is 
greatly strengthened It is piobable that pencarditis complicating acute 
infarction of the postenor poition of the left ventricle will cause eleva- 
tion of RT X or pi event the depiession of ST 1( normally anticipated m 
this condition Pencarditis complicating acute myocaidial infarction 
f 1 equently interferes with the development of T a and T 3 patterns How- 
evei Q x and Q 3 patterns may be present to indicate the site of infarction 
and to suggest that pericarditis alone is not lesponsible for the electio- 
cai diogi aphic changes Absence of a Q wave in the Wolfeith lead and 
of an R wave in lead IV suggests, but does not denote positively, that 
acute infarction of the anterior portion of the left ventricle has occuried 
In tuberculous pencaiditis we have not obseived the elevation of 
the RS-T segment, though it is conceivable that it might occui m an 
acute stage The changes observed m this condition aie chiefly those 
obseived in chronic constrictive peucaiditis 

The electrocardiographic changes obseived in chronic constrictne 
peucaiditis and at ceitam stages of healing m acute pencarditis in some 
patients include (1) low voltage of the QRS complexes m all the 
standard leads, (2) low voltage of the T waves in all standard leads or, 
m the most charactei istic instances, inversion of the T w 7 aves in all 
standaid leads and (3) dome-shaped, flattened, isoelectric oi negative 
T waves m one oi moie standaid leads (fig 9) 

Typical Q x or Q 3 patterns have not occuried m oui series of cases of 
peucaiditis unassociated with acute myocaidial infarction 

The piecordial lead may oi may not exhibit significant changes The 
chief changes obseived aie leveisal of the noimal dnection of or shallow- 
ness of the T -wave In acute pericarditis there is a tendency to depres- 
sion of the RT segment m the Wolferth lead, though it may be absent 
u hen elevations of the RS-T segment are present m the standai d leads 
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In most instances the Q wave is preserved m a normal form, an obseiva- 
tion which is of considerable value in excluding the occunence of acute 
infarction of the anterior portion of the left ventricle 

Unless tracings are taken within two or three days after the onset 
of acute pericarditis, diagnostic electrocardiographic changes may be 
missed Serial tracings taken over a period of days, or even weeks, may 
be requued to differentiate the tracings of pericarditis from those of 
acute myocaidial infarction A rapid return to normal is often sufficient 
to exclude the latter condition 

Considerable experience and detailed knowledge may be required to 
recognize the electi ocardiographic evidences of pericarditis Occasionally 
they are diagnostic Frequently they are suggestive and direct clinical 
studies toward the proper diagnosis They must be correlated with the 
clinical picture and observations to serve their greatest usefulness 
Familiarity with the changes is essential if confusion with other cardiac 
lesions is to be avoided Pericarditis is much more frequent than is 
suspected, its lecognition is often difficult but is highly important, and 
a propei understanding of the electrocardiogiaphic changes produced 
by it will result in a great increase in the proportion of cases recognized 
in medical diagnosis 
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A compi ehensive study of more than 1,700 children and adolescents 
with rheumatic fever has been in progress since 1920 at the House of the 
Good Samaritan m Boston This large gioup includes 81 patients who 
have acquired the physical signs of so-called pure mitral stenosis 

These physical signs consist of (1) a low-pitched (often coaise) 
murmur at or neai the cardiac apex, which begins in mid or late diastole 
and ends with ciescendo in (2) an abrupt, slapping fiist sound A coi- 
respondmg thrill and shock are commonly associated with the more 
advanced lesions, and accentuation of the pulmonary second sound is 
usually present For our puipose in this special study we have excluded 
a considerable number of patients with undoubted initial stenosis who, 
in addition to the physical signs mentioned, had a blowing systolic 
muimur at the caidiac apex, characteristic of associated mitral regurgita- 
tion We lealize that in many of these patients (especially when the 
diastolic murmur is prominent and the systolic murmui is minimal) 
the clinical distinction between “pure” stenosis and a combined foim 
of defoimity of the initial valve may be artificial However, it has 
seemed best to confine our present observations to the group with 
uncomplicated mitral stenosis Furtheimoie, we have excluded those 
patients (1 datively few) m whom signs of free aortic regurgitation 
developed concurrently with their mitral valve defoimity, to avoid the 
possibility of eiror in intei pi etmg the apical diastolic murmur present 
in some as due to initial stenosis, whereas actually in a few instances it 
may have been an Austin Flint phenomenon We have, however, 
letained m this special gioup with “puie” mitral stenosis 19 patients 
who fiom the onset had evidence of slight involvement (regurgitation) 
of the aortic valve, manifested by a soft blowing murmur early m 
diastole at the base of the heart, as well as 34 additional patients m 
whom this sign appealed later Whether or not this may represent, 

From the House of the Good Samaritan 

The expenses of this study have been defrayed by a grant from the Common- 
wealth Fund 
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m an occasional instance, slight functional insufficiency of the pulmonary 
valve (Graham Steell murmui) lathei than of the aortic valve is heie 
of academic interest We believe that such an interpretation is rarely 
justified, and then only in the presence of strongly suppoiting collateral 
evidence in the pulmonary circuit as well as m the heart Auriculai 
fibrillation, not present in any of the patients when mitral stenosis was 
first established, developed later m 3 

This special group of patients with puie mitral stenosis is of interest 
primal lly because of (1) the observed evolution of the physical signs 
m the heart and (2) the manifestations of the rheumatic fever m these 
persons, which have been sufficiently unusual to suggest that a rather 
charactei istic form of the disease favors the later development of this 
particulai deformity m young people Furthermore, it throws additional 
light on ceitam clinical features of mitral stenosis m adult patients 
The average age at which the initial rheumatic fever began m this 
special gioup was 9 3 yeais, which closely approximates the age of onset 
in our larger series of 1,700 patients No patient beyond 21 years of 
age at the onset of the rheumatic fever has been included 

DEVELOPMENT OF PURE MITRAL STENOSIS 

The changing physical signs in the heart pnor to the stage of pure 
mitral stenosis have been observed in 48 of the patients in our group 
In the lemainmg 33 patients the signs were already established when 
the patients were first seen by us 

In table 1 we have arranged the 48 patients with the obsei ved evolu- 
tion of physical signs into two subgioups, according to the presence or 
the absence of demonstiable cardiac involvement with the initial rheu- 
matic fever The majority (27 patients) had auscultatoiy signs of 
valvular disease from the onset, consisting of (1) a loud, blowing 
systolic murmur at the cardiac apex (mitral legurgitation), m 5 
instances, (2) a loud systolic murmur and a poorly defined diastolic 
rumble at the apex (involvement of the nntial valve — mitral regurgita- 
tion and questionable stenosis), m 15 instances, (3) a shoit, low-pitched 
diastolic murmur after the third heart sound at the apex, without 
crescendo or accentuation of the first sound and without an accom- 
panying systolic blow (involvement of the mitral valve — questionable 
stenosis), m 4 instances, (4) a slight diastolic blow after the second 
sound at the base of the heart, usually best heard to the left of the upper 
portion of the sternum and unassociated with murmurs at the cardiac 
apex (slight aortic regurgitation), m 3 instances A similar murmur 
was present m 53 of the 81 patients m our series, m addition to the signs 
of involvement of the mitral valve already noted 
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The second subgroup (table 1) consists of the 21 patients who 
on l ecovery from their initial rheumatic fever had no clinical evi- 
dence of caidiac involvement — so-called potential rheumatic heart disease 
The subsequent appearance and the latei progression of the physical 
signs m the heart prioi to the establishment of puie mitral stenosis aie 
best displayed by this relatively small, but closely followed, group The 
first evidence to appear in 2 of these patients was a systolic murmur at 
the cardiac apex consistent with initial regurgitation This, in turn, 
slowly progressed to the next stage, represented by the apical systolic and 
diastolic murmurs of mitral regurgitation and stenosis In 3 additional 
patients the latter combination appealed duectly as the first indication 
of heart disease Later, over a penod of years, the systolic murmur 
gi adually became less loud, and ultimately it disappeared as the diastolic 


Table 1 — Development of Puie Mitral Stenosis (48 Patients) 


Number of Patients 

JL- _ 

Period from Onset of Rheumatic Rover to 
Established Mitral Stenosis (Tears) 


Original Status 


1 5 

G 10 

11 15 

1G 20 

20 24 

Group 1 Rheumatic heart disease 

27 






(1) Mitral involvement (regurgitation) 

(2) Mitral Involvement (regurgitation 

5 


1 

2 

1 

1 

and ? stenosis) 

15 

1 

10 

3 

1 


(3) Mitral involvement (? stenosis) 

4 

1 

1 

1 


1 

(4) Aortic regurgitation (slight) 

3 

1 

2 




Group 2 Potential rheumatic heart disease 

21 

2 

13 

2 

4 


Totals 

43 

5 

27 

8 

G 

2 


murmur and first heart sound acquired the characteristics of pure 
stenosis In contrast to this sequence of events, the earliest physical 
sign to appear m the remaining 16 patients (75 pei cent) was a short 
mid-diastolic murmur, following a rather prominent third sound, at the 
apex of the heart This slight apical diastolic murmur slowly evolved 
into the chaiactenstic ciescendic presystohe murmur of mitral stenosis, 
without the occurrence at any stage of a systolic murmur We suspect 
that the absence of significant enlargement of the heart during the yeai s 
after the initial rheumatic fever is primarily responsible for the absence 
of an associated systolic muimur Minimal involvement of the aortic 
valve (slight reguigitation) became manifest at the same time m 8 
patients, and in 1 instance it preceded by several months the appearance 
of the initial diastolic murmur 

It is to be fuithei noted fiom table 1 that in relatively few instances 
(5 patients) did pure mitral stenosis become established m the first five 
}eai period The earliest occunence was three years after the initial 
attack of rheumatic fevei In the majority of the patients (27) it devel- 
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oped duiing the second five year period, but there lemamed a consideia- 
ble number (14) m whom the characteristic signs did not become 
established until the third five year penod aftei their original rheumatic 
fever In 2 patients of this series puie initial stenosis was established 
more than twenty years after their original illness These clinical obser- 
vations are m close agieement with previously lecorded postmortem 
studies, 1 m which it was shown that the ultimate development of exten- 
sive valvulai deformity of the mitral orifice (either with or without 
actual stenosis) probably requires a minimum of two yeais, and in most 
instances a consideiably longer penod 

SPECIAL FEATURES OF THE RHEUMATIC FEVER 

Rheumatic fever m this group of 81 patients has been charactenzed 
by a nnld couise The evidence for this conclusion is based on thiee 
important aspects of the disease (1) the actual clinical manifestations 
of lheumatic fever, (2) the incidence and degree of the initial involve- 
ment of the heait, and (3) the subsequent complications 


Table 2 — Relative Seventy of Rheumatic Fevci (SI Patient 1 ;) 




Number of Patients 



Initial Attac] 

— > 

Later Recurrences 

Chorea (uncomplicated) 


17 

12 

Rheumatic fever (mild) 


63* 

49 

Rheumatic fever (severe) 


1 

S 

Total 


SI 

69 


* No recognizable illness, 4, poor health, 13 poor health plus joint pains or chorea, 46 


Chmcal Manifestations — An appiaisal of the lelative seventy of 
lheumatic fevei as regards both the first attack and later reel udescences 
is summanzed in table 2 For the purpose of this appiaisal we con- 
sideied one or moie of the following clinical signs to be indicative of 
a' relatively severe foim of lheumatic fever subcutaneous nodules, 
exsanguinating nosebleeds, pencardial friction lub, pulmonaiy 01 pleuial 
involvement, severe febrile episodes or congestive heart failuie The 
initial illness was manifested by uncomplicated chorea m 17 patients This 
so-called pure chorea is considered by us a manifestation of nnld lheu- 
matic fever 2 The remaining 64 patients (with 1 exception) were also 
considered to have a mild form of rheumatic fever, on the basis of the 
absence of a recognizable illness prior to the appearance of heart disease 

1 Bland, E F , White, P D , and Jones, T D The Development of Mitral 
Stenosis in Young People, Am Heart J 10 995 (Dec ) 1935 

2 Jones, T D , and Bland, E F Clinical Significance of Chorea as a Mani- 
festation of Rheumatic Fever, JAMA 105 571 (Aug 24) 1935 
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in 4, a period of poor health of obscure nature immediately preceding the 
appeal ance of heart disease m 13 and, m addition to poor health, either 
characteristic joint pains or chorea m the lemamder (46) Theie was 
only 1 patient whose initial illness was consideied to be severe by the 
foiegoing cntena 

Recrudescences occurred in 69 (85 per cent) of the 81 patients In 
the majonty the later rheumatic manifestations were similar to those 
of the ongmal attack, except that m 8 instances the subsequent clinical 
signs indicated a more severe form of the disease than had been piesent 
at the onset 

Involvement of the Iieait — The extent of cardiac involvement, as 
shown by the size of the heart, is probably the most lehable index of the 
relative seventy of lheumatic fevei m childhood In geneial, both the 


Table 3 — Change tn Size of the Hcait (81 Patients) 


Number of Patients 


Original Size of Heart 

A 

Present Size of Heart* 




Enlarged 



Enlarged 




Mod 



Mod 

Original Status of Patients Normal Slight erate Marked Normal Slight ernte Marked 

Potential rheumatic heart disease 

Rheumatic heart disease 

21 



10 

11 


1 Mitral Involvement (regurgita 
tion) 

2 Mitral involvement (regurgita 

4 

1 


2 

2 

1 

tion and ? stenosis) 

12 

3 


10 

4 

1 

3 Mitral involvement (? stenosis) 

3 

1 


2 

2 


4 Aortic regurgitation (slight) 

1 Mitral involvement (established 

2 

1 


2 

i 


stenosis) 

17 

12 

3 1 

s 

15 

0 1 

Totals 

39 

18 

3 1 

34 

35 

11 1 


* Prior to Anal fatal Illness in 11 cases 


incidence of involvement and the degree of enlaigement (dilatation) 
paiallel the seventy of the clinical manifestations of the disease, occa- 
sionally notable exceptions are encounteied 

In table 3 is shown the distnbution of the patients accoidmg to the 
size of the heait, both at the time of the ongmal illness and after 
the development of puie mitral stenosis It is to be noted, hist, that 
lecogmzable involvement was piesent with the initial attack of rheumatic 
fevei in only 57 pei cent (60) of the patients, wheieas oui expenence 
with the larger gioup of 1,700 patients indicates an initial involvement 
of the heart in approximately 70 per cent Second, and perhaps of 
more impoitance, are the data for the size of the heart, both at the onset 
and dining the subsequent course of the disease The high peicentage 
(73 per cent) of patients with no initial enlargement and the infrequency 
of even a moderate degree of enlargement for the remainder are striking 
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The subsequent failure of the heait to enlaige significantly in the 
majority of the patients, m the presence of both recurring infection and 
developing stenosis, is an additional and important indication of the 
lelative mildness of rheumatic fever 

Subsequent Complications — To date, the subsequent couise has been 
favorable for the majority of these patients, as reflected by the lelative 
mildness of their recurrent rheumatism, the failure of the heart to 
enlarge significantly, the maintenance of an excellent functional reserve 
and the relative freedom from serious complications Of the total gioup 
of 81 patients, 53 (65 per cent) are leading normal lives, while 13 
(16 per cent) are slightly limited and 4 (5 per cent) are moderately 
limited by dyspnea on exertion The remaining 11 patients (13 pei cent) 
have died This is m striking conti ast to a death late of approximately 
24 per cent for a control group of 1,000 young rheumatic patients, of 
essentially the same age, followed foi a comparable length of time 
(ten years) 

Of the 11 deaths, rheumatic fever (and heart failure) was responsi- 
ble foi 5, pulmonary embolism (questionable acute pulmonary edema) 
for 2 and postoperative heart failure and bronchopneumonia for 1 each, 
and m 2 instances the cause of death could not be ascertained Two 
patients were examined post mortem In both instances the clinical 
diagnosis of marked mitral stenosis and slight aortic regurgitation was 
confirmed In each the deformity of the mitral valve was found to be 
of the “fish mouth” type Of the more or less special complications 
frequently associated with mitral stenosis in older patients, the following 
have occurred hemoptysis in 8 patients, pulmonary embolism (ques- 
tionable acute pulmonary edema) m 3, cerebral embolism m 1 and 
auncular fibrillation m 3 It is of interest that subacute bacterial endo- 
caiditis has not developed in any patient 

OTHER CONSIDERATIONS 

In this report we have been concerned entirely with a group of young 
people m whom puie mitral stenosis has developed at an early age It is 
well known that m many older patients this particular structural 
deformity may appear insidiously and remain clinically silent for years 
In fact, if the disease is not discovered accidentally, the later occurrence 
of characteristic complications often directs attention for the first time to 
the heart It is largely the occurrence of these special complications 
which may seriously impair the future health of the person We refer 
to the ultimate appearance of auricular fibi illation m many patients 
Less often the occurrence of hemoptysis, pulmonary infarction, acute 
pulmonary edema or peripheral embolism leads to the discoveiv 
of previously unsuspected mitral stenosis Furthermore, one is often 
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impiessed by the prominence of the signs of valvulai deformity 
(stenosis) in older patients, which are out of proportion either to the 
degree of caidiac enlargement or to the impairment of cardiac reserve 

In the light of our piesent obseivations on youngei patients in whom 
this defoinnty has developed as a result of mild rheumatic fever, the 
unusually high peicentage of older patients with a "negative” rheumatic 
lnstoiy is moie readily undei stood In fact, even m some of the younger 
patients who weie under close observation at the time of their active 
disease it has been impossible to identify clearly as rheumatic fever then 
mild illness prior to the appeal ance of characteristic signs m the heart 
It is piobable that the favoiable couise of the illness m the majonty of 
these patients (both young and old) is to be accounted foi by the mild 
rheumatic fever, which m turn favois the continued integrity of the 
myocardium 

CONCLUSIONS 

Fiom a clinical study of 81 young patients who have acquued the 
physical signs of so-called pure mitral stenosis it has been shown that 

1 The evolution of the physical signs pnoi to the establishment of 
this deformity requued in the majonty fioni five to fifteen yeais 

2 A lelatively mild foim of lheumatic fever appeals to favoi the 
development of this particulai lesion 

3 The prolonged couise of the disease in most patients with this 
defoimity is fundamentally dependent on a benign type of rheu- 
matic fevei 
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Although stethoscopes have been used since the time of Laennec, little 
exact mfoimation concerning the efficiency of different types is available, 
and apparently most physicians are influenced in their choice of a 
stethoscope by exterioi finish or by features which make the instrument 
easy to use or convenient to carry rathei than by its inherent woith 
as an acoustic instrument Many diffeient end pieces of the chamber 
and bell type are m use, and, although it is unlikely that all of these 
aie equally satisfactory, little information is available as to the acoustic 
propei ties of the different kinds The same may be said of the different 
arrangements of tubing that are employed The tubes, usually made 
of rubbei, may be long or shoit and of laige or small diametei, and 
they may consist of soft gum rubber or of much stiffer material, but 
again few data concerned with their acoustic performance can be found 
The purpose of this papei is to present the results of tests that have 
been carried out with an acoustic model in an attempt to answer some 
of the questions laised by lack of adequate studies of these problems 

The stethoscope in use is but one pait of an acoustic system made 
up of (1) a source pioducmg vibiations within the body which are 
tiansmitted through tissues, relatively dense as compaied with an, to 
the wall of the chest, (2) the stethoscope, which leceives the vibrations 
at the surface of the skin and tiansmits them to the ear, and (3) the 
ear itself, which peimits one to hear the vibiations as sounds This is 
not the place for a detailed discussion of the nature of the acoustic 
combination involved, but it should be emphasized that tiansnnssion 
takes place in two different mediums, one dense and the other rare, 
that the transfei of vibratory energy from one such medium to the 
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School 
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other may occui with extremely low efficiency and that one function 
of the stethoscope is to mciease matenally the amount of sound energy 
that becomes available for auscultation A more complete presentation 
of these matters will appear in another place 

METHODS 

It is apparent, from the considerations mentioned, that experiments devised to 
determine how well different stethoscopes transmit sounds should be arranged 
so that the instruments are tested in a system of the same type as that in 
which they function when m actual use For this reason the setup shown 
in figure 1 A was employed A special telephone receiver (fig IB) driven by a 
variable frequency oscillator was placed within the heart of a cadaver by means of an 
abdominal-diaphragmatic approach so that vibrations of any desired amplitude and 
pitch were transmitted to the intact thoracic wall over the heart The vibrations were 
picked up by the end pieces of the stethoscope and conveyed through the columns 
of air of the instrument to a condenser microphone The output from the micro- 
phone was passed into a suitable vacuum tube amplifier and thence to an output 
meter of the rectifier type The readings of this meter were proportional to the 
intensity of the sound waves striking the diaphragm of the condenser microphone 
All tests were made with the end pieces of the stethoscope held rigidly against 
the same point on the precordium (fig 1 C), and great care was taken to be sure 
that each end piece was in air-tight contact with the skin 

Before any tests on stethoscope units were undertaken, attempts were made to 
standardize the vibrations transmitted to the wall of the chest so that their ampli- 
tude would be constant over the entire range of frequencies to be employed This 
problem proved to be difficult and was not solved to our complete satistaction We 
finally used a crystal vibration pick-up, fixed at the chosen point on the prc- 
cordium, and dctei mined the value of the resistance (R, fig l A) which would 
give the same response on the output meter at each frequency The condensei 
microphone and its associated amplifier were, of course, not in the circuit while 
these preliminary calibrations were being made 

The tests on stethoscopes were carried out in two separate studies In the first 
group, a large number of different end pieces (fig ID, E) were used, while the 
rubber tubing was not changed Tubes (fig IB) 47 4 cm in length, made of no 1 
tubing, which had an outside diameter of 11 mm and an inside diameter of 4 mm 
arranged as shown in unit S of figure 1 E, were employed for this work In 
the second group of tests, on the other hand, the same end piece, no 2, was used 
throughout, and the response of this bell with various lengths of the diffeient tubes 
(fig 1 F ) was determined 

The method of obtaining the data for each combination was as follows 
After the desired tubing was placed on the metal binaural parts and the end 
piece had been satisfactorily approximated to the thoracic wall, the oscillator was 
set to deliver the lowest frequency that was used The variable resistance (R) 
was then set to the value determined by the preliminary calibration previously 
mentioned and finally the reading of the output meter was recorded The oscillator 
was then reset to the next higher frequency, and the process was repeated The 
frequency run on a single unit was finished when the responses for eighteen different 
frequencies, from 20 to 800 cycles per second, had been determined In all instances 
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the accuracy of the measurements was checked by redetermining the reading of the 
output meter for several different frequencies The pitch of the sounds employed 
was known quite exactly, since the oscillator used was a Geneial Radio Company 
type 613-B beat frequency oscillator, and its output was frequently checked on a 
cathode ray oscillograph by comparison with a 60 cycle wave 



Fig 1 — A, schematic diagram of setup employed B, special telephone receiver 
placed inside the heart C, the condensei microphone and arrangements for holding 
end pieces ngidly to thoracic wall D and E, different end pieces tested F, 
different lands of tubing tested 

RESULTS 

The graphic method is the best and most concise way to present the 
laige numbei of observations made m this stud), and the performances 
of different units are plotted as curves m the charts repioduced In all 
of them the frequency is plotted on the honzontal axis In the first 
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chait (fig 2 A) the leadings of the output metei are plotted duectly 
as the ordinates, but m the lemammg charts the lesponses of the units 
in question are expiessed as the loganthm of the latio between the 
meter leading for the unit undei test and that for a standard or refer- 
ence combination The actual calculations were made using the equa- 
tion decibels (db ) =20 log log-, m which p x is the reading of the 
output meter for the unit undei test and p 0 that for the standard unit 

The logaiithnuc or decibel scale has seveial important advantages 
In the fiist place, by its use the perfoimances of a large number of 
diffeient end pieces or of different tubings with the same end piece aie 
compaied with the i espouse of a single standaid combination, and by 
this means variations m the response cuives due to faulty cahbiation 
of the vibiations at the suiface of the chest aie m a laige measure 
eliminated As the standard unit we aibitianly selected bell no 1, oi 
bell no 1 with a lubber nipple (unit 2), and no 1 tubing thioughout, 
and m the charts its lesponse is assumed to be 0 decibels ovei the entue 
fiequency lange If the unit under test is superior to the standaid 
the cuive lies m the positive decibel region, above the 0 axis, while if 
the unit tiansnuts certain sounds less well than the standard the line 
will be found m the negative decibel poition of the giaph, below 
the 0 axis 

Since the loudness of sounds is piopoitional to the loganthm of the 
leadings of the output metei and not to the readings themselves, the 
cuives plotted accoiding to the decibel system may be intei preted 
duectly m teims of the sensation pioduced It happens that a change of 
1 decibel, plus oi minus, lepresents approximately the minimal change m 
loudness that the human ear can perceive In this woik, however, we 
shall not consider that any unit under test deviates significantly fiom 
the standaid unless its lesponse cuive lies 3 decibels or moie above 
oi below the 0 line 

Since the chaits aie self explanatoiy, it is not necessary to discuss 
in detail the results obtained with all the combinations tested, never- 
theless, seveial of the most significant findings deserve particular 
emphasis Chaits A, B, D, E and H m figure 2 and F in figure 3 
illustrate the improvement m tiansnussion that lesults when a soft 
rubber nipple is placed over the end of an end piece 1 of the bell type 

1 Several observers (Oden, C L A Soft Rubber Tip for the Bell Type 
of Stethoscope, J A M A 77 623 [Aug 20] 1921 Gordon, B J Lab & Clin 
Med 14 1111 [Aug ] 1929 King, G C Simple Stethoscope Tip, JAMA 
97 24 [July 4] 1931 Harrop, L L California & West Med 43 363 [Nov ] 
1935) ha\e suggested the use of a rubber nipple o\er the end piece to make the 
unit warmer and thus more agreeable for the patient, and also to reduce inter- 
ference due to ad\ entitious sounds, but, as far as we know', the nipple has not 
been used to improve the acoustic performance of the end piece 
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(unit 2, fig 1 D ) It will be observed that except at the higher fie- 
quencies the use of the nipple lesults m a significant gam m the response 
of the unit The explanation for this finding is not clear, but a cal- 
culation shows that the slightly increased aiea of contact with the 
wall of the chest occasioned by the addition of the nipple is not sufficient 
to explain it, moreovei, it is not due to the presence of a more perfect 
contact with the chest, foi a test with bell no 1 aftei it had been 
securely fastened to the wall of the chest with rubber cement, as shown 
by the solid line in figuie 2 C, yielded lesults practically identical with 
those obtained before the cement was applied 

The relative perfoimance of several commonly used end bells is 
shown m chaits C, D and E m figure 2 The solid line m the chait 
last mentioned shows that bell no 5, which has a large conical air 
chambei, compares favoiably with bell no 1, which has a shallow 
chamber, up thiough a fiequency of 100 cycles pei second, but that 
foi sounds of highei pitch its response falls off somewhat Bell no 3 
is identical with bell no 1 except that its lower part is made of soft 
rubbei, and it is seen to respond much like the standard bell (line of 
dashes, fig 2 C ) except for a distinct decrease m transmission foi the 
highest fiequencies Bell no 4 is similai to bell no 1 except that m 
the former the small hole does not extend up as far into the metal 
fiame as it does m the lattei, and its behavioi is similai to that of the 
standard unit except for a diop m tiansmission for frequencies between 
150 and 500 cycles pei second 

Figuie 3 C gives the lesponse curves for the large Bowles end 
piece with the legulai stiff diaphiagm (solid line), with a piece of 
loentgen lay film as a diaphiagm (line of dashes) and, finally, without 
a diaphiagm (dotted line) The stiff diaphragm obviously acts as a 
filter, causing consideiable attenuation of the low-pitched sounds, while 
the highei frequencies, 150 cycles and above, pass easily The flexible 
diaphragm does not have this propeity, foi the curve obtained when 
the loentgen ray film was used and that obtained when no membiane 
at all was employed follow each other closely The cuives m figuie 3 D 
show that a soft lubbei sheath placed over the aperture of a laige 
Bowles unit materially improves its tiansmission, and this is tiue 
whether a diaphragm is used or not This result is lather surprising, 
and we aie not able to give an adequate explanation 

Charts F and G in figure 3 show data on the performance of the 
Becton-Dickmson stethoscope units The bells employed were similar 
in design to units 4 and 5, but the Bowles end pieces differed somewhat 
from the conventional pattern, and the connection with the end piece 
was made by a single rubber tube, with the division into two tubes 
occurring close to the metal binaural (unit 20, fig IB) The standard 
unit with which the Becton-Dickmson units were compaied was bell 
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Fig 3 — The results of tests on different end pieces, including unusual units 
of the bell type, conventional Bowles end pieces and Becton-Dickmson combinations 
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no 1 with no 1 tubing of the same over-all length as that used m 
the Becton-Dickmson stethoscope Chait F (fig 3) shows that the 
i esponse for the shallow bell (curve 1) is slightly better than that 
f oi the standaid, that the use of a lubbei nipple (cuive 2) fuithei 
impioves its perfoimance and that the wide-mouthed bell with a large 
conical chamber, like that of unit 5, displays a significant drop in 
transmission at high fiequencies Chait G shows that the Becton- 
Dickmson units with shallow chambeis do not peifonn like the usual 
Bowles end piece with a stiff diaphragm They apparently do not attenu- 
ate the sounds of low fiequency but show a fanly uniform 1 esponse 
except that the sounds of high pitch are poorly tiansmitted 

The pei f oi mances of diffeient kinds of rubber tubing and diffeient 
lengths of tubing aie shown in the charts of figuie 4 The same end 
piece (bell no 1, with nipple, unit 2) was used throughout this woik, 
and 40 cm lengths of no 1 tubing were used as the standaid The 
foui cuives m figure 4 A give the lelative lesponses of lengths of no 1 
tubing varying fiom 70 to 15 cm It will be seen that the behaviors 
of all these tubes are loughly similar up to a frequency of 100 cycles 
per second At about this fiequency rnoie maiked diffeiences in 

1 esponse, due to resonance phenomena m the tubes, appear For 
example, the long 70 cm tubes have their first resonance peak at a 
fiequency of appi oximately 100 cycles, with secondaiy peaks at lughei 
fiequencies, while the 15 cm tubes show lesonance fiist at about 200 
cycles The resonance phenomena aie moie clearly shown when the 
readings of the output metei are plotted duectly, and m such giaphs 
(not shown here) the fiist lesonance peaks foi tubes 30, 40 and 50 
cm long he between the maximum foi the 15 and that for the 70 cm 
tubes, and secondaiy peaks aie seen m then proper positions at higher 
frequencies 

When the tests on tubing weie undei taken, we expected to find that, 
except for resonance peaks, the tiansnnssion tlnough long tubes would 
be considerably pooiei than that through shoit ones because of loss 
in eneigy due to absoiption in the rubbei walls of the tubes It is 
appaient that this is not the case and that there is no decrease in 
i esponse until the highest fiequencies are leached 

In figuie 4 B the peiformance of no 2 tubing 20, 40 and 60 cm 
in length is compaied with that of no 1 tubing 40 cm in length No 

2 tubing was made of medium firm black rubber, with an outside 
diametei of 13 mm and an inside diameter of 7 5 mm It will be seen 
that the response cuive foi tubes 40 cm long indicates that tiansnnssion 
tlnough them is not quite as good as when the column of air is smaller 
The cuives foi other lengths aie similar, except for peaks due to 
lesonance at different frequencies 
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Tubings no 3 and no 4 weie made of soft gum lubber, the formei 
had an outside diameter of 10 mm and an inside diametei of 6 5 mm , 
and the latter had an outside diameter of 8 mm and an inside diametei 
of 4 5 mm Figure 4 C shows again that with larger columns of air 
transmission is somewhat poorer than with the standard unit Except 
foi fluctuations due to resonance similar results were obtained with 
tubing 20 and 60 cm m length No 4 tubing had an inside diametei 







Fig 4 — The results of tests on different lengths and types of tubing 


only slightly greater than that of no 1 tubing, and in figure 4 D 
the curve for the 40 cm length is seen to follow the 0 axis closely 
It is apparent that the physical characteristics of the lubber are a 
negligible factor in determining the response of a stethoscope This 
point is further emphasized m the response curves for 40 cm lengths 
of no 5 and no 6 tubing seen m figure 4 E Both of the tubes had an 
outside diameter of 11 mm and an inside diameter of 7 mm and were 
made of stiff red rubber No 5 tubing was cut from new stock, while 
no 6 tubing had been in the laboratory for a long time and was harder 
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and moie rigid than the no 5 tubing The size of the an column in 
these tubings was intermediate between that of no 2 and no 3 tubing, 
and the response curves are seen to agree with those for the 40 cm 
tubes in figuie 4 B and C The curve made up of short dashes m 
figure 4 E was obtained, after all the different kinds of tubing had 
been tested, by repeating the frequency lun on 40 cm lengths of no 1 
tubing The small deviation from the 0 decibel line indicates that the 
bell on the wall of the chest remained in constant position throughout 
all the tests of this group 

COMMENT 

A few important general statements regarding stethoscopes can 
be made from the results just presented The lesponse of any unit 
will depend both on the type of end piece and on the character and 
anangements of the tubes employed, but the piesent studies indicate 
that satisfactory transmission is much more dependent on the choice of 
the end piece than on the nature of the tubes A similar conclusion is 
supported by theoretic considerations, for whenever tiansnussion of 
sound from a dense to a rare medium takes place a serious loss of 
vibratory eneigy occurs, which is due to reflection of sound waves back 
into the dense medium It can be shown that a pioperly designed 
end piece may increase manyfold the power transmission across the 
boundary between a solid or a liquid medium in which vibrations have 
originated and the air Stewart and Lindsay 2 discussed the principle 
of the stethoscope m detail and showed that the transmission of sound 
energy fiom water to air can be greatly increased by the use of a 
simple end piece, consisting of a large shallow chambei connected with 
a listening tube of much smaller diameter 

It is evident that an end piece with a large aperture exposed to the 
vibiatmg chest should display better characteristics for transmission 
of sound than a similar unit with a small opening The favorable 
response of bell no 9 (fig 2 G) and the poor showing of the small 
bell of unit 13 (fig 3 B) are probably due largely to the difference m 
the effective aiea for receiving sound waves Bells having nearly the 
same effective aperture may differ considerably m their response, how- 
ever Thus, the bell of type 1, with a shallow chamber, is superior to 
bells of types 5, 6 and 10, which differ from the standard unit not only 
because they lack the shallow air chambei but also because the column 
of air enclosed m the bell is large In this connection it is of interest 
to note that several years ago Barss, Eade and Fitzgerald, 3 in one 

2 Stewart, G W, and Lmdsay, R B Acoustics, New York, D Van 
Nostrand Company, Inc , 1930 

3 Barss, W R , Eade, W F , and Fitzgerald, E B Boston M & S J 195 
116 (July 15) 1926 
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of the few scientific studies of tiansmission of sound thiough stetho- 
scopes to be found in the American literature, concluded that of a 
number of end pieces of the bell type with apeitures of the same sue, 
the units with small an chambers were best Their work was done 
befoie many of the mstiuments now consideied as essential in an 
acoustics laboiatoiy weie available, but although the units tested weie 
suspended m air and were not in contact with a solid vibrating medium, 
the lesults are of interest 

These considei ations lead us to believe that the most satisfactory 
type of bell is one with as laige an aperture as is practicable, say 3 cm 
m diametei, and a shallow air chamber Fiom a theoretic standpoint 
the chamber should be as shallow as possible, but for use on the wall 
of the chest a depth of not less than 3 to 5 mm is piobably necessai) 
The column of air leading fiom the terminal chamber should not be 
moie.than 3 mm in diameter, and the small column should pass as fai 
as possible up into the metal framework of the end piece and terminate, 
without abrupt change in cioss section, in two columns of similai size 
with which the air channels of the rubber tubes are continuous We 
have shown that tubes with small air passages conduct sounds of all 
fiequencies tested somewhat better than tubes of larger cross section 
For the ideal end piece tubes with small diametei s should therefore be 
used 

It is fitting heie to call attention to some of the acoustic studies on 
stethoscopes that have been carried out in Europe Of these, the 
investigations of Landes, 4 Martini 6 and Tobler 6 are of paiticulai 
interest These authors, however, weie chiefly concerned with mon- 
aural units, and few data relating to binaural stethoscopes, paiticulai ly 
to the performance of different kinds of end pieces, aie to be found 
Landes stated the belief that rubber tubing was unsuitable for use with 
stethoscopes because of the large amount of sound energy absorbed by 
the rubber itself He suggested that tubes made of metal would be moie 
desirable m this respect Recently Macfailan 7 published a shoit article 
on the acoustics of the stethoscope He did not describe the units that 
he tested or tell how the results weie obtained His conclusion that 
“the unaided ear operates at greatei efficiency than the ear aided bt 
any type of stethoscope” is not so suiprismg if it is lemembered that 
the ear really functions as a stethoscope when it is applied directly to 
the chest 

4 Landes, G Deutsches Arch f khn Med 171 607 (Oct ) 1931 

5 Martini, P Ztschr f Biol 71 3, 1920 

6 Tobler, P D Schweiz med Wchnschr 60 933 (Oct 4) 1930 

7 Macfarlan, D Acoustics of the Stethoscope, JAMA 110 2068 (June 
18) 193S 
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A final woicl must be said concerning the 1 elation of this study to 
clinical medicine We believe that the data we have presented indicate 
that some stethoscopes are better acoustic instruments in that they ti ans- 
nut more sound eneigy to the eai We do not advise all physicians to 
discaid the stethoscope to which they are accustomed foi one that may 
be acoustically superior because, except foi sounds that aie so faint 
as to be neaily inaudible, the loudness of sounds through the instill- 
ment is of no unpoitance In geneial, howevei, it is important to have 
an intimate acquaintance with the kind of sound that one is listening 
for and to be able to differentiate and mterpiet pioperly what is heaid 
In diagnosis of cardiac disease tiaming and experience aie moie essen- 
tial than a perfect stethoscope 

SUMMARY AND CONCLUSIONS 

A method is descubed for testing stethoscopes m an acoustic sys- 
tem similar to the one that is piesent dui mg auscultation m the clinic 

The lesults with this method indicate that 

1 The bell with a shallow chamber is superioi to othei end pieces 
of the bell type 

2 A mbbei nipple place ovei the teimmal poition of a bell impioves 
its peifoimance 

3 The diaphragm of a Bowles end piece acts as a filtei to suppiess 
the transmission of low-pitched sounds, but the diaphragm must be 
stiff to be effective m this lespect 

4 Althought rubber tubings of diffeient lengths, diameters and 
degrees of stiffness modify transmission, laigely because of resonance 
phenomena, the differences are i datively small, and the response of a 
stethoscope depends moie on the choice of the end piece than on the 
natuie of the tubes that aie used 

Dr R E McCotter and members of his staff aided m obtaining the anatomic 
material used in this study, and Prof L N Holland loaned the condenser micio- 
phone Dr Frank N Wilson helped in the preparation of the paper 



ATYPICAL FACIAL NEURALGIA 

DIAGNOSIS, CAUSE AND TREATMENT 
MARK ALBERT GLASER, MD 

LOS ANGELES 

From 1908 to 1916 Sluder 1 wrote a series of articles in which he 
described a neuialgic pam based on involvement of the sphenopalatine 
ganglion and the sphenoid sinus It was true that some patients with 
this peculiar pam were relieved by therapy directed towaid the spheno- 
palatine ganglion and sphenoid sinus, but there was a group of other 
patients who were thought to have sphenopalatine neuralgia but whose 
pain Sluder himself was unable to relieve by this therapy Pams of 
this variety were described by Oppenheim, 2 Cushing, 3 Harris 4 and 
Davis 5 In 1924, for the first time, Frazier and Russell 6 segiegated a 
group of patients from those with charactenstic trigeminal neuralgia 
and suggested that because of the pecuhai nature of their pains, and 
for want of a better term, their disease be called “atypical neuralgia ” 
In 1928 1 7 segregated 143 patients with atypical neuralgia from those 
with typical trigeminal neuralgia and described the complete syndrome 
for the first time In 1938 Beerman and 1 8 again described this syn- 
drome, reporting 200 cases m detail 

From a clinical standpoint this atypical neuialgia has many things 
m common with true migraine, but, in addition, it has some points in 

1 Sluder, G Headaches and Eye Disorders of Nasal Origin, St Louis, 
C V Mosby Company, 1918 

2 Oppenheim, H Textbook of Nervous Diseases, Edinburgh, O Schulze & 
Co, 1911 

3 Cushing, H The Varieties of Facial Neuralgias, Am J M Sc 160 
157 (Aug) 1920 

4 Harris, W Pam in Lesions of Central and Peripheral Nervous System, 
Brain 44 557, 1921 

5 Davis, L E Lesions of the Paratrigeminal Area, J A M A 80 380 
(Feb 10) 1923 

6 Frazier, C H , and Russell, E C Neuralgia of the Face An Analysis of 
Seven Hundred and Fifty-Four Cases, with Relation to Pain and Other Sensory 
Phenomena Before and After Operation, Arch Neurol & Psychiat 11 557 
(May) 1924 

7 Glaser, M A Atypical Neuralgia, So-Called A Critical Analysis of 
One Hundred and Forty-Three Cases, Arch Neurol & Psychiat 20 537 (Sept ) 
1928 

8 Glaser, M A , and Beerman, H M Atypical Facial Neuralgia An 
Analysis of Two Hundred Cases, Arch Int Med 61 172 (Feb ) 1938 
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common with neuralgias of the cranial neives, particularly with tn- 
gemmal neuralgia In some instances it so closely simulates tngemmal 
neuralgia that an injection of alcohol is necessary to differentiate one 
from the other In the earler work of Fiazier and Russell and of 
Cushing a number of patients with what seemed to be trigeminal 
neuralgia weie subjected to major operation on the tngemmal tract, 
and it was only because of the continuation of pain in spite of anesthesia 
that it was realized that these patients had some other type of 
neuralgia In fact, one may definitely state that theie exists a type 
of neuralgia transitional between migraine and tngemmal neuralgia 
Because this tiansitional neuralgia, which I have classified as “atypical 
neuralgia,” may closely simulate both types, and, further, because many 
of the group with atypical neuralgia have an associated neurosis, con- 
sideiable confusion m the nomenclature has existed, with the result that 
the same clinical syndrome has been given different names by various 
authors These names have included psychalgia, facial neuralgia, 
sympathetic algia, pseudotrigemmal neuralgia, ciliary neuialgia, 
migrainous neuralgia, atypical migraine, allergic migraine, sympathetic 
neuralgia, neuialgic headache, senile neuralgia, cephalalgia, facial 
causalgia, cephalalgia of the jaw, sympathetic hemicrama, autonomic 
faciocephahc neuialgia, sphenopalatine neuralgia, vidian neuralgia and 
psychogenic neuralgia 

In the past ten years some progress has been made in determining 
the sensory supply of the face, as well as m classifying the various 
clinical entities which could pi oduce the pam of atypical neuralgia s 

9 ( a ) Reid, M R , and Eckstein, G Sensory Disturbances Following 
Sympathectomy for Angina Pectoris, J A M A 83 114 (July 12) 1924 ( b ) 

Fay, T Atypical Neuralgia, Arch Neurol & Psychiat 18 309 (Aug) 1927, 
Atypical Facial Neuralgia, a Syndrome of Vascular Pain, Ann Otol , Rhin & 
Laryng 41 1030 (Dec ) 1932 (c) Parker, H L Unusual Forms of Pain in 

the Area of the Fifth Nerve, J A M A 83 1672 (Nov 22) 1924 (d) Foerster, 
O Deutsche Ztschr f Nervenh 106 109 (Dec ) 1928 ( e ) Halphen, Monbrun 

and Tournay Les cephalees en oto-neuro-ophtalmologie (physiologie pathologique 
et traitement), Rev d’oto-neuro-opht 7 161 (March) 1929 (/) Peet, M M 

The Role of the Sympathetic Nervous System in Painful Diseases of the Face, 
Arch Neurol & Psychiat 22 313 (Aug ) 1929 ( g ) Grant, F Personal com- 
munication to the author, Jan 20, 1930 (7i) Flothow, P G Relief of Pain from 
a Neurological Viewpoint, Northwest Med 29 69 (Feb ) 1930 (t) White, J C 
Progress m the Surgery of the Sympathetic Nervous System in 1932, New England 
T Med 209 843 (Oct 26) 1933 (;) Mixter, J J , and White, J C Pam Path- 
wavs m the Sympathetic Nervous System, Arch Neurol & Psychiat 25 986 
(May) 1931 (/,) Reichert, F L Neuralgias of Head and Face, Am J M Sc 
187 362 (March) 1934 (/) Davis, L Neurological Surgery, Philadelphia Lea 

& Febiger, 1936 (m) Abbott, W D Diagnostic and Therapeutic Injection of 

the Sympathetic Nervous Sj stem, Nebraska M J 17 293 (July) 1932 («) Wilson, 

(Footnote continued on next page) 
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Though both these problems still remain perplexing, and though con- 
siderable confusion exists, an attempt will be made m this contribution 
to classify the various pa m syndromes producing atypical neuialgia, as 
well as to consider the various phases of present methods of therapy 
This pam need no longer be looked on as incurable However one 
must still be ultraconservative m carrying out therapeutic measures, as 

D C Atypical Facial Neuralgia, J A M A 99 381 (Sept 3) 1932 (o) Fincher, 
E, in discussion on Wilson 911 (/>) Turner, C C , in discussion on Wilson 9 " 
( Q ) Braeucker, W Die Fortschntte und die Zukunft der Sympathicuschirurgie, 
Nervenarzt 6 449, 1933, Ueber typische und atypische Formen von Gesichtsneu- 
ralgien, Zentralbl f Chir 60 2454, 1933 ( r ) Marks, S B Sympathetic Nervous 
System as a Causative Factor in Atypical Neuralgia, Kentucky M J 32 393 
(Aug ) 1934 (s) Bryan, A W Neuralgias of the Head and Neck, Wisconsin 

M J 34 320 (May) 1935 (0 Hyslop, G H Face Pain, New York State J 

Med 36 91 (Jan 15) 1936 (it) Bnckner, R M, and Riley, H A Autonomic 
Facio-Cephalalgia, Bull Neurol Inst New York 4 422 (Dec ) 1935 (v) Mer- 

warth, H R, and Freimann, I Practical Neurologic Therapy, M Times & 
Long Island M J 64 2 (Jan ) 1936 (w) Cobb, S , and Mixter, J Lingual 
Spasm, Ann Surg 101 49 (Jan) 1935 (r) Weisenburg, T H Cerebellopontile 
Tumor Diagnosed for Six Years as Tic Douloureux The Symptoms of Irrita- 
tion of the Ninth and Twelfth Cranial Nerves, J A M A 54 1600 (May 14) 
1910 (y) Harris, W Neuritis and Neuralgia, London, Oxford University Press, 
1926 ( z ) Doyle, J B A Study of Four Cases of Glossopharyngeal Neuralgia, 

Arch Neurol & Psychiat 9 34 (Jan) 1923 (a!) Sicard, R, and Robmeau 

Algie velo-pharyngee essentielle Traitement, chirurgical, Rev neurol 27 256, 

1920 (b') Reichert, F L Glossopharyngeal Neuralgia, West J Surg 39 347 

(May) 1931 (c') Adson, A W The Surgical Treatment of Glossopharyngeal 

Neuralgia, Arch Neurol & Psychiat 12 497 (Nov ) 1924 ( d ') Dandy, W E 
Glossopharyngeal Neuralgia (Tic Douloureux) Its Diagnosis and Treatment, 
Arch Surg 15 198 (Aug ) 1927 (<?') Stookey, B Glossopharyngeal Neuralgia 
Surgical Treatment, with Remarks on the Distribution of the Glossopharyngeal 
Nerve, Arch Neurol & Psychiat 20 702 (Oct ) 1928 (/') Fay, T Intracranial 
Division of Glossopharyngeal Nerve Combined with Cervical Rhizotomy for Pam 
m Inoperable Carcinoma of the Throat, Ann Surg 84 456, 1926 ( g ') Avellis, 
G Typische Form von Kehlkopfneuralgie, Munchen med Wchnschr 47 1592 
(Nov 13) 1900 (h') Hutter, F Ueber Neuralgien des Nervus laryngeus 

superior, Monatschr f Ohrenh 63 402 (April) 1929 ( i ') Bailey, P Neuralgias 
of Cranial Nerves, S Clin North America 11 61 (Feb ) 1931 (/) Echols, 

D H , and Maxwell, J H Superior Laryngeal Neuralgia Relieved by Operation, 
JAMA 103 2027 (Dec 29) 1934 ( k ') Hunt, J R Otalgia Considered 

as an Affection of the Sensory System of the Seventh Cranial Nerve, Arch Otol 
36 543, 1907 (/') Clark, L P , and Tajlor, A S True Tic Douloureux of 

the Sensory Filaments of the Facial Nerve Cure Effected by Physiologic Extirpa- 
tion of Geniculate Ganglion, J A M A 53 2144 (Dec 25) 1909 (in') Reichert, 
FL Tjmpanic Plexus Neuralgia True Tic Douloureux of the Ear or So-Called 
Geniculate Ganglion Neuralgia, Cure Effected by Intracranial Section of the 
Glossopharyngeal Nerve, ibid 100 1744 (June 3) 1933 (»') Hall, G W 

Auricular Neuralgia, Arch Neurol & Ps}chiat 29 615 (March) 1933 



GLASER— ATYPICAL FACIAL NEURALGIA 


343 


has pi eviously been emphasized The physician should refrain fi om any 
suigical measuies unless he is absolutely certain of the diagnosis It 
must still be remembered that mconectly chosen piocedmes, such as 
opeiations on the trigeminal tract, suigical lemoval of the sphenopalatine 
ganglion, exti action of teeth, opeiations on the nose and the nasal sinuses, 
sympathectomies, mastoidectomy and abdominal operations, cairied out 
mdisciiminately in poorly chosen cases will do far more harm than good 
and leave the patient in a much worse condition than before the opera- 
tion I cannot too ui gently advise caution in arriving at a decision for 
operative measuies 

These atypical facial neuralgias may be classified under four mam 
types Type 1 is the primary atypical neuialgia, for which at piesent 
no cause can be ascertained and for which the treatment must be directed 
towaid the blockage of sensory pathways The diagnosis is reached only 
by a piocess of elimination Without doubt, in the future this type can 
be lemoved fiom man}'’ neuralgias of definite, known cause In neu- 
ialgia of type 2, a series of clinical entities gives rise to pam of an atypical 
natuie Treatment naturally must be directed toward the distuibances 
Howevei, the blockage of nerves is necessaiy for the lelief of pam In 
neuialgia of type 3, generalized systemic diseases are responsible foi the 
pam In type 4 an associated pathologic condition of the head, the neck 
oi the abdomen exists, and the neuralgia disappears m most cases with 
elimination of the abnormality In all of these types, if the neuialgia does 
not disappear, specific medical or surgical treatment directed toward the 
sympathetic system should be employed It is well to mention here that 
though this classification and the therapeutic suggestions might indicate 
that the entire pioblem of atypical neuralgia has been solved, the physi- 
cian will still be confronted with a group of unfortunate patients whom 
he cannot relieve of pam Thus the problem remains one foi fuither 
i esearch, with the hope that eventually all these patients can be assured 
of complete lelief from this annoying, painful condition 

CLASSIFICATION Or ATYPICAL FACIAL NEURALGIA 
I Primary atypical facial neuralgia 

II Secondary atypical neuralgia due to various clinical entities 

1 Sphenopalatine and vidian neuralgia 

2 Postherpetic trigeminal neuralgia 

3 “Trigeminal ghosts” 

4 “Trigeminal ghosts” with lingual spasm 

5 Swidrome due to abnormalities of the mandibular joint 

6 Autonomic faciocephalalgia 

7 Painful convulsive tic 

8 Headache due to h\ pertonicity of muscles of the neck 

9 Senile neuralgia 
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III Atypical facial neuralgia produced by systemic diseases 

1 Allergy 

2 Endocrine disturbance 

3 Psychoneurosis 

IV Atypical facial neuralgia due to lesions of the head, chest and abdomen 

1 Infections about the head 

(a) Mastoiditis 

( b ) Thrombosis of the cavernous and longitudinal sinuses 

( c ) Deep-seated facial abscess 

2 Tumors of the head and neck 

3 Intracranial lesions 

4 Dental sepsis 

5 Deviations and spurs of the nasal septum 

6 Ocular lesions 

7 Lesions of the chest 

8 Pathologic conditions in the abdomen and pelvis 

PRIMARY ATYPICAL FACIAL NEURALGIA 

The clinical picture of primary atypical neuralgia has previously been 
discussed in detail It differs distinctly from that of acute neuralgias 
secondary to involvement of the trigeminal, facial, glossopharyngeal, 
vagus and ceivical nerves The pnmaiy type of atypical neuralgia has 
had one distinct point of differentiation from the secondary types All 
the cases of primary atypical neuralgia which have come under my obser- 
vation and m which there was great difficulty m the relief of pam were 
cases in which the pam had been present for a year or more This pam 
is never superficial, is always deep seated and is aching, burning or 
throbbing The patients find gieat difficulty in descnbmg the sensation 
accurately From their accounts of the pam, I have assembled a list of 
some seventy descriptive terms, such as dull, aching, thiobbmg, burn- 
ing, shooting, sharp, drawing, needle-like, boring, pulling, gnawing 
bursting, tearing, tingling, smarting, nagging, kmfelike, beating, sting- 
ing, pricking, itching, gripping, lightning-like, twitching, severe, jumpy, 
crawling, unbearable, wearing, pounding, surging, crushing, vibrating, 
excruciating and grabbing The pam has been described as a sense of 
pressure, as toothache or soreness and as an electnc shock, a hot 
non, bugs creeping, tearing celery, a thousand fishhooks pulling and 
tugging on the face, birds flymg under the skm, the pounding of a ham- 
mer on the face, a hot poker back of the eye, the cutting away of pieces 
of bone or muscle beneath the skm, a bruise , a saw cutting the face, some- 
thing in the jaw, a mass of fire, pms and needles, stiffness, the feeling 
of menthol, the buzzing of a mosquito, tongs on top of the head, a full 
feeling, a hard knot deep m the eye, the bursting of an eyeball, the pushing 
of the eye through the head, drawing out the eye or a ball of fire or 
electricity m the eye 
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In about one half of this series of 245 cases the onset of pam could 
not be attributed to any cause, though numeious coincidental events were 
thought by the patients to be responsible for their difficulties Thuty- 
eight patients felt that pain followed the extraction of teeth, 16 remem- 
bered that the onset of pam was shortly after an accident, wheieas 13 
believed the pam followed suigical treatment and 6 named numeious 
minor conditions as the cause of the complaint It is apparent from this 
study that no particular factoi could be held responsible foi the onset of 
this pam and that the events named were coincidental, except possibly 
the extraction of teeth Tic douloureux affected the two sexes equally, 
whereas atypical neuralgia affected chiefly females Bilateral pam 
occuued m only 2 per cent of the cases of tic douloureux, while it was 
found m 33 pei cent of the cases of atypical neuralgia 

The distribution of the pain in trigeminal neuialgia was always m 
the areas supplied by the tiigemmal neive, whereas m atypical neuralgia 
a cucular area within the distribution of the vascular supply of the face 
and head was affected The pam was felt m the chin, along the nose, 
aiound the eye, ovei the blow, to the vertex oi to the temporal region, 
in front of, in oi thiough the ear and thence down into the suboccipital 
i egion Occasional!) it entei ed the shouldei , rarely the body This wide 
area of distribution might occui in a single case or theie might be indi- 
vidual aieas or various combinations of aieas (flg 1) 

The pam of tiigemmal neuialgia is brought on by the slightest local 
contact, and tnggei zones occui ovei the facial foramens In the cases 
of atypical neuialgia there was occasional tenderness over the cer- 
vical sympathetic ganglion oi over the .carotid aiteiy The pam of 
atypical neuralgia was aggiavated by such local factors as cold, draft, 
heat, eating, light, contact, blushing the teeth, vibration, reading, wind, 
blowing the nose, sneezing, swallowing and shaving, and by such general 
factoi s as fatigue, excitement, menstruation, woiry, talking, winter con- 
ditions, exeition, lying down, stooping, noise, dampness, motion, cough, 
ai gument, washing the face and constipation It might be woi se m the 
morning or at night 

Sympathetic phenomena weie piesent m about 50 pei cent of the 
cases of atypical neuialgia and were never present in tiigemmal neuralgia 
These s)mpathetic phenomena consisted of ocular distuibance, such as 
lamination, edema, coineal injection, inequality of the pupils, bluried 
vision, photophobia and enophthalmos In addition, the following symp- 
toms, some of which aie common m migiame, were sometimes present 
nausea, vomiting, flushing of the face, nasal dischaige, peispnation, sali- 
vation, puffiness of face feeling of wannth, ringing m the ears, soreness 
OAer the temporal aiteiy, chills and aural discharge 
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Outstandingly different from trigeminal neuralgia is the continuous 
natui e of this deep-seated, aggravating pam without pei lods of 1 ehef As 
has been previously mentioned, trigeminal neuialgia manifests itself by 
momentary attacks of excessively severe pam The patient with atypical 
neuralgia has a continuous pam of more annoying, aggravating nature, 
disturbing by its persistence and chromcity rather than by its seventy 
Superimposed on this chronic pam m the majority of cases were attacks 
of greater or lesser seventy, which came on either acutely or insidiously 
If an attack of pam had an insidious onset, it gradually increased m 
intensity ovei a period of from several hours to several days Then the 



Fig 1 — Maximum distribution of pain in atypical neuralgia The dashes 
represent the sensory distribution of the trigeminal nerve, the dots represent the 
distribution of pam m atypical neuralgia Note how the pam zone of atypical 
neuralgia crosses beyond the bounds of the trigeminal sensory supply 

pam would be at its height for several hours to several days During this 
period of most severe pam associated sympathetic phenomena were 
present m some cases, and the patient was necessarily confined to bed 
The pam might then either suddenly subside or gradually disappear 
These attacks might occur at intervals of several days or even of months, 
but during the interim the patient was never free from pam This phase 
of the disease picture demonstrates the close relation of atypical neuialgia 
to migraine, and an even closer relation to migraine is shown by the fact 
that a small number of patients has such attacks frequently with only 
a minor persistent ache, or even at times with no ache, in the intervals 
Another small gioup of these patients has a type of neuialgia more 
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closely allied to the trigeminal foim in that their attacks may last foi a 
half-hour to several hours and occur rathei frequently m the day dui mg 
a penod of susceptibility On close questioning it is found that the chai- 
actei of the pam differs from that of true trigeminal neui algia At times, 
however, one cannot differentiate the picture of atypical neuralgia from 
that of clinical trigeminal neuralgia, and an injection of alcohol is used 
as a theiapeutic test Addiction to narcotics is common among patients 
with atypical neuralgia, but not among those with tugemmal neui algia 

Most of the patients with primary atypical neuralgia have an asso- 
ciated neurosis, a fact which has led many to believe that the entire gi oup 
is psychoneurotic However, one may readily see how a psychoneuiosis 
might develop secondary to this persistent, annoying, iriitatmg pain 
from which no lelief can be seemed It seems closei to the tiuth to 
take this view than to consider the whole pictuie that of a neivous 
patient It is tiue of course that some of these patients aie definitely 
psychoneurotic, but their condition will be considered in detail undei 
the secondaiy types of atypical neui algia 

SECONDARY ATYPICAL FACIAL NEURALGIA 

In this senes of 245 patients with atypical neuralgia, 143 belong to 
the group reported on m Philadelphia 7 None of these 143 patients could 
be relieved of the pam Of the first 50 patients of the second gioup 
Observed, only about 10 pei cent were leheved Of the next 25 patients, 
approximately 65 per cent were found to have secondary conditions and 
about 50 pei cent were relieved of symptoms In 85 per cent of the last 
27 patients the cause of the pam was determined, and m 75 per cent the 
symptoms were leheved It is of interest that most of the patients with 
secondaiy atypical neuralgia had had their pam for only a shoit time, 
from seveial days to thiee months, in conti adistmcti on to those with the 
pnmaiy type, who had had the pam for a year or more befoie they came 
under my observation From a clinical standpoint, the best curatne 
lesults weie obtained with those patients whose pam was of short 
duiation 

Sphenopalatine New algia — As a lesult of anatomic studies, Sluder 
pointed out in 1909 the close lelationship between the sphenopalatine 
ganglion in the sphenomaxillary fossa and the nose or the accessory 
sinuses The ganglion was sometimes situated within 1 or 2 mm of 
the nasal mucosa, and at times it was as deep as 7 to 9 mm The bony 
wall separating the fossa from the ganglion is very thin It is a well 
known fact that inflammatory processes of the sphenoidal, the post- 
ethmoid and the maxillary sinus may extend to the optic nerve Theie- 
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lore, Sluder assumed that such inflammations could extend to Meckel’s 
ganglion, producing pam rather than the blindness secondaiy to involve- 
ment of the optic nerve 

After an observation of 4 7 cases, Sluder gave the following descrip- 
tion of the syndrome 

Pain, which begins at the root of the nose, extends downward over the maxilla 
and backward in the mastoid to become severest about 5 cm posteriorly to its tip, 
thence extending backward to take in the entire occiput, and downward into the 
neck, shoulder blade, shoulder, and sometimes into the axilla With the severest 
attacks it extends down into the arm, forearm, hand and even to the fingers 
According to my observations, this pain very rarely invades the upper part of the 
head When very severe it may extend a little way into the brow, or somewhat 
above the line of the zygoma I have seen this picture complicated by or associated 
with other headaches , but the distinctive “neuralgic phenomena,” as outlined 
above and which ba\e proved uniformly amenable to treatment (cocainization of 
the nose) have not extended to the upper part of the head 10 

Fiom this distubution which he descnbed, Sludei derived his term 
“lowei headaches ” 

In addition to the symptom of pam, Sluder descnbed sensory signs 
which consisted of slight anesthesia of the soft palate, the pharynx, as 
tai down as the lower part of the tonsil, and the lowei anterioi pait of 
the nose He also found such motor signs as a deflected uvula and a 
high palatine aich on the affected side 

In the movement of the soft palate in closing off the nose from the throat, 
the median raphe was deflected from the affected side, and the dimple which 
formed just above the uvula during this act was displaced to the well side 
Normally it is in the median line 

Gustatoiy changes weie almost always diminished oi delayed on the 
affected side 

A sympathetic syndrome consisting of vasomotor and secietory dis- 
tui bances might exist with or without the headache These disturbances 
consisted of a slight coryza, which developed suddenly with an explosive 
effect and was associated with piotracted sneezing and with nasal con- 
gestion, accompanied by thm, hot secretions so profuse as to cause the 
patient to lesort to a towel The eyes became reddened and bathed m 
tears, and sometimes itched oi burned, and the pupils weie sometimes 
dilated 

Vidian Neuialgia — Inflammation of the sphenoid sinus may present 
a picture identical with that of neuialgia which staits m the spheno- 
palatine ganglion, and suggests the anatomic explanation that the 
nerve trunks going to the ganglion (the vidian and the branch from 
the second division of the fifth neive) may, by reason of then proximity 

10 Sluder, G Relation of Sphenopalatine Ganglion to Nose, Tr Am Laryng 
A , 1909, p 329 
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to the sphenoid sinus, become leadily inflamed in sphenoiditis The dif- 
feiential diagnosis can be made fiom the fact that cocaimzation of the 
ganglion conti ols the pam when it ongmates m the ganglion but fails 
to stop it when it ongmates in the sphenoid sinus because the ganglion 
is penpheial to the point of ongin Cocaine applied within the sphenoid 
smus, howevei , does not always stop the pam ouginating theie 

Sluder stated that by electncal stimulation of the Mdian nene in the 
sphenomaxillaiy fossa he was able to pioduce expei nnentally pam in the 
car, mastoid, occiput, neck, shouldei blade, shouldei, aim, foieaim and 
hand, and he used the teim “vidian neuialgia” to descnbe such a distnbu- 
tion of pam He also stated that the pam m the teeth, the eye and the 
temple m neuialgia of Meckel’s ganglion is lefeiable to the anterior, 01 
maxillaiy, component He lepoited seveial cases of vidian neuialgia 
and desciibed tic of the vidian neive as “sharp, lecuuent, stabbing 
attacks of pam m the lowei half of the head, m the neck and shouldei, 
at inteivals of not moie than a few hours apait ” 

Schaeffei , 11 Sludei , 1 Onodi , 12 Gi unwald, 1J and many otheis 
desciibed the intimate relations between the sphenoid sinus and the 
vidian neive 1 unnmg in the vidian canal This intimate 1 elation is due 
chiefly to pneumatization of the pteiygoid piocess and e\en of the 
pteiygoid plates Many anatomic piepaiations show the Mdian canal 
1 unnmg as a piomment lidge thiough the flooi of the sphenoid smus 
with lecesses 01 pi obligations of the smus median and lateial to the 
canal Dehiscences in the bony wall of the canal may place the mucosa 
of the sinus in duect contact with the neive sheath The laige type 
of sphenoid smus with lecesses and pi obligations is moie subject to 
what Canuyt, Ramadiei and Veltei 14 have teimed latent sinusitis 
These authois stated that sphenoid sinusitis is a serious condition with- 
out much tendency to spontaneous healing, paiticulaily when theie aie 
prolongations extending deep into the pteiygoid plates oi into the Mings 
of the sphenoid bone 

The tno chief factois in the pioduction of vidian neuialgia aie ( 1 ) 
infection of the mucosa of a laige sphenoid smus and ( 2 ) a tlnn bony 

11 Schaeffer, J P The Nose, Paranasal Sinuses, Nasolacrimal Passageways 
and 01factor\ Organ m Man, Philadelphia, P Blakiston’s Son &. Co , 1920 

12 Onodi, L Die Beziehungen des Canalis Vidianus, des Nervus petrosus 
superficiahs major und des Nervus petrosus profundus zur Keilbeinhohle, 
Monatschr f Ohrenh 53 377, 1919 

13 Grunwald, L Descriptn, und topograplusche Anatomic der Nasen und 
ihrer Nebenhohlen, in Denker, A , and Kahler, O Handbuch dei Hals-Nasen- 
Ohrenheilkunde, Berlin, Julius Springer, 1925, vol 1, pp 1-95 

14 Canuyt, G . Ramadier, J, and Velter Les sinusites posteneures et leurs 
complications oculaircs, Ann d mal de l’oreille du lannx 44 39 (Jan) 140 
(Feb) 1925 
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wall of the vidian canal, with or without dehiscences Vail 15 expressed 
the opinion, based on furthei anatomic study, that sphenopalatine and 
vidian neuralgias aie leally the same syndrome, that the vidian nerve 
rather than the sphenopalatine ganglion should be consideied as the 
etiologic basis and that the neuralgia is i eally due to in itation or inflam- 
mation of the vidian nerve in the vidian canal and is always secondary 
to latent or frank infection in the sphenoid sinus He said that proper 
tieatment should be directed toward the disease in the sphenoid sinus 

This syndrome m every way represents the clinical picture of certain 
neuralgias The fact that this entire pain pictuie is not always produced 
by the inflammations descnbed by Sludei and Vail and that procedures 
directed toward the sphenopalatine ganglion or toward the sphenoid 
sinus do not relieve patients with this synch ome is sufficient reason for 
the assumption that other and vaiied causes may pioduce a similar 
clinical picture This is further justified by the fact that a number of 
the patients in this series with so-called atypical neuralgia weie referred 
to Sluder himself and ran the gamut of operative procedures duected 
towaid the sphenopalatine ganglion and the sphenoid sinuses without 
relief of pain It is true that a great number of patients with atypical 
neuralgia can be leheved of pam by such operations, and m my own 
expei lence this is particularly true of the patients tieated m the acute 
stages To attribute all pam of this type to either sphenopalatine or 
vidian neuialgia, however, would confine theiapeutics to too nairow a 
field and result in innumerable failuies, as I have indicated in my 
pievious reviews on this subject Foi this reason it is preferable to 
look on this unusual syndrome as a type of atypical neuralgia, and 
should operative therapy directed toward the sphenopalatine ganglion 
and sphenoid sinuses fail, attention should be directed to the other 
methods available It is advisable to be ulti aconservative in the use of 
more radical surgical measures, particularly those directed to the sinuses, 
because of the great number of failuies that result from such pro- 
ceduies Only m those cases in which clearcut sinusitis exists should 
operation be considered In my own series, 8 such patients were 
relieved by repeated cocamization of the sphenopalatine ganglion plus 
the use of mild sedatives and occasional supplementation with tnchloro- 
ethylene 

Postherpetic Tngemmal Neuralgia — Herpes referred to the various 
divisions of the trigeminal nerve, particularly the ophthalmic poition, is 

15 Vail, H H Vidian Neuralgia from the Disease of the Sphenoidal Sinus 
Report of a Case, Arch Surg 18 1247 (April) 1929, Vidian Neuralgia, Ann Otol , 
Rhm & Laryng 41 837 (Sept) 1932, Vidian Neuralgia, with Special Reference 
to Eye and Orbital Pain in Suppuration of the Petrous Apex, Arch Otolaryng 17 
212 (Feb) 1933, Pathways of Reflex Pain m Vidian Neuralgia, ibid 21 2 77 
(March) 1935 
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associated with severe, sharp pains of a continuous nature during the 
acute stage Occasionally, however, the chaiacter of this pain changes 
as the heipetic lesions subside and resembles that of atypical neuralgia 
This pain may continue for yeais, and ordinary methods for its relief may 
prove futile In spite of the fact that the pain continues indefinitely and 
that the patients complain lather persistently of the continuous pain, 
they, like the patients having other kinds of atypical neuralgia, show no 
signs of pain on examination, as indicated by their facial expiessions 
The 4 patients who came under my obseivation had pam leferable to the 
ophthalmic division, and all of them were extremely hesitant even to have 
neive block performed when absolute assurance of cuie could not be 
given This fact makes one wondei whether the pam is actually as seveie 
as these persons wish one to believe In all cases the scars of the pre- 
vious vesicles still remained The fact that the patients complained of 
a continuous pam which m eveiy way simulated atypical neuralgia 
pi opei is sufficient indication of its oiganic character in some cases 
Thalhimer 10 described perivascular mfiltiations m the pons extending 
upwaid to the internal capsule in a case of ceivical heipes zoster Peet of 
said that such a lesion might furnish the satisfactoiy explanation for 
the persistence of pam after section of the sensory root, especially if the 
lesion was located in the trigeminal poition of the thalamus Thus, one 
would have an explanation of this pam on the basis of cential pam, 
which again would complicate the picture of so-called atypical neuralgia 
Relief was obtained by Hains 17 after injection of alcohol in the gas- 
senan ganglion Peet obtained only questionable relief m 2 cases by 
section of the sensory root Tieatment of the autonomic system will, 
without doubt, eventually offer some means of relief 

“Tngemmal Ghosts ” — To neuiosurgeons who have perfoimed any 
great number of operations on the trigeminal tract the occuirence of a 
chaiacteristic atypical pam of an extremely severe and practically con- 
tinuous nature is not new Fortunately, this annoying, irritating pam 
is extremely rare Cobb and Mixter, 8 " Frazier and Russell, 0 Harris and 
I have descnbed this pam Cobb and Mixter reported 3 cases of lingual 
spasm following the advent of the atypical neuralgia The spasm was 
always on the side of operation and usually came on with fatigue, as in 
prolonged speaking, oi with local nutation to the tongue during eating 
The lingual spasm was relieved by resection of the lingual nerve through 
the mouth In this particular instance the spasm was associated with 
vasodilatation of one half of the tongue Cobb and Mixter stated the 

16 Thalhimer, W Herpes Zoster Central Nervous System Lesions Similar to 
Those of Epidemic (Lethargic) Encephalitis Report of a Case, Arch Neurol 
& Psychiat 12 73 (July ) 1924 

17 Harris, W The Facial Neuralgias, London, Oxford Medical Publications 
1937 
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belief that neive impulses persisted thiough the autonomic bianch from 
the geniculate ganglion of the facial nerve The spasm may be relieved 
by cutting the chorda tympam fibers m the lingual neive Hams, 
McLean 18 and Flothow and Smith 19 reported some success m reliev- 
ing this pam by piocedures on the stellate ganglion Three patients m 
my series had pam of this type One ran the gamut of medical treat- 
ments and injections without recoveiy fiom pam The othei was 
leheved to a gieat degree by acetylcholine The thud patient had a 
subtotal root resection Atypical pains with some tugeminal character- 
istics developed deep m the eye and ovei the fiist division of the fifth 
neive A penpheial neurectomy was pei formed on the first division, 
producing some relief in the lancinating charactei of the pain The 
patient then gamed relief from this deep-seated, burning pam by the 
instillation of cocaine into the eye for about four months, by the instilla- 
tion of atropine into the eye foi three months and by the inhalation of 
amyl nitrite for an additional thiee months Because he complained 
bitterly of pam m his eye, particulaily in bright lights, he was given daik 
glasses, which leheved him somewhat It was then decided to tiy the 
effect of suturing his eyelids together This has leheved the deep pam 
in the eyeball foi a further penod of two months 

Synch ome Due to Abnormalities of the Mandibular Joint — Mal- 
occludmg ongmal teeth, lack of molar teeth on one side or badly fitting 
dental plates, permitting overclosuie, result in anatomic changes which 
produce this syndiome These anatomic changes cause erosion of the 
bone eithei of the glenoid oi of the mandibular fossa, with impaction of 
the condyles agams the thin bone separating them from the dura These 
condyles then move backward or mesially m conti ollable movements and, 
according to Costen, irritate the aunculotempoial neive Incidentally, 
they also mutate the chorda tympam neive The syndiome consists of 
atypical headaches, mild catarrhal deafness, occasional dizzy spells, 
glossodyma and occasional heipes 

The tieatment consists of leposition of the jaws by slowly increasing 
the vertical dimension of the jaw The interposition of a disk between 
the molar teeth helps to verify the diagnosis, and the problem then 
becomes one of conservative or radical surgical measures Two patients 
in my series weie not relieved by this method, but they refused oral 
suigical treatment 

18 McLean, A J Intractable Facial Pain Relief by Deep Injections of 
Alcohol, Northwest Med 32 16 (Jan ) 1933 

19 Flothow, P G, and Swift, G W Surgery of Sympathetic Nervous 
System Review of One Hundred Sympathetic Ganglionectomies, Am J Surg 
21 345 (Sept) 1933 Flothow, P G Injection of Sympathetic Nervous S\stem, 
California & West Med 44 182 (March) 1936, personal communication to the 
author, 1938 
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Autonoimc Faciocephalalgia — From the group uith atypical neu- 
lalgia of this kind Buckner and Riley 0u selected 3 patients who weie 
amenable to treatment with eigotamme tartrate and with epinephrine 
They pointed out the confusion of nomenclature between cases of atypical 
migiaine and those of atypical neuralgia Vallery-Radot and Blam- 
outiei - >0 repoited a case m which a similai type of pam was leheved by 
the use of epinephrine One cubic centimeter of epmephnne injected 
subcutaneously abolished all the pam withm fifteen minutes, and it did 
not leappear until fouiteen hours later A gargle of 20 diops of a 
1 1,000 solution of epmephnne in 2 teaspoonfuls of watei gave mild 
lehef of symptoms Twenty subcutaneous injections of 1 cc of a 
1 1,000 solution of epmephnne given over a penod of se\en weeks 
abolished the symptoms These authois expiessed the opinion that 
lepeatedly induced constriction abolished the headache, which was 
dependent on vasodilatation and that such a headache was m conti ast to 
that of nugiame, which they believed was the result of vasoconsti iction 

Basing then conclusion on these 4 cases, Bncknei and Riley advanced 
the opinion that theie aie two types of headaches one influenced by 
epinephrine (and piesumably due to localized sympathetic hypofunction) 
and the other influenced by the supposed antagonist of epmephnne, 
eigotamme taitiate (and piesumably dependent on localized sympathetic 
hypei function) 

My own expeiience venfies this opinion of Buckner and Riley 
Under my obseivation, 4 patients have been relieved by eigotamme 
taitrate, and 1 whose condition was classified as a “trigeminal ghost” was 
leheved tempoianly by amyl nitnte It is my opinion that patients 
having atypical neuralgia should be tieated with the various vasocon- 
sti ictoi and vasodilatoi diugs to determine whether then condition can 
be differentiated fiom the mam gioup of atypical neuralgias 

Valleiy-Radot and Blamoutiei found that by immeismg the hands 
of ceitam migiamous patients in ice watei and by applying ice to the 
fiont of the head attacks of migraine could be induced In my own 
expeiience, I have had under observation a numbei of patients whose 
attacks of migiame could be abolished foi several hours by the application 
of ethyl chlonde to the aiea of pam As the area became frozen the 
pain wandeied lateially to the panetal legion and then disappeared 

Painful Convulsive Tic — The existence of the syndrome of atypical 
neuialgia with facial spasms could be differentiated from the usual 

20 Vallerv-Radot, P , and Blamoutier, P Syndrome de vasodilatation 
hemicephaliquc d’origme sympathique, Bull et mem Soc med d hop de Paris 
49 1488 (No\ 27) 1925 
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vanety This affliction is uncommon and few cases have been lepoited 
in the hteiatuie Cushing 3 described 3 cases of his own and made note 
of an additional case supplied by a surgeon m Philadelphia The disease 
in these cases closely simulated trigeminal neuralgia The spasms were 
extremely severe and were associated with considerable pain In 3 cases 
operation on the gasserian ganglion and the facial neive failed to lelieve 
the pam In a fourth case the patient was relieved by spmofacial anasto- 
mosis Harns 9y relieved a patient with this condition by injection of 
alcohol into the gasserian ganglion 

In the piesent senes 1 patient with this syndrome has been encoun- 
teied This man had continuous pam of the atypical vanety, associated 



Fig 2 — Facial expression during an attack of facial spasm associated with 
severe facial pain 

with facial tic The pam was extreme, with exacerbations dunng the 
spasm He had several badly infected teeth, which were removed He 
was placed under treatment with mild sedatives and inhalation of ampules 
of tnchloroethylene thiee times a day, and was told to piactice the conti ol 
of his facial tic before a mirror Within a week the spasms had gieatly 
subsided, and the atypical neuralgia had improved about 85 per cent The 
patient was an active, stern, stable person, who continued his work in 
spite of his discomfoi t Aftei relief of symptoms foi about three months, 
he became worned because of marital difficulties Immediately his pam 
increased and his spasms were more fiequent, but they were again 
lelieved by mci easing doses of sedatives (fig 2) 
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Headache Due to Hypertonicity of Muscles of the Neck — Pentz ,- 1 
Halle 22 and Mithoefer 23 have called attention to a headache secondary 
to hypei tonicity of muscles of the neck They stated the belief that the 
hypei tonicity is due to such abnormalities as dysfunction of the endo- 
crine system and arthritis Vanous authois have described this pain as 
myalgia, indurated headache, nodulai headache, musculai headache and 
muscular rheumatism These headaches simulate either the chiomc 01 
the intermittent type of atypical neuralgia proper and may be associated 
with vertigo, vomiting and eaiache The muscles of the neck aie hard 
and hypei tome, occasionally they may be induiated The sterno- 
clavicular and acromioclavicular joints and the cervical veitebiae may 
be the source of arthritis The muscles that become involved aie the 
sternocleidomastoid, the trapezius and the splemus capitis Fiequently 
local pam exists over the sternoclavicular joint and the sternocleido- 
mastoid attachment, as well as o\er the superior oblique and the tempoial 
muscle The occipital nerve may be tendei , the tactile sense becomes 
much exaggeiated, and the muscles themselves may feel thicker than 
noi mal Massage of these muscles, on an aveiage of thice tunes a 
week, is extremely beneficial For chronic sufferers, when the acute 
pam has subsided, massage every two weeks for a year is indicated 
Exercise, removal of the foci of infection, use of infia-red light and 
administration of sedatives are also of value 

Senile Newalgia — Oppenhcim 2 discussed a case of senile neuialgia 
in which the pam, he concluded, was due to osseous changes m the 
edentulous jaw, causing compression of the neive endings Whethei 
or not this explanation is correct, lesection of the alveolus does not 
always cure the pam Glossodynia, anothei name used by Oppenheim, 
suggests a similar condition in the tongue There is a burning, pudding 
sensation of the tongue, unilateral or bilateial, with oi without a pro- 
nounced fear of cancer Usually this disease occurs m elderly women 
Whether the sensation is the lesult of the fear or whethei the fear is 
secondary to the sensation is hard to determine It is moie likely that 
the sensation comes first and that its interpretation by the patient as an 
early sign of malignant disease is secondaiy As to the cause of these 
unpleasant sensations in senile peisons there is room for much specula- 
tion, ceitamly one should interpret them in terms of the mental and 
physical state of the patient Arterioscleiosis and vascular insufficiency 
affecting the neive endings seem the most plausible cause, the lesion, 

21 Pentz, G Neuralgie, Myalgie, Berl klm Wchnschr 44 952, 1907 

22 Halle Die Bedeutung der Myalgien fur Diagnostik und Therapie m der 
Rhino-Otologic, Verhandl d Gesellsch deutsch Hals- u Nasen- u Olirenarzte 
1921, p 423 

23 Mithoefer, W Hypertonic Muscles of the Neck as a Cause of Headache, 
Ann Otol , Rhin & Laryng 43 67 (March) 1934 
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howevei, may be highei in the biam stem, 01 the symptoms may be the 
fiist sign of piogressive mental detenoration The same types of sensa- 
tion aie felt in othei parts of the bod), notably in the extremities of 
aitenoscleiotic patients Oppenhenn described a case of senile neuritis 
with definite signs of impairment of function of the penpheial nerves, 
in such a case the lesion is supposed to be thickening and obstruction 
of the vasa nervoium with overgrowth of the connective tissue of 
the neives 

ATYPICAL NEURALGIA PRODUCED BY SYSTEMIC DISEASES 

AUcigy — Alleigic headaches, classified by many as true migraine, 
closely simulate in many instances the pains of atypical neuralgia That 
allergy can cause these pains is an established fact In my own 
expei lence, I have known 2 patients with tiue at)pical neuralgia to be 
leheved of their symptoms when they lef rained fiom eating the foods 
to which they weie sensitive (Rowe,-’ 4 Bal)eat and Bnttain, 25 
Vaughan 2(5 ) 

Endocnne Disturbance — Rile), 27 m a review of migraine, and 
Glass 2S leported success in the tieatment of headache with endocnne 
piepaiations Then patients revealed an abnormal latio of estiogenic 
and gonadotropic substances as measuied by then excretion in the unne 
Case histones showed that the seizuie was preceded by an increased 
output of gonadotropic substance, and the observeis vere actually able 
to induce headaches in these women by the injection of gonadotropic 
substance Glass, m the study of 10 cases, showed a reveisal of the 
noimal latio in the dnection of increased output of gonadotiopic sub- 
stance and deci eased output of estrogen Estiogenic therapy suppiessed 
the output of the gonadotropic substance, producing lelief of symptoms 
m 80 pei cent of the cases In the other cases, admimsti ation of gonado- 
tiopic substance eithei gave no lelief or intensified the symptoms 

Psych on cm osis — Most of the patients with atypical neuralgia have 
a definite associated neuiosis In the majority of cases this neurosis is 
caused by persistence of the pain This continuous gnawing, exasper- 
ating pam is sufficient to bring about nervous manifestations For this 
leason, it has always been helpful to administer sedatives and to have 
the patients lemain occupied and take a certain amount of physical 

24 Rowe, A H Food Allergy Its Manifestations, Diagnosis and Treatment, 
I A M A 91 1623 (Nov 24) 1928 

25 Bah eat, R M, and Brittain, F L Allergic Migraine, Am J M Sc 
180 212 (Aug) 1930 

26 Vaughan, W T An Analysis of the Allergic Factor in Recurrent 
Paroxysmal Headaches, J Allergy 6 365 (May) 1935 

27 Rileys, H A Migraine, Bull Neurol Inst New York 2 429 (Nov ) 1932 

28 Glass, S J Migraine and Ovarian Deficiency, Endocrinology 20 333 
(Ma\ ) 1936 
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exeicise Hcnvevei, theie is no question that in some cases a tiue 
psychoneuiosis exists which accounts for the entue pictuie The patients 
have as a lule a vanable form of atypical neuralgia, for they seem never 
to tell the same stoiy A psychiatnc study of these patients always 
leveals definite leasons foi their geneialized nervous manifestations 
Their condition differs distinctly fiom the atypical neuialgia with a 
secondaiy neuiosis, and their pam should not be confused with the 
neurotic manifestations of patients with secondaiy neuroses Oppen- 
heim called attention to pains and unpleasant sensations m the jaws or 
the tongue of eldeily peisons as an eaily sign of a senile psychosis with 
somatic delusions In such cases piofound depiession fiequently 
develops, and these somatic delusions may be mismterpieted as atypical 
neuralgia before the delusional state becomes manifest 

ATYPICAL FACIAL NEURALGIA DUE TO LESIONS OT TIIE HEAD, CPILST 

AND ABDOMEN 

White , 29 in a personal communication, wiote of a patient who had 
pieviously been lelieved of atypical neuialgia by sympathectomy The 
pam had 1 earned and was again lelieved by the lemoval by Penfield of 
a calcified ceiebial mass Refi active euois and infections of the eye 
may occasionally pioduce the pictuie of atypical neuialgia Thiee such 
cases occuired m my senes Involvement of the mastoid and thiombosis 
of the lateial 01 the cavernous sinus may also produce this chaiacteustic 
pam Thiee such cases came undei my observation Deep-seated infec- 
tions of the face may also give a smnlai picture This occuned in 2 
cases Little difficulty should be entailed in making the diagnosis of 
this kind of neuialgia The pam is usually acute and not of long stand- 
ing, the tempeiatuie is high, and evidence of the associated disease is 
clear In cases of deep-seated facial abscess, howevei, the pam may 
peisist from foui to seven days before evidence of local infection 
piesents itself 

Dental sepsis occasionally pioduces the same picture Six cases m 
my senes lepiesented this type of oiigm One must be exceedingly 
cautious, howevei, m deciding on dental involvement as the cause of the 
pam As I have pieviously stated, too many teeth have been lemoved 
uselessly, without lehef of pam, and only m those cases in which one 
is certain of the piesence of ill fitting budges, tight fillings 01 abscessed 
teeth should one consider the exti action of teeth 01 the lemoval of 
bridges In 1 patient the nasal septum was maikedly deviated, and a 
spin was situated m the sphenopalatine legion Straightening of the 
septum and lemoval of the spui lelieved the patient of pain 

29 White, J Personal communications to the author, 1938 
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In a number of cases thoracic and abdominal, as well as pelvic, lesions 
were responsible for neuralgia Lapmsky, 30 Fay 0b (1932) and Pot- 
tengei 31 have called attention to this syndrome 

PHYSIOLOGY 

The pam of atypical neuralgia and that of migiaine have many 
similai chaiacteristics In each the pam is not of the acute type asso- 
ciated with neuralgias of the peripheial neives, such as trigeminal and 
glossophaiyngeal neuialgia, but is more like the pam associated with 
vascular disease It is a burning, pressing, aching, annoying, discom- 
forting pam That the blood vessels are sensitive to pam is a well 
known fact based on clinical and experimental studies The distnbution 
of atypical neuralgia is not identical with that of an)?- cranial nerve or 
of any combination of nerves, but does follow to a certain degree the 
couise of the vasculature of the head (see fig 1) The blood vessels, 
without doubt, act as conduits by which sensory neives are carried to 
the vanous paits All these nerves piobably include affeient components 
of ceiebiospinal nerves 

Mooie, Moore and Singleton 32 have demonstiated the chemical 
stimulation of neive endings for pam in small blood vessels, while the 
sensitivity of blood vessels has been leviewed in detail by Kuntz 33 and 
the innervation of the blood vessels has been adequately discussed by 
Woollard 34 

The afferent impulses of pam originate in the walls of blood vessels, 
and nonencapsulated sensory endings are known to occur m the 
adventitia Spiegel and Wassermann observed that slight distention 
of the ascending aorta elicited pam, while Odermatt demonstrated that 
pam may be elicited by the distention of arteries of any caliber Bazett 
and McGlone 35 showed that simple puncture of the wall of an artery 
is veiy painful They personally have informed me that such pam 
closely simulated that of atypical neuralgia and was of a dull, aching, 

30 Lapmsky, M Visceral bedingte Genicksteifigkeit und Gleichgewichts- 
storung, Med Welt 1 1306 (Oct ) 1927 

31 Pottenger, F M Disturbances in the Vegetative System in Diseases of 
the Lungs and Visceral Pleura, A Research Nerv & Ment Dis , Proc 9 587, 1930 

32 Moore, R M , Moore, R E , and Singleton, A O , Jr Experiments on 
the Chemical Stimulation of Pain-Endings Associated with Small Blood-Vessels, 
Am J Physiol 107 594 (March) 1934 

33 Kuntz, A Autonomic Nervous System, ed 2, Philadelphia, Lea & Febiger, 
1937, p 145 

34 Woollard, H H The Innervation of Blood Vessels, Heart 13 319 (Dec) 
1926 

35 Bazett, H C, and McGlone, B Note on the Pain Sensations Which 
Accompanj Deep Punctures, Brain 51 18 (March) 1928 
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unbearable quality, fiequently accompanied by sweating, sensation of 
waimth or cold, faintness or even loss of consciousness Introduction 
of barium chloride and vanous manipulations of the blood vessels pro- 
duced pam Clinical conditions of the arteries, such as ischemia, 
Raynaud’s disease, angina pectons and embolism, give furthei proof that 
the arteries aie sensitive to pam It has long been known among neuio- 
surgeons that m an operation with local anesthesia piessuie on the 
middle meningeal artery produces pam 

Penfield 30 has demonstrated that the dural sinuses aie sensitive to 
piessure, traction, heat and electrical stimulation Pull exerted on the 
falx and tentorium produced pam, but Penfield said he believed that 
this pam was secondary to sinusal response A cicatrix was generally 
associated with great increase in sensitivity of the adjacent dura The 
cerebial veins were usually not sensitive, though the large vein of the 
sylvian fissure occasionally was sensitive to electncal stimulation, this 
sensitivity, however, could be due to escape of cui lent to the larger 
arteries of the fissure The large cerebral veins weie also sensitive at 
times Pacchionian granulations were sensitive, and electrical stimula- 
tion of the middle cerebral artery produced pam The dui a was sensitive 
only over the middle meningeal vessel The pam from the ceiebral 
vessels was lef erred about the temples and the head and deep into the 
eye, but not to the face, and was of the nature of pressure 01 of sharp 
pam 

Franklin, 37 in his monogiaph on veins, furthei indicated the sen- 
sitivity of the veins and called attention to the fact that Goobler, in 
1894, noted that a peculiar sensation arose during conti action m response 
to mechanical stimulation of the veins on the dorsum of the hand The 
probable pathways of the afferent impulses of the veins are through the 
vagus neive 

All these facts point not only to the vascular origin of these peculiar 
pains but also to the difficulties of intercepting then aie Chorobslci 
and Penfield 38 noted that complete removal of all the sympathetic nerve 
fibers which entei the cranial cavity on the carotid and the vertebral 
artenes does not appreciably l educe the number of normal intracranial 
perivascular neive fibers The authors stated that occasional blanches 
to the pia from other cranial nerves need further investigation, and it 
became evident to them that denervation of cerebral blood vessels is 

36 Penfield, W A Contribution to the Mechanism of Intracranial Pam, 
A Research Nerv & Ment Dis , Proc 15 399, 1934 

37 Franklin, K J A Monograph on Veins, Springfield, 111, Charles C 
Thomas, Publisher, 1937 

38 Chorobski, J , and Penfield, W Cerebral Vasodilator Nerves and Their 
Pathway from the Medulla Oblongata, with Observations on the Pial and Intra- 
cerebral Vascular Plexus, Arch Neurol & Psychiat 28 1257 (Dec ) 1932 
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without doubt a suigical impossibility They suggested that the para- 
sympathetic pathway is mteirupted by synapses, with scatteied ganglion 
cells, just befoie leaching the internal carotid ai teiy, and that the 
cervical poi tion of the sympathetic chain, which has been thought to have 
its postganglionic stations m the supenoi cervical sympathetic ganglion, 
may also be mteriupted by the scatteied ganglion cells along the couise 
of the internal carotid and cerebial arteries 

The means of conduction of pain of atypical neuialgia is still a 
mattei of some doubt In all likelihood the atypical neuralgias lepie- 
sent numeious types of production of pain There is no question that 
this pam is earned over the carotid and veitebial aitenes, as well as 
ovei the vertebral veins and the blanches of the jugular vein and the 
dural sinuses It is even possible to considei some of these types of 
pam as of cential origin 

Tangle}' and Gaskell concluded that the s\ mpathetic system is a 
puiely motoi system and that the sympathetic neives cany no sensoiy 
fibeis of then own Stohr’s conception that the nonni) ehnated fibers 
are functionally the same as the myelinated fibeis finds confirmation m 
the expei imental work of Allen, and also in that of Windle, who found 
that the pam tiacts for the teeth aie f mined paitly of nonm\ ehnated 
and pooily myelinated fibers Moiphologically, it is definitely established 
that the rami commumcantes contain myelinated and nonmyelinated 
fibeis which go through the anterior and postenoi loots of the 
ganghonated cold The number of myelinated fibeis a nene possesses 
is no indication of whether it belongs to the sympathetic 01 to the 
cerebrospinal system Sensoiy fibeis must also be piesent in the 1 ami 
commumcantes since sensoiy endings aie piesent m the area of distribu- 
tion of the sympathetic system, and since after section of an aiea of 
the sympathetic system tigrolysis is obseived m cells of the associated 
spinal ganglion 

Helson , 39 who stated a firm belief that the affeient fibeis actuall) 
aie part of the sympathetic system, gave the following leasons to support 
his view 

Although I should not want to negate the possibility that contraction or 
dilatation of the blood vessels stimulates somatic nerve receptors in the blood vessels, 
it seems to me probable that the autonomic nervous system has afferent fibers truly 
belonging to it It may be only a matter of definition, but definitions are extremely 
important The article by Foerster and his colleagues referred to in mv study 
with Frazier cites much evidence in support of autonomic afferent fibers, and 
there are many other articles in which the same position is taken One German 
writer asserted that all pam is mediated bv the autonomic nervous si stem, an 

39 Helson, H Personal communication to the author, Sept 7, 1938, The 
Part Played bv the Sympathetic System as an Afferent Mechanism in the Region 
of the Trigeminus, Brain 55 114 (March) 1932 
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extreme position I should not take Ranson, several years ago, mapped the number 
of spots for pressure, pam, warmth and cold sensation on several parts of the 
body and then counted the number of fibers in the area He found enough large 
fibers (8 to 16 microns) to account for pressure sense, enough medium fibeis 
(5 to 8 microns) foi temperature sense, but not enough small fibers (1 to 5 
microns) for pain sense, unless he included the unmyelinated fibers (under 1 
micron), in which case he had just enough Now the usual assumption is that the 
unmyelinated fibers in any peripheral bundle belong to the autonomic nervous 
system, the post ganglionic fibers of which are unmyelinated The longer latent 
period and the slower arousal of pain sensation argue for fibers of slow con- 
duction (hence of small diameter) Perhaps the solution simply requires histologic 
examination to determine the cells of origin of these smallest, unmyelinated fibers 
Recent experimental work on antidromic impulses and the newer views of synaptic 
action make it seem less improbable that the autonomic nervous system is afferent 
as well as efferent Recent emphasis on the thalamus as both the seat of emotions 
and an autonomic center also lends support to this view In any case, I believe 
that the peripheral afferent system masks the autonomic afferent system in the 
noimal, intact organism and so the latter system does not normally function 
primarily as an afferent conductor Evidence from the chronaxias of normal 
versus deafferented skin supports this theory 

Helson stated he would gladly tevise his opinion if furthei evidence 
weie available This view of Helson’s, however, is not shaied by the 
majonty of clinicians and is not m accoid with accepted opinions 
It is also believed that the sensoiy neuion actually conducts the 
pain sense, but luns within the sympathetic tiunk Induectly the sym- 
pathetic system may be lesponsible for the pam when, by means of 
vasoconsti iction, a metabolite is pioduced which causes painful stim- 
ulation of the cutaneous sensoiy neive Refeiied pam, accoiding to 
the McKenzie-Ross theoiy, may also be a causative factor Some form 
of sensation, not tiue pam, tiavels up the splanchnic and other visceial 
neives as fai as the postenoi horn Theie the bombaidment of the 
visceial impulses sets up an lintable focus The threshold for the 
somatic impulses, which aie constantly entenng the same segment from 
the penpheiy of the body, is diminished The neive cells act according 
to then function When such stimuli fiom the splanchnic nerves 
and f lom othei visceial neives bombaid these cells, pam consequently 
anses and is lefeiied to the penpheral distnbution of the nerve stim- 
ulated Sweating, goose flesh and other manifestations must be due 
to leflexes tlnough arcs made up of visceial afferent and visceial 
effeient chains 

Consideiable study has been earned out m older to determine the 
pathways by which atypical neuialgic pains tiavel If these pathways 
could be accui ately located, the pioblem of atypical neuralgia would 
be solved because interception of these pathways by surgical measures 
would lelieve the pam in the same mannei as section of the sensory 
loot relieves tiigenunal neuialgia Unfoitunately, the pathways foi 
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paras of atypical neuialgia aie not as simple as those of tngemmal 
neuralgia, and the operations which would necessarily mteirupt them 
would have to be unusually extensive , even then, the patient would not 
be assured of entire relief 

Fay 9b (1932), aftei reviewing the vanous combinations of sensoiy, 
sympathetic, vagal and vasculai nerve sheath resections and analyzing 
the results (assisted by a piocess of negative elimination), indicated 
the existence of three distinct mechanisms for pam transmission m the 
structure of the head, face and neck (1) the trigeminal and ceivical 
branches for superficial pam, (2) the sensoiy branches and connections 
of the vagus neive for deep pam, and (3) along the arteiial tree 
through the carotid sheath to the ceiwcal and thoracic portions of the 
cord for tenderness and deep pam Fay’s opinion was confirmed by 
Kuntz 40 as the result of experimental anatomic studies on cats Kuntz 
stated that after degeneration of the divided nerve fibeis had taken 
place aftei extirpation of the superior cervical sympathetic and nodose 
ganglions in his experiments, sections tluough the common internal 
and external carotid artenes and the neives closely associated with 
them still revealed intact neive fibers Marchi preparations of the 
common and internal carotid arteries made aftei section of the loots 
of the upper four thoracic nerves just distal to the spinal ganglions 
revealed degenerated myelinated fibers in considerable numbers On 
the basis of these obseivations, he said, it is evident that afferent 
components of the upper thoracic neives join the plexus on the common 
carotid artery and extend cephalad along the intei nal and probably 
also along the external carotid arteiy The presence of myelin degen- 
eration in Marchi preparations of the nasal and nasociliary nerves after 
section of the roots of the uppei four thoracic nerves (Christensen 
1934) indicates that some of the afferent components of the thoracic 
nerves which extend into the cephalic legion reach the oibit and the 
nasal mucosa After degeneration of the divided fibers following 
extirpation of the entire cervical sympathetic trunk, including the 
superioi cervical ganglion, but with the vagus nerve left intact, sections 
of the internal and external carotid aiteries and the nerves associated 
with them revealed numerous intact fibers obviously of vagus origin 
These fibers probably were affeient components of the vagus with their 
cells of origin in the nodose ganglion The afferent spinal nerve 
components, which extend into the cephalic region, probably aie not 
primarily pam-conductmg fibeis Those which undeiwent myelin degen- 

40 Kuntz, A Pathways Invohecl in Pams of Nasal and Paranasal Origin, 
Referred to the Lower Cervical and Upper Thoracic Segments and the Upper 
Extremity, Ann Otol , Rhin & Laryng 45 394 (June) 1936, Nene Fibers of 
Spinal and Vagus Origin Associated with Cephalic Sympathetic Nerves, ibid 
43 SO (March) 1934 
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eration m the plexuses on the common and internal caiotid aitenes aftei 
section of the nerve loots, as observed m the Mai chi prepaiations, were 
mainly fibeis of largei caliber than the spinal neive fibeis which aie 
known to mediate pain Mild electrical stimulation of the plexus on 
the common caiotid aiteiy expen men tally did not elicit pain reactions, 
but resulted in reflex responses in the lower ceivical and uppei thoiacic 
segments and particularly in the forelimb The vagus components 
which join the plexuses m the internal and external caiotid artenes are 
mainly fibers of small calibei, many of which aie eithei unmyelinated 
or only thinly myelinated Many of these piobably aie fibers which 
normally mediate pam The existence of affei ent fibeis of spinal nerve 
origin along the caiotid arteries has been verified by Lai sell 

Davis and Pollock, 41 on the basis of expei miental work, demon- 
strated that stimulation of the superioi ceivical sympathetic ganglion 
produced an effect that was earned by way of the postganglionic effer- 
ent fibers to the structuies mneivated by the sympathetic fibers These 
effeient impulses then produced on the skm and othei stiuctures an 
effect the exact natuie of which they weie unable to state They 
expressed the belief that the effect was linked with the sympathetic 
innervation of the blood vessels and that a metabolite was liberated 
which stimulates the oidinaiy sensoiy neive endings of the fifth neive 
These impulses weie then tiansmitted centially and weie recognized 
as pam The pait that the afferent impulses thiough autonomic nerves 
play in the pioduction of pam must still be legarded as pioblematic 
Kuntz asseited that it is no longer necessary to assume afferent con- 
duction m autonomic fibers In all the conditions lefened to m this 
paper afferent fibeis are available One cannot deny the painful char- 
acter of aitenal spasm, but expei miental studies show that it must 
be discounted On the othei hand, clinical data indicate that vasomotor 
phenomena which weie associated with atypical neuialgia m this series 
of cases and in the cases reported by Brickner and Riley weie relieved 
by medication dnected towaid the autonomic system In 50 pei cent 
of the cases reported by Beeiman and me, theie were sympathetic 
phenomena The problem is still one to be solved, and as experimental 
work is furthei earned out its clinical application to atypical neuralgia 
will without doubt eventually bring about the lehef of the pam 

TREATMENT 

In the treatment of atypical neuralgia, ever) effoit should be made 
to eliminate the secondary factors which may bung about the pam In 
cases in which the pam has been present for a shoit time the results 

41 Davis, L , and Pollock, L J The Role of the S'! mpathetic System in the 
Production of Pain in the Head, Arch Neurol <S_ Psvchiat 27 282 (Feb ) 1932 
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of tieatment aie fai better than m those m which the pain has peisistecl 
over a long penod In cases of the eaily foim the cause is usually 
established Theiapy should be ultiaconservative, particulaily m 
regard to suigical measures, foi in many cases the condition is made 
worse rathei than improved if the wrong opeiative piocedures are cai- 
ried out 

In dealing with cases of primary atypical neuralgia foi which one 
has been unable to find a definite cause, treatment must be directed 
eithei by medical 01 by surgical methods toward the nerves responsible 
foi the pam Many of the patients have an associated psychoneurosis 
which is brought on by the persistent and nagging character of the 
pam Occasionally, howevei, one does find patients whose psychoneu- 
iosis is the causative factoi, but in the series under my observation 
there weie only a few such persons In such instances the tieatment 
must be directed towaid the existing neurosis It is appaient that 
some of these patients have a very low thieshold foi pam, so that 
they greatly magnify the pam they have The medical treatment con- 
sists of the use of the choline compounds Simonait 42 concluded 

Of all the compounds investigated the acetyl ester of /3-methyl choline appears 
actually to offer the greatest possibility of clinical usefulness, since it is approxi- 
mately as potent as acetyl choline in lowering blood pressure when given intra- 
venously, it has no demonstrable nicotinic action on the circulation, and it is so 
much more stable than acetyl choline that it is effectively absorbed from the 
intestinal tract and is much more potent than acetyl choline when injected sub- 
cutaneously 

Two of my patients have been lelieved by acetylbetamethylchohne 
one, a woman who became addicted to narcotics because of this pam, 
has been relieved foi seven yeais, the othei, foi two years McLean 4 '' 
leported 2 cases in which relief was obtained by acetylbetamethylchohne 
chloride (mecholyl) In addition to administration of the choline com- 
pound, therapeutic attempts should be dnected to the use of othei 
drugs which stimulate the paiasympathetic and the sympathetic sys- 
tem, such as epinephrine, ergotoxine, amyl mtiite, physostigmme and 
atropine One of my patients, with a "trigeminal ghost” m the eye 
m which the pam was definitely localized, received relief from the pam 
foi several months by instillation of atropine into the eye Foui of 
my patients weie lelieved by the inhalation of trichloioethylene 
Abbott 44 leported the lelief of 10 patients by such inhalations 

42 Simonart, A On the Action of Certain Derivatives of Choline, J Pharma- 
col & Exper Therap 46 157, 1932 

43 McLean, A. J Personal communication to the author 

44 Abbott, W D Personal communication to the author 
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Fay 4D stated that he obtained lelief by a full couise of applications 
of heat to the base of the neck 

Finchei,°° in discussing Wilson’s papei, told of the woik of Di 
J D Thomson, who pioduced lelief in cases of atypical neuialgia 

Using a solution of magnesium sulphate and magnesium borate, in glycerin, 
he places a small tampon m the auditory canal down against the drum membrane 
Over 50 per cent of his results have been noted m three or four hours afterward 
Some of these patients have gone as long as five to six months before it was 
necessary to change the tampon He has followed these cases for several years, 
without recording his results 

Flothow 40 stated he was not able to tell whethei the injection actu- 
ally gives lelief oi whethei the lelief is due to a psychic effect Nevei- 
theless, he has had some success with this method in 4 cases In all 
his cases the pain was not continuous, but intei nnttent The middle 
and inferior ceivical ganglions and the fiist and second thoracic gan- 
glions were lemoved In 1 case the pam was relieved foi a long time 
In 2 othei cases theie was associated tic douloureux, which was relieved 
by injection of alcohol In the fourth case the pam was relieved, but 
the patient died of postopei ative pneumonia McLean repoited a 
case of atypical neuialgia combined with true tngemmal neuialgia m 
which relief was given by a diagnostic piocaine block of the ceivical 
poition of the sympathetic chain It is difficult foi one to understand 
how a tempoiaiy block, such as is obtained with piocame, could 
lelieve such a condition unless it was purely functional 

White 29 lelieved 1 patient by suigical excision of the mfenoi 
ceivical and uppei two thoiacic ganglions The pam lemamed absent 
for five yeais and then returned Later, as I have pieviously men- 
tioned, this patient was lelieved by excision of a calcified aiea m the 
falx 

In a second case of White’s, it was necessaiy to lesect the hist and 
second thoiacic ganglions, the mferioi cervical sympathetic ganglions 
and the common carotid aiteiy Reichert 47 lepoited 5 cases of a 
combination of tnfacial neuialgia and atypical neuialgia Resection 
of the fifth root relieved the tic, and in 3 cases of atypical neuralgia 
the pam was lelieved by injection of alcohol into the seventh cervical 
ganglion and the first and second thoiacic ganglions In the other 2 
cases relief was not obtained 

Grant 0g obtained lelief m 1 case of atypical neuralgia by the removal 
of the stellate ganglion Abbott secuied lelief m 4 cases Dandy 48 

45 Fay, T Personal communication to the author 

46 Flothow, P G Personal communications to the author 

47 Reichert, F L Personal communication to the author 

4S Dandv, W D Personal communication to the author 
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lepoited on the tieatment of hemicrama by removal of the mfenoi 
cervical and fiist thoracic sympathetic ganglions m 2 cases Penfield 
lelieved this pam m 2 cases by the following pioceduie He removed 
the supenoi ceivical sympathetic ganglion, decoiticated the carotid 
artery, excised the uppei pole of the stellate ganglion and the plexus 
on the veitebial aiteiy and then cut the uppei divisions of the fifth 
sensoiy root The patient has been free fiom pam foi thiee years In 
the second case the superioi cervical sympathetic ganglion was removed 
and penai tenal sympathectomy was perfoimed on the carotid artery, 
together with a subtotal lesection of the sensoiy root of the fifth 
cranial neive The plexus on the vertebral aiteiy was not lemoved, 
and consequently pam lemamed in the posterior part of the left side 
of the head and neck Multiple operations have been earned out by 
Braeuckei, 9q who leported relief of atypical neuialgia, which he called 
“pseudotrigemmal neuialgia” He extirpated the gasserian ganglion 
and removed the sphenopalatine ganglion with all its branches, as well 
as the first to the fouith ceivical neives, together with the rami of the 
external carotid neive, which come laigely fiom the superior cervical 
ganglion and the h}poglossal nerve The pam in the upper jaw, with 
radiations ovei the face, head, neck and shoulder disappeaied Fay, 
in ordei to deteimme the sensory tiacts of the head, and also to offer 
some relief m cases of atypical neuialgia, has opeiated on the occipital, 
glossophaiyngeal, hypoglossal and vagus nerves He has concluded, 
however, as recoided m a personal communication, that these operations 
are too foimidable foi therapeutic measuies, and consequently he has 
not peifoimed any for the last ten yeais 

Fiom these obscurations, it is appaient that some patients with 
atypical neuialgia can be lelieved by opeiations dnected towaid the 
sympathetic system Befoie operation is resoited to, howevei, all the 
various therapeutic measures suggested foi the secondary neuralgias 
should be tried If these prove unsuccessful, there is a possibility that 
the patient can be lelieved by surgical proceduies on the sympathetic 
system mentioned m the preceding paragiaphs Opeiations on the 
sympathetic system and injection of alcohol should not be cained out 
unless a diagnostic piocame block has been employed If alcohol is 
injected, great difficulty will be encounteied m latei surgical measures 
because of the mass of adhesions that foim about the site of the injec- 
tions 

If an operation is to be pei formed, it seems leasonable to assume 
that m some cases rental of the stellate ganglion and of the first 
and second thoiacic ganglions is sufficient to lelieve the pam How- 
ever, if removal of these ganglions does not relieve the pam, injection 
of alcohol into the tiigemmal neive may be pei formed This injection 
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should be made because isolated ganglion cells within the leptomenmges 
or an isolated ganglion cell on the caiotid artery within the skull may 
react within its own aiea of distribution and the pam impulse be earned 
to consciousness along the route of the trigeminal nerve or because 
it is possible that efieient pam impulses may tiavel along the fifth 
neive, pioducmg a metabolite which stimulates the general cutaneous 
ending Penfield did not advise the lemoval of the stellate ganglion 
if all the connections with the head aie mtenupted by excising both the 
supenor ceivical sympathetic ganglion from the carotid aitery and the 
saddle-shaped ganglionic extension along the vertebial arteiy Fuithei 
time and added clinical expenence are necessaiy to evaluate satisfac- 
torily the lesults of these suigical piocedures, but at least a logical 
solution of this pioblem is giadually being found 

SUMMARY 

Though the term “atypical neuralgia” is not particularly good it 
is no less explanatoiy than “migraine ” The close relationship of the 
clinical picture of atypical neuialgia to that of migraine is appaient, 
and when a new name is decided on it should mcoiporate both clinical 
entities Atypical neuialgia has been descnbed in the liteiature under 
a number of terms, and in this papei an effoit has been made to cone- 
late the vanous clinical and pathologic entities which may pioduce this 
syndrome One should no longei be baffled m the attempt to find a 
remedy foi this syndrome, but should make eveiy effort to find the 
secondaiy causes, to utilize the various conservative medical treatments 
suggested and, finally, to rely on test neive blocks before attempting 
the vanous suigical proceduies 

One cannot overemphasize the need for extieme caution m canymg 
out opeiative pioceduies on such structuies as the teeth and sinuses, 
unless the ceitamty of a pathologic process m these regions actually 
exists If one is too ladical in such operative woilc, more harm than 
good will result and the patient will be fai worse than befoie operation 
Each patient should be looked on as a diagnostic problem, and no pro- 
ceduie should be earned out without a long study 
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REPORT OF A CASE OF DIOSPYROBEZOAR 
DONOVAN C BROWNE, MD 

AND 

GORDON McHARDY, MD 

NEW ORTEANS 

Phytobezoais are sufficiently laie to justify oui being stimulated to 
publication of a case recently obseived When DeBakey and Ochsnei 1 
completed then critical analysis of the literature on 311 mtiagastnc 
foieign bodies, they were able to repoit only 126 instances of 
phytobezoai 

Bezoars have always been of considerable interest and have fiom 
antiquity been prized by then discoveieis In the earliei days they 
were valued as chaims and as cuiative agents Today they seive as 
excellent exhibits for medical meetings Numeious manuscripts review- 
ing then histoiy, method of formation, chaiactei, diagnosis and tieat- 
ment have appealed m the hteiatuie 2 

Since these phases have been studied and lepoited on adequately, 
we shall confine our discussion to the most lecent advance in the study 
of bezoais, the use of the gastioscope It was fiist repoited m 1936 
by Moeisch, 3 who viewed a phytobezoai m situ with the flexible 
gastroscope 

Moersch’s patient had been gastiotonuzed for removal of a bezoar 
m 1935, with the surpusing lesult that the i oentgenologic findings 
could not be confiimed When, m 1936, the roentgenogram again 
indicated the presence of a bezoar, the patient refused to have an 
operation until a gastroscopic examination had convinced him of the 
validity of the established diagnosis A phytobezoar was successfully 
removed This case illustrates the definite value of gastioscopy as an 
added diagnostic piocedure 

From the Department of Medicine, School of Medicine, Tulane University, 
and the Gastrcentei ology Clinic, Touro Infirmary 

1 DeBakey, M , and Ochsner, A Bezoars and Concretions, Surgery 4 934, 
1938, 5 132, 1939 

2 (a) Matas, R Hairballs of the Stomach, Tr South Surg & Ginec A 

26 603, 1914 ( b ) Maes, U Bezoars Ann Surg 88 685, 1928 

3 Moersch, H J, and Walters W Phytobezoar with Ahsualization by 
Means of Gastroscopy, Am J Digest Dis & Nutrition 3 15, 1936 
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Ruffin and Reeves 4 lepoited a case m which the roentgenologist 
could state only that theie was an indefinite megulaiity along the lessei 
cun atui e of the stomach, with a filling defect neai the pyloius, then 
endoscopic study levealed a mobile body identified as a bezoar Suigical 
lemoval was lesoited to, and laboiatory study showed the specimen to 
be a phytobezoar 

Patteison and Rouse 5 6 viewed a phytobezoai and had then gasti o- 
scopic study verified at opeiation 

None of these obseiveis were able to demolish ate an associated 
ulcei ation by gastioscopic examination, and fiom their lepoits one 
concludes that in no case was ulcei ation found by the suigeon 

Aside from phytobezoai s, Benedict 0 has studied a plum seed and 
a piune seed in the stomach Segal 7 had the unusual expenence of 
seeing a laige gallstone penetiatmg the gastnc wall fiom an adheient 
gallbladder This stone was nonopaque to loentgen lays and theiefoie 
was not seen on i oentgenologic study In a gasti oscopic study Rouse and 
Patteison 5 found multiple foieign bodies which had been missed by 
i oentgenogi am , they were thought to be phytobezoai s but on exploi a- 
toiy opeiation were found to be foui laige gieenish bile-stained tablets 
A chemical study showed them to be 10 giam tablets of magnesium 
caibonate, then letention was due to partial pyloiic obstiuctions and 
then intact state probably to an existing achloihydna 

A phytobezoar seen gasti oscopically appeais as a laige smooth 
ovoid mass of daik color, glistening because of its mucous coating and 
usually fieely movable One would expect to find an associated gasti ic 
ulcei ation m 23 per cent of the cases, with othei evidence of mucosal 
u i itation 

REPORT Or CASE 

Histoiy — T E S , a 69 yeai old white man, fiist seen on Maich 6, 1939, 
ga\e a history that in September 1938, while investigating a historic cemeteiy, he 
happened on a persimmon tree On an empty stomach he ate a geneious quantity 
of the ripe fruit He took home a supply, from which he ate, a half-hour before 
breakfast, on three successive mornings (The patient was meticulous in giving 
the foregoing statement) On the fourth day he began to expenence epigastric 
distress, a pain which started to the right of the midline and radiated across the 
abdomen Subsequently this pain became postprandial, and was partially relieved 
by alkali and by milk Numerous physicians were consulted, but no relief was 
obtained from any therapeutic regimen In December 1938 a gastric fluoroscopic 

4 Ruffin, J M , and Reeves, R J The Value of Gastroscopy in the Diagnosis 
of Phytobezoar, Am J Digest Dis 5 745, 1939 

5 Patterson, C O , and Rouse, M O The Clinical Use of the Flexible 
Gastroscope, Texas State J Med 39 746, 1939, peisonal communication to the 
authors 

6 Benedict, E B Personal communication to the authois 

7 Segal, H Personal communication to the authois 
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Fig 1 — Roentgenogram showing the bezcar displaced into the upper portion 
of the stomach by external pressure 



Fig 2 — Roentgenogram, taken at the six hour stage of the gastrointestinal 
series, showing the bezoar with typical barium outline 
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examination revealed what was considered to be abnormal letention cf food and 
barium On the basis of the histoiy a diagnosis of duodenal ulcer with partial 
pyloric obstruction was made, and the patient was put on a routine for ambulatory 
patients with ulcer Obtaining no lelief, the patient became piogiessively more 
apprehensive and of his own volition eliminated various foods from his diet 
He lost about 10 pounds (4 5 Kg ) in weight during five months There was no 
history of nausea, emesis or melena 

Examination — The routine physical examination levealed senile changes, both 
mental and physical, a thoracotomy scar in the light lowei quadrant of the 
thorax (from empyema drainage, 1926), basal pulmonaiy congestion with evidence 
of pleural changes at the base of the right lung, umbilical and epigastric hernias 
and slight hepatomegaly 



Fig 3 — Di awing showing the gastroscopic view of the bezoar 

Urinalj'sis gave negative results The blood count and blood chemistry were 
noimal, and two Wasseimann tests were negative The ascorbic acid content 
of the blood was 0 32 mg per hundred cubic centimeters Gastric analysis 
showed the total acidity to be 78, with the free hydrochloric acid 58 

The gastrointestinal roentgenograms cn March 7 revealed within the stomach 
an oval nonopaque mass, approximately 5 by 4 5 cm in diameter Fluoi oscopic 
examination showed that this barium-coated object was mobile and could be 
displaced by palpation from the lower poition of the corpus of the stomach well 
up into the cardia Seccndarv ulceration on the lessei cunature in the pyloric 
antrum was suspected, although not definitely established In six hours the 
stomach was emptied except for the barium which had collected on the walls 
of the mtragastric mass The opinion was expressed that a bezoar existed, although 
the possibility of a gastric polypus with an unusually long pedicle was considered 

Gasti oscopic Examination— On March 10, a Wolfe-Schindler flexible gastro- 
scope was passed and the interior of the stomach examined The gastroscope was 
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introduced just shoit cf the greatest depth The pyloric antrum did not come 
into view, a daik mass obstructing the field As the gastroscope was advanced, 
this object could be seen to move External pressuie was applied over the 
stomach at this time, and as the angulus was brought into view, the mass 
was seen to occupy a position which partially obstructed the view of the 
antrum The foreign body could be studied in detail, it was grayish black, 
lnegular m outline, glistening and covered with mucus A brownish pool of 
mucus extended from the proximal margin Sketches weie made of the mass in 
this position A mere satisfactoiy view of the antrum was not possible, a 
careful inspection of the remainder of the stomach revealed normal mucosae except 
for increased vascularity on the lesser curvature at the angulus No ulcerations 
were seen 



Fig 4 — Photograph of the bezoar 

A preopeiative diagnosis cf a single phytobezoai was made In prepaiation 
for surgical treatment the patient was given generous quantities of vitamin C 
Mild prostatic symptoms, which developed after he was at rest, were treated by a 
uiologic consultant 

Operation — On March 15, 1939, with the patient under geneial anesthesia, a 
gastiotomy was performed by Dr Alton Ochsner through a left upper paramedian 
incision Preliminary exploration and palpation revealed in the lumen of the 
stomach a mass of rockhke consistency, which was freely mo\able Examination 
of the other viscera revealed no abnormality A small incision was made m 
the midportion ot the anterior wall of the stomach at a right angle to the long 
axis, and the intei 101 of the stomach was visualized, the foreign body was 
lemoved intact No other masses were encountered The mass had all the 
wsible characteristics of a phytobezoar and measured 4 by 7 cm Surgical closure 
was done in the usual manner 
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Cowse — The patient’s postoperative condition was good, and he seemed on 
the way to a successful convalescence when, on the sixth dav alter surgical inter- 
vention, theie was a sudden onset of severe pulmonary svmptoms, with a pleural 
rub at the base of the left lung Subsequently, frank pneumonitis became evident 
over this area Typing of the sputum revealed no specific oiganisms, so the 
patient was given sulfapyridine, supplemented by a small transfusion and other 
supportive measures The need for digitalization was indicated by marked 
tachycardia with progressive pulmonary edema Oxvgen and stimulants were 
given The patient became progressively worse and died on March 27 

Pathologic Study — The significant observations at necicpsy, abstracted from 
the pathologist’s report, were as follows The peritoneum was smooth, glistening 
and grayish pink and showed no evidence of any mfiammatoiy reaction The 
spleen was somewhat enlarged The right pleural cavity was obliterated by 





Fig 5 — Di awing showing the stomach as lemoved at antopsj, with a large 
ulcer on the lesser cuivature at the antrum, the surrounding aieas of superficial 
ciosion are also shown 

fibious adhesions, the left pleuial cavity was partly filled with loose fibrinous 
adhesions The left lung was partly suriounded by fibnnous adhesions, which 
were most dense around the lower lobe Both lobes weie less crepitant than 
noimal, the lowei lobe was partly consolidated On section, an area of infarc- 
tion was found m the lower lobe near the periphery, showing liquefaction This 
area measured 8 cm in length and extended 4 cm into the parenchyma The 
surrounding lung tissue, in both lobes, was markedly congested, shouung evidence 
of acute inflammatory reaction Examination of the pulmonarj artery showed 
a rather large thrombus, which partly occluded the vessel, many of the smaller 
blood vessels were filled with thrombi 

■There w r as a recent scar, 5 cm long, m the midportion of the stomach, on the 
antei loi surface, it had completely healed, with no gastric distortion ' When 
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the stomach was opened, theie was seen on the lesser curvature, 3 cm from the 
pyloric valve, an ulcer 2 5 cm in diameter, which was free of gross evidence of 
acute inflammatory reaction There was no evidence of bleeding The edge of the 
ulcer was net mduiated, the lesion was 0 5 cm m depth and was distinctly 
punched out > 

The bezoar was tiuly a phytobezoar Ovoid in shape, it measured 4 by 7 cm 
immediately on removal but subsequently shrank, as is seen in figure 4 The surface 
was smooth and black The mass was hard, firm and compact on removal, but 
after drying it became friable and crumbled readily Sectioning revealed a hetero- 
geneous structure of biownish color, consisting of gummy material interspersed 
with cellulose fibers, skins and seeds 

COMMENT 

While eailier wntmgs of Chevahei Jackson and others contained 
references to foieign bodies viewed gasti oscopically, no mention was 
made of bezoais until the report of Moersch, m which the moie prac- 
tical flexible gasti oscope was given ciedit foi his ability to study a 
phytobezoar in situ The case we aie reporting is a typical instance 
of phytobezoai, and our observations conespond with those pieviously 
reported From the study of the literature theie is evidence that 
bezoais foim moie leadily m the empty stomach in which there is 
adequate acidity Secondary ulceration along the lesser curvatuie was 
demonstrated by the loentgenologist and the pathologist but was not 
found by the gasti oscopist or by the surgeon As far as we can determine, 
this is the one hundred and twenty-eighth case of phytobezoai to be 
published, it is the fouith case in which gastroscopic studies were 
carried out 

The unfoitunate death of the patient, due to pneumonitis super- 
imposed on mfaiction, has made available for the liteiatuie a com- 
pletely studied case of phytobezoar As yet, opeiative lemoval is the 
only lational theiapeutic pioceduie At the piesent time we have no 
additional information to offer as to the formation of these bodies 
Search for a possible means of dissolving them has, of course, been 
stimulated , but oui eff oi ts m this direction have not met with sufficient 
success to be of piactical value 

We favor the term diospyi obezoar, offered by DeBakey for this 
type of phytobezoar (Diospyron being the genenc name foi the wild 
persimmon) 

summary 

Study of the phytobezoai is a relatively new achievement for the 
flexible gasti oscope of Wolfe and Schindler The use of this instru- 
ment may levolutionize time-honored therapeutic pi maples m the tieat- 
ment of bezoais as well as of all other mtragastnc disease, because it 
makes accurate diagnosis possible and the results of theiapy may be 
checked by dnect usion 



RENAL CALCIFICATION ACCOMPANYING PYLORIC 
AND HIGH INTESTINAL OBSTRUCTION 


HARRY MARTZ, MD 

BROOKLYN 

The pin pose of this paper is to call attention to a not mfiequent and 
often ovei looked pathologic state occurring in patients subjected to a 
loss of gastric 01 high intestinal secietions ovei a long penod In medi- 
cal and suigical wards such patients are frequently seen presenting 
symptoms of pyloric 01 high intestinal obstruction or being subjected to 
continuous gastnc or intestinal diamage for the alleviation of distention 
and vomiting The alarming clinical pictui e these patients present is fre- 
quently overlooked, and effective treatment of the condition is too often 
lacking The patients, therefore, aie pei nutted to succumb to a chemical 
acid-base imbalance, with its accompanying impaired renal function At 
autopsy, they are often found to have extensive and apparently lrrepa- 
lable renal calcification The eaily institution of proper therapy 
m such cases might often foiestall this outcome, for the restoration of 
a proper chemical balance might restoie or markedly improve the func- 
tion of the kidneys It is with the aim of calling attention to the rational 
foim of therapy foi these patients, and of emphasizing the modus 
operandi of this form of damage to the kidneys, that I present a short 
description of calcium metabolism and several cases of this type of renal 
lesion 

HISTORY 

The first cases of lenal calcification associated with prolonged vomit- 
ing, secondary to pylouc stenosis, weie descubed by Nazan 1 in 1904 
He studied 2 fatal cases of gastric tetany which developed “over 
the course of a few days,” in both of which autopsy showed calcareous 
deposition in the tubules of the kidneys, especially m the convoluted 
tubules and m the ascending limb of Henle’s loop Nazan interpreted 
these changes as entirely of toxic origin, though he could not recover 
the noxious element in the blood 

In 1923, Brown, Eusterman, Hartman and Rowntiee 2 leported 11 
cases of “toxic nephritis” with evidences of renal insufficiency occurring 

From the Surgical Service and Department of Pathology, Cumberland 
Hospital 

1 Nazari, A Renal Changes in Gastric Tetany, Policlmico (sez med ) 
11 146, 1904 

2 Brown, G E , Eusterman, G B , Hartman, H R , and Rowntree, L G 
Toxic Nepntis m Pyloric and Duodenal Obstruction Renal Insufficiency Com- 
plicating Gastric Tetany, Arch Int Med 32 425 (Sept) 1923 
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as the result of organic obstiuction of the pylorus or of the duodenum 
In 6 of these cases death occuned, and postmortem examination of the 
kidneys revealed severe “toxic nephntis,” with tubular degeneiation but 
no changes m the glomeiuh In 5 of these 6 cases deposits of calcium 
were found in the tubular epithelium, which the authois attributed to 
the previous administration of calcium, as a therapeutic measure They 
stated, however, that Bowler had been unable to produce toxic effects 
on the kidneys experimentally by the administration of excessive doses 
of calcium chloride In all their cases they observed an increase in the 
caibon dioxide-combining power of the blood as well as nonpiotem 
nitrogen 

In 1924, Zeman, Friedman and Mann 3 reported 4 cases of pylonc 
or high duodenal obstruction with vomiting, in which degeneration and 
calcification were piesent in the cells of the convoluted tubules of the 
kidney, a condition which they tei med “toxic degenerative nephrosis ” 
They did not observe “nephritis,” or an inflammatory lesion In 2 of 
these cases there was gastnc tetany Thiee of the 4 patients had 
leceived calcium salts, but the authois stated that this had no l elation 
to the existence of renal lesions They found no deposition of calcium 
m other organs, such as occurs in cases of metastatic calcification and 
they were unable to explain the mechanism of occurrence of the calcifica- 
tion of the kidney They then tied oft the pyloius in 13 cats and 
sustained the animals by subcutaneous injection of 10 per cent dextrose 
thiee times a day, and were able to produce identical renal changes in 
all the animals These changes consisted of diffuse tubular degeneia- 
tion and calcification of the convoluted tubules and weie seen as early 
as forty-eight hours after operation In all these animals there were 
a use in the carbon dioxide-combmmg powei and m nonprotem nitrogen 
and a fall in chlorides, but no change m the amount of calcium 

In 1931, Borst 4 described a case of duodenal stenosis secondaiy to a 
diverticulum and healed ulcer m which the stenosis led to seveie 
vomiting of several days’ duration At autopsy, the patient’s kidnejs 
revealed marked degeneiation and deposition of calcium in the tubules 
In 1932, Porges 5 presented a similar case m which the same lenal 
changes were obseived m a patient with a duodenal ulcer pioducmg 
stenosis 

In 1933, Cooke 6 reported 6 cases of pyloric obstruction, in 5 of 
which the condition was due to an ulcer ■which was producing stenosis, 

3 Zeman, F D , Friedman, W , and Mann, L T Kidney Changes in 
Pyloric Obstruction, Proc New York Path Soc 24 41, 1924 

4 Borst, J G G Uramie durch Kochsalzmangel, Ztschr f khn Med 117 
55, 1931 

5 Porges, O Ueber Coma hypochloiaemicum, Klin Wchnschr 11 186, 1932 

6 Cooke, A M Calcification of the Kidneys in Pylonc Stenosis, Quai t T 
Med 2 539, 1933 
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in these 5 cases there w ere marked degeneiation and calcification of the 
cortical tubules and Henle’s loop In 3 cases there weie manifestations 
of tetany, and m 2 of these ammonium chloride was admimsteied with- 
out avail Cooke explained these renal changes on the basis of the 
alkalosis which is present m such cases of pylonc obstruction He did 
not, howevei , explain how this alkalosis produces damage to the kidneys 
He compared the lesions m these cases with those m cases of death fiom 
other causes and was unable to find calcification of the tubules m the 
lattei, except in cases of renal tubeiculosis and in 1 case of poisoning b\ 
niei cui y bichloride 

Tschilow, 7 m 1934 piesented a case of duodenal ulcei with stenosis, 
foi which a gastroentei ostomy was peifoimed Aftei the opeiation 
the patient continued to have severe vomiting, maiked lnpochlorenna 
and azotomia developed, and the patient died At autops) , the kidneys 
showed marked calcification of the tubular epithelium 

Gsell, 8 9 in 1936, repoited 2 cases of pylonc stenosis secondai) to 
ulcers, in 1 of which cases a gasti oenterostoirn was peifoimed and 
postopei ative ileus occuned In both cases consideiable damage to the 
kidneys developed, and at autopsy degenei ative and calcific changes w r eie 
observed in the kidneys Gsell attributed the damage in the kidneys to 
the hypochloiemia and the deposition of calcium to the alkalosis 

In 1936, Rohland 0 repoited 4 cases of vomiting of long duiation, 
m 3 of which the vomiting w r as secondai y to a gasti ic ulcei which w r as 
pioducing stenosis In all cases autopsy revealed evidence of “bichlonde 
nephrosis,” or calcification of the kidneys, sinulai to that found in cases 
of mercuiy bichlonde poisoning These changes he attnbuted to both the 
hypochloremia and the mciease in carbon dioxide-combming pow r ei 
He concluded, theiefoie, that the “nephrosis” occunmg in meicui) 
bichloride poisoning w^as also due to hypochloremia 

Butlei, Wilson and Faibei, 10 m 1936, descnbed the case of a bo} 
with obstiuction of the upper pait of the intestine secondai) to mesen- 
teric thiombosis who showed at neciopsy multiple deposits of calcium 
m the tubules of the kidne) They likewise repoited 2 cases in which 
infants with histories of prolonged vomiting (with dianhea in 1 case) 
presented no evidence of alkalosis while undei obseivation, but at 
necropsy showed calcification within the w'alls of the collecting tubules 
of the kidneys The authois cited Lightwmod who presented the lus- 

7 Tschilow K Nierenschadigung bei Kochsalzmangel, Wien khn Wchn- 
sclir 47 1324, 1934 

8 Gsell, O Beitrage 7ur H\pochloramie II H} pochloranusche Uianne 
mit Kalknephrose Hehet med acta 3 202, 1936 

9 Rohland, R Ueber h\ poclorannsche Nephrose, Klin Wchnschr 15 8?6 

1936 

10 Butler, A M Wilson, J L and Farber, S Delu dration and Acidosis 
with Calcification of Renal Tubules, J Pediat 8 489 1936 
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tones of 6 infants with gastioententis and vomiting in whom similai 
deposits of calcium salts within the tubules were observed at autopsy 
Results of chemical analyses of the blood of these patients weie not 
given 

In 1937, Peiez-Castio, 11 at the Hoist-Wessel Hospital, Berlin, 
examined the histologic material 111 50 cases of pyloric stenosis due to 
vanous causes, but essentially secondaiy to ulcer or caicinoma In 5 
of these cases there were definite and typical renal changes In a control 
series of 50 cases no such renal changes were found In all the 5 cases 
there weie marked hyaline or fatty degeneration of the cells of the 
tubules, both of the convoluted portion and of Henle’s loop, and ir 4 
of these cases there were also deposits of calcium in these aieas He 
concluded that the changes in the kidney in these cases of pyloric or 
high duodenal obstiuction with marked vomiting were due to the hypo- 
chlorenua secondary to the loss of gastric secretion He noted similai 
lenal changes in the case of meicury bichloride poisoning with hypo- 
chloremia In the fifth case, in which there was hypochloi emia and in 
which the kidneys showed severe degeneration of the renal tubules but 
no calcification, the patient had received injections of a solution of 
sodium chloride Perez-Castio claimed that the eaily introduction ot 
sodium chloride theiapy m this case pi evented deposition of calcium, 
foi the epithelium of the kidney requires a normal content of chloride 
for its best function This is significant, as will be seen subsequently 
He cited Siho-Vicente, who similarly found that because of the pro- 
tective action of the chloride ion, injections of sodium chloride were of 
value m cases of mercury bichloride poisoning Haden and Ori 12 
and Gamble and Ross, 1J however, found that the increase of chlondes 
m the blood by the administration of acid chloride salts, such as 
ammonium chlonde and calcium chloride, did not produce clinical 
improvement m these patients ivith pylonc stenosis but in fact made 
them worse 

Anderson, 14 in 1939, studied 31 cases of lenal calcification occui- 
rmg in infancy and childhood In 7 of these there weie histories of 
moderate repeated vomiting, which in 2 instances was due to intestinal 
obstruction Autopsy revealed particularly seveie renal calcification 
The mam deposits v^ere found within the tubules and chiefly in the con- 
voluted tubules of the cortex 

11 Perez-Castro, E Kalknephrose bei Pfortner- oder Duodenalstenose, 
Beitr z path Anat u z allg Path 99 107, 1937 

12 Haden, R L , and Orr, T G Chemical Changes 111 the Blood of the Dog 
After Pyloric Obstruction, J Exper Med 37 36 5 and 377, 1923 

13 Gamble, J L , and Ross, S G The Factors in the Dehydration Following 
Pyloric Obstruction, J Clin Investigation 1 403, 1925 

14 Anderson, W A D Renal Calcification in Infancy and Childhood, J 
Pediat 14 375, 1939 
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Altogethei then, theie have pieviously been lepoited 46 cases of 
calcification of the kidney secondary to seveie and prolonged vomiting 
In most of these cases, the vomiting was due to a cicatricial ulcei of the 
stomach 01 the duodenum or to a high intestinal obstruction 

PATHOGENESIS Or CALCIFICATION Or THE KIDNEY 

In ordei to airive at an adequate explanation foi the occuirence of 
pathologic calcification of the kidney, one has to leview bnefly the 
metabolism of calcium m the body and the factors which bung about the 
solution and precipitation of calcium 

Calcium exists in the noimal blood serum m a total concentiation 
of fiom 9 0 to 115 mg pel hundied cubic centimeters of blood This 
concentration is fan ly constant and is little influenced by exogenous 
factois The calcium exists in the blood stieam m three fractions 
(1) calcium in combination with protein, (2) calcium as undissociated 
but dissolved salts — calcium bicarbonate, Ca(HCO ) 2 , and tricalcium 
phosphate, Ca.(P0 4 ) 25 (3) calcium as ionized Ca ++ ions 

The dissolved calcium salts, as they exist in the presence of sulfate, 
phosphate and caibonate ions m the blood stream, would immediately be 
precipitated in vitro in the piesence of these ions Likewise, watei could 
keep in solution only 0 0079 pei cent of tricalcium phosphate in the 
piesence of alkali carbonates Yet m the blood stream this salt is 
present in solution in a concentiation of fiom 0 0110 to 0 0130 pei 
cent, or an amount Twee as great as can be held in an aqueous solution 
in vitro There aie two explanations for this unusual solubility One is 
the presence of piotems in the blood, which as colloids have the piopeity 
of keeping othenvise insoluble substances in solution or in suspension 
(Holt, La Mei and Chown 16 ) Because of the extiemelv small pro- 
portion of calcium m the plasma (1 10,000) as compared with the con- 
centrations of other substances in the blood, this solution or suspension 
of calcium is extiemely unstable and exists in a diheately balanced con- 
dition, aided by the piotective action of the plasma colloids When the 
total concentiation of proteins in the blood diminishes theie is a cone- 
sponding reduction in the amount of calcium cairied in the blood stieam 
The second physicochemical factoi to account for the i elativelv high 
concentration of soluble calcium salts is the presence of caibon dioxide, 
which exists in considerable concentration in the plasma The i elation 
between the salts of tncalcium phosphate and those of cai borne acid was 
shown some time ago b\ Howland 10 in the following formula 

C-u(PO.)_ + 2H.C0^2CiIIP0i + Cn(IfCO*)* JH 2 C- 1 ++ + 2IIPOT + Ca ++ + 2 HCO 3 

15 Holt, L E, Jr La Mer, V IC, and Chown, H B Studies in Calcifica- 
tion I The Solubility Product of Secondary and Tertiary Calcium Phosphate 
Under Various Conditions, J Biol Chem 64 509, 1925 

16 Howland, J Etiolog\ and Pathogenesis of Rickets in Har\e\ Lectures, 
1922-1923, Baltimore, Williams S. Wilkins Company, 1923, \ol 18 p 189 
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Oi, if expiessed in anothei way, “if calcium phosphate is exposed to 
the action of carbonic acid, an equilibrium is established between 
dicalcium phosphate and calcium bicaibonate, and between these 
and calcium ions, HP 0 4 ions and HCO ions ” Because of the rela- 
tively high concenti ation of caibon dioxide normally piesent in the 
blood stieam, the calcium phosphate lemains dissolved and dissociated, 
and the equation is “pushed to the right ” When, howevei , the carbon 
dioxide tension in this solution is 1 educed, a reveisal of this process 
takes place and tucalcium phosphate is precipitated This reduction of 
the caibon dioxide tension in a solution containing HC 0 3 ions is 
equivalent to deci easing the hydiogen ion concentration, that is, to 
making the solution more alkaline 

Anothei factoi which may bung about precipitation of calcium is 
the presence of an excessive concentration of eithei calcium or phos- 
phoius m the piesence of othenuse normal conditions Because of the 
low solubility of tucalcium phosphate, the serum is noimally saturated 
with this substance Any excess of eithei ion, theiefoie, leads to the 
immediate removal of the othei ion, either by excietion 01 by precipita- 
tion If the excess is not lemoved fiom the blood stieam by excietion, 
piecipitation occurs 

Calcium, theiefore, is capable of being piecipitated b) one of several 
factoi s, namely, increase of the alkalinity of the blood, 1 eduction m the 
protein 01 the caibon dioxide content and changes m the quantity or 
composition of the calcium salts 

After this brief summaiy of the metabolism of calcium and of its 
tiansport in the blood, an attempt may be made to explain the condition 
of pathologic calcification The calcium present m the kidney m the 
types of pathologic calcification under considei ation exists m two forms, 
namely, piecipitates of tucalcium phosphate and those of calcium bicar- 
bonate The piesence of the lattei was demonstiated easily b> 
Nazan , 1 who showed that the addition of hydiochlonc acid to these 
calcareous substances dissolved them with the emission of bubbles of 
caibon dioxide 

Now, what is the method of deposition of these calcium salts m the 
substance of kidney ? This condition may occui m the piesence of a 
high concenti ation of calcium m the blood, such as is seen in diseases 
of bones, as well as m the presence of a normal concenti ation of 
calcium W ells 17 termed the condition occuri ing with high concenti a- 
tion “metastatic calcification ” In this type of calcification there is an 
oversaturation of the blood with calcium due to the presence of decalcify- 
ing lesions of the bones, and the calcium is found to be piecipitated in 
tarious oigans The organs m which this precipitation most fiequently 

17 Wells, H G Chemical Pathology, Philadelphia, W B Saunders Com- 
pany, 1925, p 486 
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occuis aie the lungs, the stomach and the kidneys In all these organs 
theie appeals to be the common factoi of excietion of acids into then 
cavities This loss of acid substances leaves the intracellulai fluids 
m the substance of the organ correspondingly alkaline It is this 
increased alkalinity of the fluid in the piesence of satui ation with 
calcium which causes piecipitation of the calcium fiom the blood stieam 
The mciease m alkalinity makes the calcium salts much less soluble 
Undei normal conditions the amount of calcium cu culatmg in the blood 
is too small to be piecipitated in this way, but when the blood is saturated 
with calcium because of absorption from the bones, the mci eased 
alkalinity of the blood is appaiently sufficient to bring about the 
deposition of calcium m the tissues mentioned In the stomach the 
precipitation occuis between the glands of the parietal cells, 01 acid- 
secretmg cells In the lungs, the carbon dioxide is lemoved fiom the 
blood, and piecipitation of calcium occuis, for the carbon dioxide is an 
important factoi m keeping these calcium salts m solution m the blood 
In the kidney, there is similarly a loss of acid substances in the foim of 
phosphates, sulfates and organic acids, and this leaves the tissue fluids 
more alkaline In the piesence of the increased alkalinity in these loca- 
tions, associated with saturation of the blood with calcium, the calcium 
is piecipitated in the substance of these organs, leading to so-called 
metastatic calcification 

Now, what is the mode of occuiience of calcification of the kidney 
in the piesence of a noimal concentration of calcium in the blood, such as 
appeals in these cases of pyloric obstiuction ? MacCallum 18 has shown 
experimentally and Ross 111 clinically that the calcium of the blood may 
exist in noimal concentration in cases of pyloric obstiuction In such 
cases one might attempt to explain the calcification by one of two 
methods First, one might explain it by necrosis of the cells of the 
kidney with subsequent precipitation of calcium salts in these cells This 
piocess, howeiei, is slow and pi ogresses ovei a long penod Wells, 
Holmes and Hem y 20 produced this condition expei imentall) b) pi o- 
longed ligation of the lenal arteiv, which subsequently led to injui) and 
to deposition of calcium caibonate in the stioma of the kidne\ Heie. 
again, it was the low concentration of carbon dioxide in the neciotic 
cells and then increased alkalinity wdnch brought about the deposition of 
calcium m these locations It is piobably by this method that calcifica- 
tion occuis m the old caseous tubeicle oi in cases of meicur) bichlonde 

18 MacCallum W G , Lintz, J , Vermihe, H N , Leggett, T H, and Boas, 
E Effect of P\ loric Obstruction m Relation to Gastric Tetam, Bull Johns 
Hopkins Hosp 31 1, 1920 

19 Ross, S G Obser\ations on Tetany, Canad M A J 13 97, 1923 

20 Wells, H G Holmes H F and Henrj, G R Studies on Calcification 
and Ossification, J M Research 25 373, 1911 



382 


ARCHIVES OF INTERNAL MEDICINE 


poisoning of long standing In such conditions there is maiked destruc- 
tion of the paienchyma of the kidney with subsequent calcification 
This necrosis of kidney cells would not explain calcification m cases of 
pylonc obstiuction, foi here the calcification may come on acutely, 
within forty-eight hours, and though there is microscopic evidence of 
degeneration of the tubular epithelium of the kidney, the calcification 
is appaiently limited to specific portions of this tubular epithelium 
The explanation for the occunence of calcification of the kidney 
is the seveie alkalosis present m cases of pyloric or high intestinal 
obstiuction It has been shown fiequently, both clinically and experi- 
mentally, that the loss of chlorides m the vomitus in cases of pyloric or 
high intestinal obstruction brings about an increase in bicarbonate ions 
of the blood, or alkalosis It is this inci eased alkalinity of the blood 
which leads to the picture of so-called gastric tetany, for in the presence 
of alkalosis there is a diminution in the amount of available calcium 
ions, leading to relative hypocalcemia and its accompanying tetany 
But why is the calcification limited to certain aieas of the kidney m 
these cases of excessive alkalosis, and why are other organs not 
involved ? In the presence of alkalosis there are diminution in respira- 
tion and at times periods of complete apnea, in an attempt to elevate the 
carbon dioxide content of the blood and to overcome the alkalosis (Hart- 
mann and Smyth 21 ) There is therefore a diminished exchange of 
carbon dioxide across the alveolar walls, in an attempt to prevent exces- 
sive alkalosis of the tissues Similarly, in the stomach, in the presence 
of a piolonged pylonc obstruction, a diminishing amount of hydrochloric 
acid is secreted into its lumen, in an attempt to maintain the chloride 
content of the blood In the kidney, however, the picture appears to be 
entirely different In spite of the piesence of seveie alkalosis caused 
by a prolonged pylonc obstruction, a strongly acid urine may continue 
to be secieted It is on this factor that the calcification of the 
parenchyma of the kidney depends 

The secietion of an acid mine m these cases of prolonged pyloric 
obstiuction is an attempt to conseiv6 fixed base, such as sodium, of 
which there is a diminished concentration in the blood (Gamble and 
Ross, 13 Hastings, Murray and Murray, 22 and Ross 19 ) Early in 
these cases of pyloric obstruction there is a compensate y excietion of 
base in the urine, such as occurs with an “alkaline tide” following the 
ingestion of a meal Later, howevei , there is a deficit in base because of 
the continued loss of water and alkali in the vomitus Gamble and Ross 

21 Hartmann, A F , and Smvth, F S Chemical Changes in Body Occurring 
as the Result of Vomiting, Am J Dis Child 32 1 (Jufy) 1926 

22 Hastings, A B , Murray, C D and Murrav, H A , Jr Certain Chemical 
Changes in the Blood After Pvloric Obstruction in Dogs, J Biol Chem 46 223, 
1921 
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found that sodium was lost in the vonntus to an extent of moie than 
half the equivalent of the chloride loss They found that aftei piolonged 
obsti uction the contents of the stomach became decidedly alkaline, 
instead of acid The dehydiation accompanying the loss of extracellular 
fluids in these cases of pyloric obstruction, togethei with the associated 
staivation, also leads to lowering of the sodium content of the plasma 
Likewise, the impaiied lenal function, due to the extiaienal deviation 
of the water, as evidenced by the use in nonpiotem mtiogenous pioducts 
in the blood, leads to impaired production of ammonia by the kidneys 
Ihe body, then, has to lose fixed base in an attempt to neutiahze the 
acids of the urine All of these factors, therefore, lead to a diminution 
m the total base of the blood m these cases of pylonc obstruction of 
long duiation This fall in total base may bung its concentration to 
below 10 pel cent of its noimal minimum (Gamble and Ross,” Haden 
and Orr”) In an attempt to conserve the base foi the bod\ m such 


TABLr 1 — Scciction of Acid Unnc m the Picscncc of Scvcic Alkalosis Dining 
Expcmncntal Pylonc Obstmction in the Dog (Gamble and Ross 1 -*) 


12 flour Specimen, ko 

Volume, Cc 

pit 

1 

5S 

oc 

2 

4G 

57 

3 

75 

03 

4* 

240 

70 

5 

OS 

75 

6 

70 

GG 

7 

46 

04 


* Specimen 4 pus collected during the period of administration of 1,000 ce of a 0 9 per cent 
solution of sodium chloride 


cases, the mine becomes distinctly acid Maintenance of this acidity of 
the urine is aided by the inci eased excretion of oiganic acids, sulfates 
and phosphates, which tend to accumulate m the blood m cases of 
pyloric obsti uction 

That this secietion of an acid urine in the presence of severe alkalosis 
occurs is evident in table 1 

After the admmistiation of sodium chloride, the suiplus of sodium 
over chlonde piesentmg foi excretion is conve)ed into the urine as 
bicarbonate, making the urine alkaline This lemoval of bicaibonate 
from the blood causes a fall in the carbon dioxide-combining power, 
as does the letention of the chloride ion to leplace the low chlonde 
content of the blood The leplacement of the low sodium content of the 
blood and the consequent mciease in volume of body fluids help to 
suppoit the animal and to maintain its weight and wgor The admin- 
istration of acid salts such as ammonium chloride and calcium chlonde, 

23 Haden, R L, and Orr, T G The Sodium Content of the Blood of the 
Dog After Experimental Intestinal Obstruction, J Exper Med 41 119, 1925 
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has been shown by Haden and Orr 32 and by Gamble and Ross 13 to be 
harmful lather than beneficial These substances, by leason of then 
diuietic action, cause a fuither loss of sodium which they do not replace, 
and a fuithei secietion of an acid unne m copious quantity The animal, 
therefoie, continues to lose body fluids and dies, in spite of the increase 
m the chloride content of the blood, the deciease in the carbon dioxide- 
combming powei and parenteral administration of fluids 

That such an acid urine occurs clinically in cases of severe alkalosis 
secondary to pyloric obsti action is evident from an examination of the 
1 eported cases m which a record was made of the reaction of the urine 
In Brown’s 2 cases 2 and 10 the reaction of the mine was recorded as 
“acid ” Hartmann and Smyth, 21 in their study of the chemical changes 
occulting as the tesult of vomiting, found the mine to be distinctly acid 
on admission in 4 cases, in spite of the piesence of excessive alkalosis of 
the blood When the 4 patients were treated with injections of sodium 
chloride, the mine became alkaline and the patients lecovered In 
Cooke’s 0 senes of cases of lenal calcinosis, the reaction of the urine 
was alkaline in cases 1 and 6 until the patients weie given injections 
of ammonium chloride, after which it became acid These patients 
died and at autopsy were found to have extensive calcification 
Similarly, Butler, Wilson and Farber 10 found acid mines in the cases 
of 2 infants with symptoms of prolonged vomiting, in whom autopsy 
showed extensive calcification of the kidneys Andeison 14 repoited 7 
cases m which theie were histones of moderately repeated vomiting 
and autopsy revealed calcification of the kidneys In 3 of these cases 
the reaction of the mine was acid In my own series, an acid leaction 
was piesent m the first case, in spite of the presence of seveie alkalosis 
of the blood 

It is this secietion of an acid urine m the piesence of severe alkalosis 
which makes the cell fluids of the kidney even more alkaline and causes a 
precipitation of calcium salts Continued secietion of urine is necessary 
to bring about this precipitation of calcium m the substance of the 
kidney That this is true was shown by Wells, Holmes and Henry 20 
They found that ligation of the lenal artery over a prolonged period led 
to injury and calcification of the stroma of the kidney Ligation of the 
ureter with the pi oduction of anemia of the kidney at the same time 
caused a much smaller amount of calcification The authois obtained 
similar results by pioducmg expemnental necrosis of renal cells with 
mercury bichlonde They concluded that this was due to a deci eas- 
ing secretion of urine by the kidney Therefore, this furthei increase 
in alkalinity of the kidney cells, by reason of the continued secietion 
of an acid urine, is necessary for the precipitation of calcium m the 
substance of the kidney 
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But why ib the lenal calcification limited to the comoluted tubules 
and to Henle’s loop, as was found originally by Nazan 1 and frequently 
substantiated thereaftei ? The glomeruli are entirely fiee Stieghtz 24 
demonstrated by the use of dyes that when the normal kidney is 
secreting an acid urine the cells of the parenchymatous tubules, of both 
the pi oximal and the distal convoluted tubules and of the loops of Henle, 
are alkaline in reaction It is perhaps in these locations that there is 
either an active secretion of acid substances, such as sulfates and phos- 
phates, into the ui me by the tubular cells or a reabsorption of base from 
the tubulai fluid Richards 25 cited Montgomery and Pieice, who found 
by injecting dyes directly into the distal tubules that the cells which aie 
responsible for the acidification of urine aie localized in a region 
coriespondmg roughly to the middle third of the distal tubule It is, 
theiefore, m these locations that there is the gieatest increase m 
alkalinity of the fluids within the tubular epithelium by leason of their 
sudden loss of acids or gam in alkaline salts Theiefoie, the furthei 
and marked increase in alkalinity in these locations brings about a pie- 
cipitation of the calcium from the blood and the pioduction of interstitial 
calcinosis 

REPORT Or CASES 

C\se 1 — F V R, a 37 v ear old man, a Puerto Rican, was admitted to the 
medical sen ice of the Cumberland Hospital on Dec 31, 1937, with a history of 
gastric distress and occasional -vomiting after meals for the past fifteen years 
One year before admission he had been at the Mount Sinai Hospital in New York 
where a series of roentgenograms of the gastrointestinal tract revealed the pres- 
ence of a benign lesion, probabh a cicatrizing ulcer, which was causing stenosis 
at or near the pylorus At that time he w r as placed on a milk and cream diet and 
was well until six months before admission, when he no longer adhered to lus diet 
Gastric distiess and vomiting returned, for which he took alkalis, with some 
relief The vomiting became persistent four days prior to admission On the day 
of admission he had spasms of the arms and legs 

Phvsical examination on admission revealed carpopedal spasm, positive Trous- 
seau and Chvostek signs and marked muscular tenderness with spasm on stimula- 
tion of the muscle 

Laboratory examination revealed white blood cells, 22,400, with 71 per cent 
polymorphonuclears red blood cells, 3 050,000 carbon dioxide, 108 v olumes per 
cent, calcium, 12 mg per hundred cubic centimeters, phosphorus, 81 mg urea 
nitrogen, 52 6 mg , and chlorides, 385 mg The Wassermann reaction of the blood 
was negative 

The patient was treated for his alkalosis and tetanv with intravenous and sub- 
cutaneous injections of saline solutions His acute condition improved, but he 
continued to vomit copiously, the vomitus being occasionallv of coffee ground 
tvpe The carbon dioxide-combining power of the blood decreased to 88 volumes 
per cent, the blood chlorides rose to 440 mg per hundred cubic centimeters, and 

24 Stieghtz, E J Histologic Hvdrogen-Ion Studies of the K'dnev, Arch Int 
Med 33 483 (April) 1924 

25 Richards, A N Phvsiologv of the Kidnev Bull New York Acad Med 
14 5, 1938 
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he appeared relatively comfortable However, during the time of treatment the 
amount of urea nitrogen ranged between 41 and 72 mg per hundred cubic centi- 
meters, and a renal function test showed fixation of specific gravity at 1 010, with 
compensatory polyuria A series of roentgenograms of the gastrointestinal tract 
revealed the presence of a pyloric obstruction, with “soup bowl” stomach Opera- 
tive intervention seemed to be the only treatment for his condition He was there- 
fore prepared with transfusions and parenteral administration of fluids for a 
period of two weeks, and was then transferred to the surgical service 

The operation was performed on January 17, after a transfusion of 500 cc of 
citrated blood Gastric resection with duodenal exclusion and a Polya gastro- 
jejunostomy were performed 

Immediately after the operation the patient’s condition was good Continuous 
Wangensteen suction was instituted after he showed response, and remained in 
place for forty-eight hours, draining some bile and intestinal secretion but no 
blood Fluids were forced parenterally On the third day the patient began to 


Table 2 — Laboi atoi y Data m a Case of Gastnc Tetany and Alkalosis Associated 
with Pyloitc Ohsti action and Renal Calcinosis 
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Tho specimens of urine on January 4, 21, 20 and 21 vere acid 


complain of epigastric pains but did not have nausea or vomiting His abdomen 
was distended, and a low enema of soapsuds and oil was ineffectual The dis- 
tention yielded, however, to Wangensteen suction and the Harris drip The 
operative wound was clean and showed no evidence of evisceration The tem- 
perature at this time was 103 F , with the pulse rate in proportion The following 
(fourth postoperative) day the temperature fell slightly, but the pulse rose to 
between 120 and 140 a minute and was weak He appeared dehydrated and 
anxious and complained of thirst despite a seemingly adequate intake of fluid, 
of 3,500 to 4,000 cc per day Respirations were rapid His abdomen became 
distended and was tender throughout, though more so m the right lower quadrant 
Laboratory examination revealed 99 mg of sugar and 14 mg of urea nitrogen 
per hundred cubic centimeters of blood and a carbon dioxide-combining power 
of 41 volumes per cent He was given a transfusion of 250 cc of citrated blood, 
but lus pulse rate remained elevated at 140 a minute, and the quality vas weak 
His abdomen remained distended He died on the fifth day after operation 

Autopsy — Postmortem examination revealed generalized purulent peritonitis 
secondary to leakage of intestinal contents through the sutured duodenal stump, 
which contained an acute necrotic ulcer Both kidneys showed an extensile pen- 
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tubular deposition of calcium in the vicinity of the convoluted as well as of the 
collecting tubules, a deposit which in some areas reached large proportions The 
calcium was located immediately beneath the tubular epithelium, between the 
tunica propria and the epithelial cells of the tubules, and not in the capillaries 
The rest of the kidneys showed cloudy swelling The glomeruli were intact, 
there was no inflammatory infiltrate and no abnormality in the blood vessels 

Comment — In this case weie shown the classic signs of gastnc tetany 
in the presence of alkalosis due to piolonged vomiting and secondaiy to 
a pylonc obstiuction Thioughout most of the pieopeiative penod. 
the patient’s carbon dioxide-combining powei was distinctly above 
normal, and the uiea nitrogen was maikedly and constantly elevated 
in spite of an apparently sufficient pieopeiative intake of fluid This 
intake seemed inadequate, howevei, foi in spite of the apparent alka- 
losis the patient secreted an acid unne and had a low content of 
chlorides and a letention of nitrogen in the blood It was this acid 
mine in the piesence of alkalosis that accounted for the univeisal 
lenal calcinosis and its associated pool lenal function 

Case 2 — P G , a 49 year old white man, was admitted to the hospital on 
Jan 17, 1938, with a history of epigastric and substernal pains for one and a half 
years, and of a loss in weight of 22 pounds (10 Kg) during this period, chiefly 
from dietary restrictions These pains had increased during the week previous 
to admission He had vomited persistently during the previous two days 

Physical examination on admission revealed that the patient was chiomcally 
ill, with moderate distention of the upper part of the abdomen The edge of the 
liver was palpable just below the costal margin, but was not nodular Reducible 
inguinal hernia was present bilaterally A series of gastiomtestmal loentgeno- 
grams revealed a juxtapyloric duodenal ulcer with partial obstruction Analysis 
of the gastric contents revealed a normal quantity of hydrochloric acid and the 
presence of blood The stools gave a positive reaction for occult blood The 
Wassermann reaction of the blood was negative 

The patient was treated conservatively for three and a half weeks and 
secured only partial relief with alkalis and the Sippy diet 

Operation on February 9 revealed a “pre- and postpyloric mass involving the 
stomach, pancreas and adjacent lymph glands ” Soft glands were palpated in the 
gastrohepatic and the gastrocolic omentum A postenor gastroenterostomy was 
performed 

The patient’s condition immediately after the operation was good About five 
hours later he complained of a severe, sharp pain in the abdomen, radiating from 
the right flank medially to the right upper quadrant and the epigastrium He 
became anxious and worried His abdomen was moderately firm and tendei, with 
no specific points of maximal tenderness 

On the fiist day after operation his tempeiature rose to 104 F, and his pulse 
rate was 120 a minute The respiratory rate was 30 a minute and bieathing was 
deep and laborious No abnormal signs were found in his chest His abdomen 
was moderately firm, but not especially tender Examination of his chest with a 
portable roentgenographic apparatus showed nothing abnormal The following day 
his condition remained unchanged His temperature was 103 2 F His abdomen 
was moderately distended and was tender in the right lower quadrant On the third 
postoperative day his temperature was 102 F Chemical examination of the blood 
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revealed urea nitrogen, 34 mg , sugar, 156 2 mg, and chlorides 6250 mg, per 
hundred cubic centimeters On the fouith postoperative day he was toxic and 
drowsy The lower part of his abdomen was distended and tympanitic He was 
given a transfusion of blood, fluids by parenteral injection, sedatives and a Harris 
drip Chemical analysis of the blood at this time revealed the carbon dioxide- 
combimng power of the blood to be 38 volumes per cent and the creatine content 
1 5 mg per hundred cubic centimeters 

On the fifth postoperative day examination of his chest showed impairment 
of percussion note in the right axilla and m the bases of both lungs, with numerous 
adventitious sounds There was increased distention of the lower portion of the 
abdomen On medical consultation, evidences of consolidation of the bases of 
both lungs were found, and use of the oxygen tent was advised On the sixth 
day roentgenograms of the chest revealed evidence of infiltration at the bases of 
both lungs He became increasingly cyanotic, psychotic and restless and died on 
the seventh postoperative day 

Autopsy — Postmortem examination revealed generalized purulent peritonitis 
secondary to a perforating chronic duodenal ulcer There was no evidence of any 
leakage through the gastro-enterostomy stoma There was bilateral hypostatic 


Table 3 — Laboiatoi y Data in a Second Case of Renal Calcification Accompanying 

Pyloi ic Obsti action 
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* Tlio mine on January IS was alkaline, with triple phosphate crjstals, on January 20 
alkaline and on Januaiy 31 neutral 


pneumonia Both kidneys showed extensive peritubular deposits of calcium within 
the parenchyma of the cortex In some areas the calcium had broken through 
the tubules into the lumen 

Comment — In this case, although theie was a history of persistent 
vomiting of several days’ duration prior to opeiation, deteimmation of 
the chemical constituents of the blood was not made during this period 
Postopei atively the patient showed some retention of uiea nitrogen m 
the blood, probably secondary to the extensive renal calcinosis found at 
autopsy In this case there may have been the same changes in the 
blood as were piesent in the first case, but no proof could be had, for 
preoperative chemical determinations weie not performed The renal 
damage, howevei, was of the same chaiactei and almost of the same 
magnitude as that in the fiist case 

Case 3 — W C , a 68 year old white man, was admitted to the Cumberland 
Hospital on Feb 10, 1938, with the history of persistent vomiting, cramphke 
abdominal pains and obstipation of ten days’ duration 

Phvsical examination on admission revealed that the patient appeared chroni- 
cally ill and anemic and showed evidences of severe loss of u eight Examination 
of his abdomen showed it to be moderately distended, soft and t\ mpanitic through- 
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out, with peristalsis visible through the abdominal wall His temperature was 
101 F The urine was acid in reaction and showed a faint trace of albumin 
The blood count revealed a hemoglobin content of 65 per cent, red blood cells 
4,560,000 and white blood cells 12,600, with 87 per cent polymorphonuclears A 
flat roentgenogram of the abdomen levealed the piesence of fluid levels and maiked 
distention of the coils of the colon and small intestine 

The patient was treated conservatively for twelve hours with gastric lavage 
and clysis, with no evident improvement 

On the day after admission, opeiation with the area under local anesthesia 
revealed marked distention of the loops of the small intestine and a malignant 
growth in the midjejunum, which was the cause of the obstruction A side to 
side anastomosis was performed, and the patient was given a transfusion Iiis 
condition immediately after the operation was good He passed gas and fecal 
contents through the anus Two days later, however, his abdomen became dis- 
tended and his general condition poor Subsequently, on the fifth postoperative 
day, there developed painful parotitis on the left side and signs of pneumonia 


Txble 4 — Laboiafoiy Data in a Thud, Case of Renal Calcification Accompanying y 

High Intestinal Obsti action* 
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* Tlio urine on February 10 vns acid, mth a taint trace of albumin, and on rebuilt n Hi, 
alkaline, with a negative reaction for nlbumin 


in the right lung On the twelfth postoperative day, his abdomen became maikedly 
distended and tender, and enemas were ineffectual The patient became cold and 
cyanotic, his pulse became imperceptible, and he died 

Autopsy — Postmortem examination revealed a carcinoma of the jejunum and 
the jejunojej unostomy stoma, with an intussusception of the distal loop of the 
jejunum into the proximal loop, carrying with it the growth and enterostomy 
stoma There was generalized peritonitis, secondary to a perforation found in 
the jejunum, cultures from which revealed Bacillus welchn, Bacillus coli and 
a nonhemolytic streptococcus There was evidence of renal calcinosis in both 
kidneys, extratubular m distribution There were several atrophic tubules and 
hyalimzed glomeruli with areas of lymphocytic infiltrate in the cortex Theie 
was some thickening of the artenoles 

Comment — In this case, too, the patient had peisistent \omitmq of 
ten days’ duration but determination was not made of the caibon dioxide- 
combmmg power of the blood The urine, however, was acid in leaction 
on admission, and theie was evidence of retention of urea nitiogen 
Subsequently secondary intestinal obsti uction developed, due to the post- 
operative intussusception of the enterostomy stoma, and the patient 
continued to vomit Autopsy showed fauly extensive pentubular 
calcification m both kidneys 
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I DISEASES OF METABOLISM 
B\ Dr Wilder and Dr Browne 

DIABETES MELLITUS 

Genesis — (a) Pituitaiy Gland and Carbohydiate Metabolism In 
last year’s review 1 attention was directed to the significance of Young’s 
production of permanent diabetes in dogs by repeated injections of crude 
extracts of antenoi lobes of beef pituitaries foi a long penod This 
work, together with the more significant literature that bears on the rela- 
tion of the antenor lobe of the pituitary to carbohjdiate metabolism, 
is reviewed by Young 2 in a readable papei which he gave before the 
section of physiology at the annual meeting (1939) of the British 
Medical Association A tentative general conclusion fiom experiments 
of Long, Russell, Bennett 3 and otheis assigns to the secretion of the 
antenoi lobe of the pituitary a depressive action on the oxidation of 
carbohydrate in the muscles and promotion of glycogen storage Since 
the storage of glycogen can be promoted also by crystalline adreno- 

From the Division of Aledicine, the Mayo Clinic 

1 Wilder, R A1 , Rutledge, D I , and Wilbur, D L Diseases of Aletab- 
olism and Nutrition, Review of Certain Recent Contributions, Arch Int Aled 
63 356-427 (Feb ) 1939 

2 Young, F G The Relation of the Anterior Pituitary Gland to Carbo- 
hydrate Aletabohsm, Brit AI J 2 393-396 (Aug 19) 1939 

3 Long, Russell and Bennett, cited by Young 2 Long, C N H Influence 
of Pituitary and Adrenal Glands upon Pancreatic Diabetes, Aledicine 16 215-247 
(Sept) 1937 Russell, J A, and Bennett, L L Maintenance of Carbohydrate 
Levels in Fasted Hypophysectomized Rats Treated with Anterior Pituitary 
Extracts, Proc Soc Exper Biol & Aled 34 406-409 (Alav) 1936 
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cortical substances, 4 the suggestion is made that this pituitai \ effect is 
mediated b> stimulation of the adrenal coitex Corey 5 leported that 
administration of corticoadrenal extract to fasting h) pophysectonuzed 
iats will restoie to normal the values for blood sugai and those foi 
liver and muscle glycogen This also attests to the opeiation of the 
hypophysis through the adienal cortex in its effect on carbohydiate 
metabolism However, Fry, Long and Ritter, 0 with adrenalectomized, 
depancreatized rats in which glycosuria was maintained at a constant 
level by daily oral administration of adrenocortical extiact, found that 
injection of antenor pituitai y extract mci eased the glycosuna This 
they interpreted to indicate that the anterior portion of the pituitan 
influences carboh}drate metabolism not only through the action of an 
adrenotropic factor but also through an effect exerted by anothei factor 
(or factois) acting directly on the tissues 

The claim of Anselmino, Herold and Hoffman 7 that the admimstia- 
tion of a certain fraction of anterior pituitary extract to normal lats 
resulted in a few days m a substantial increase m the number and size 
of the islands of Langerhans and that this established the piesence of 
a panel eatropic hormone among the secretions of the pituitary is not 
acceptable With Richardson, Young 2 had confirmed the observation 
that crude pituitary extracts injected into rats mci eased the amount of 
island tissue in the pancreas, and latei, with Marks, Young 2 showed 
that the amount of insulin m the pancreas of the rat so treated was 
greatly increased The rat, unlike the dog, could not be made diabetic 
by injections of pituitary extracts, and the explanation of the hyper- 
tiophy of the islands seems to lie in the capacity of the island tissue of 
this species to hypertiophy lapidly and to mci ease its function in 
response to the increased demand for insulin created by the injections 
of pituitary extracts Even in dogs the response to long-continued 
treatment with pituitary extracts is inegular Some dogs cannot be 
made diabetic by this means, as has been noted not only by Young 2 
but by those who have repeated his experiments 

The ketogemc activity of the antenor lobe of the pituitary has 
i eceived much attention since Bum and Ling 8 fed cats fat and observed 

4 Long, C N H , and Ratzin, B Effect of Adrenal Cortical Hormone on 
Carbohydrate Stores of Fasted Hypophysectomized Rats, Proc Soc Exper Biol 
& Med 38 516-518 (May) 1938 

5 Corey, E L Hypophyso-Adrenal Synergy and Carbohydrate Metabolism, 
Am J Physiol 126 470 (July) 1939 

6 Fry, E G , Long, C N H , and Ritter, H B The Aggravation of 

Pancreatic Diabetes by Adrenal Cortical Extract, Am J Phvsiol 126 497 fTulv) 
1939 ' 

7 Anselmino, K J , Herold, L , and Hoffman, F Ueber die pankreatrope 
Wirkung von Hypophysenvorderlappenextrakten, Klin Wchnschr 12 1245-1247 
(Aug 12) 1933, cited by Young 

Crootnotcs continued on next page) 
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excretion of ketone bodies when anterioi pituitary extiact was injected 
The ketosis, as was shown by Best and Campbell, 9 may be accompanied 
by the development of a fatty liver at the expense apparently of the 
fat depots of the body It also was established satisfactory that the 
ketosis of depanci eatized dogs could be diminished by hypophysectomy, 
and thus it appealed that the secretions of the anterioi lobe of the 
pituitary play a part in the pioduction of ketosis How this is accom- 
plished lemains unceitain, but from what follows it seems unlikely that 
a special pituitaiy hormone, a regulator of fat metabolism, is involved 
Anselmmo and Hoffman 10 bad claimed success in sepaiating a “fat 
metabolism hormone” from pituitary extracts, but in Young’s opinion 
ketosis can be explained more simply by the general effects on metabolism 
of secretions of the anterior lobe of the pituitary, namely, the deci eased 
oxidation of caibohydrate and the decreased catabolism of protein 
These effects tluow the burden of supporting necessaiy heat pioduction 
on fat stores, and at the same time, by the thyiotropic effect of the 
pituitary extracts, the late of heat pioduction is inci eased This view 
is held also by Shipley and Long 11 who were unable to confirm the 
work of Anselmmo and Hoffman Comparative assays of the various 
fiactions of antenoi pituitary extracts indicated that ketogemc actnity 
accompanied the fractions containing growth and diabetogenic hoimones 
They commented on thejr results as follows 

The practice of assuming that the multiple effects of anterior pituitary extracts 
upon metabolism are due to separate hormones does not seem desirable in the 
absence of any chemical evidence that this is the case On the contrary, a con- 
sideration of the known facts of metabolism indicates that some of the alterations 
produced by the injection of anterior pituitary extracts may be regarded as 
secondary consequences of their action Among these we suggest the production 
of ketosis may be included 

A graphic piesentation of the intei play of the endocnne glands in 
carbohydiate metabolism was contributed by Rogei 12 (figuie) G H 

8 Burn, J H , and Ling, H W ICetonuria in Rats on a Fat Diet (a) 
After Injections of Pituitary (Anterior Lobe) Extract, (b) During Pregnancy, 
J Physiol 69 xix, 1930 

9 Best, C Ii, and Campbell, J Effect of Anterior Pituitary Extracts on 
Liver Fat of Various Animals, J Physiol 92 91-110 (Feb 16) 1938 

10 Anselmmo, K J, and Hoffman, F Das Fettstoffwechselhormon des 
Hypophysenvorderlappens I Nachweis, Darstellung und Eigenschaften des Hor- 
mons, Klin Wchnschr 10 2380-2386 (Dec ) 1931 , Zur Darstellung des Fettstoff- 
wechselhormons des Hypophysenvorderlappens, Endoknnologie 17 1-8, 1936 

11 Shipley, R A, and Long, C N H Studies on the Ketogemc Activity 
of the Anterior Pituitary III The Nature of the Ketogemc Principle, Biochem 
J 32 2249-2256 (Dec ) 1938 

12 Roger, H Quelques travaux recents sui la physiologie du foie, Presse 
med 47 1104-1106 (July 12) 1939 
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Roget and Leon Bmet are the editois of “Tiaite de physiologic noimale 
et pathologique ” The third volume of this large work covei s the phys- 
lology of the livei and kidneys, and lecently has appeared in a second 
edition Reviewing the many new acquisitions m knowledge of the livei 
since the appeal ance of the first edition of volume 3 in 1928, Rogei 
names nineteen hormones with activities affecting the glycogenic func- 
tion of the liver The fiist fifteen of these, listed below, he legal ds 
as “bien connues” The biacketed matenal is ours 

A Hormones elaborated by the anterior lobe of the pituitary 

1 Diabetogenic hormone (Houssay) 

2 Hypophysopancreatic hormone, a stimulant of the islands of Langeihans 

[This is not generally accepted The effect noted can be explained 
by the capacity of the islands to hypertiophy in lesponse to the increased 
demand for insulin created when anterior pituitaiy extiacts are admin- 
istered ] 

3 Hypophysothyroid hormone (Collip) 

4 Hypophysoparathyroid hormone with action on the panel eas by lelay 
through the parathyroid glands [The evidence for this is not impressive ] 

5 Hypophysomedulloadrenal hormone [Questionable ] 

6 Hypophysocorticoadrenal hormone (Collip) 

7 Contrainsular hormone (I. ucke) [See earlier leview 13 Evidence accumu- 
lated since that review was written tluows considerable doubt on the 
existence of this hormone ] 

B Intermediary hormones 

8 Corticomcdullary hormone [This factoi probably occurs, but the evi- 
dence is inconclusive ] 

9 Thyropancreatic hormone [Not established , the effects noted can be 
explained by the demand for more insulin cieated by the elevation of 
the rate of metabolism 34 ] 

10 Thyroadrenal hormone [Not ..established , the effects noted can be 
explained by the elevation of the late of metabolism ] 

11 Parathyropancreatic hormone [See comment undei heading A4 ] 

12 Duodenopancreatic hormone (Incretine of LaBarie) [See comments 
on this in an earlier review 15 ] 

C Hepatotropic hormones 

One of these, the pituitary diabetogenic hormone (Houssay), is already 
named [See heading A1 ] 

13 Panel eaticohepatotropic hormone (insulin) 

14 Medulloadrenohepatotropic hormone (epinephrine) 

15 Coi ticoadrenohepatotropic hormone (corticosterone) 

13 Wildei, R M, and Wilbur, D L Diseases of Metabolism and Nutrition 
Review of Ceitain Recent Contributions, Arch Int Med 55 304-343 (Feb) 1935 

14 Wilder, R M Hyperthyroidism, Myxedema and Diabetes, Arch Int Med 
38 736-760 (Dec ) 1926 

15 Wildei, R M and Wilbur, D L Diseases of Metabolism and Nutrition 
Review of Ceitain Recent Contributions, Arch Int Med 57 422-471 (Feb) 1936 
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The following comments m this aiticle by Rogei 12 should aiouse 
the interest of American readers 

The glycogen of the liver has long been regarded as a reserve for furnishing 
the organ with the sugar which it constantly requires This, indeed, is an impor- 
tant role, but recent studies lead to the conclusion that almost all, not to say all, 
of the chemical activities of the liver depend on the integrity of its glycogen 
function Glycogen enables, or at least facilitates, the utilization of certain hexose 
sugars, notably galactose It gives birth to citric acid It enables conjugation 
with a great number of toxic substances to form inoffensive glycuronates which 
can readily be excreted by the kidneys Glycogen furnishes the dextrose for the 
intrahepatic formation of neutral fats from the soaps carried to the liver from the 
intestine [This statement, we suppose, may offend the ears of American physi- 



Interplay of endocrine glands m carbohydrate metabolism See text, page 393, 
for significance of numbers 1, 2, 3, 4 and so forth (From Roger 12 ) 

ologists See Best and Taylor 1G ] Glycogen intervenes in the transformation of 
fatty acids, which under its influence are progressively desaturated and in con- 
sequence more readily oxidized The normal devolution of the lipoids results in 
the formation of the intermediate ketone bodies They, being injurious, must 
rapidly be eliminated or destroyed, and much research has established that the 
values for the ketones rise as those for hepatic glycogen fall, and vice versa 
The transformation of nitrogenous metabolites likewise is subordinate to the 
glycogen of the liver, which must be intact to permit the formation and trans- 
formation of aminoacids, creatine and urea Furthermore, glycogen serves to 
maintain the hepatic parenchyma and to make possible its regeneration Glycogen 

16 Best, C H , and Taylor, N B The Physiological Basis of Medical Prac- 
tice, ed 2, Baltimore, Williams & Wilkins Company, 1939, p 949 
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intervenes in the ari est and destruction of microbes, as well as in many other hepatic 
functions of minor mipoitance Thus have modern studies amplified unexpected!} 
the great discovery of £laude Bernard 

(b) Aitificial Sjnthesis of Glycogen Adding even moie unexpec- 
tedly to the gieat discovety of Claude Beinaid is the accomplishment 
this yeai of an m vitro synthesis of glycogen by Coil, Schmidt and 
Con 17 and Con, and Schmidt 1S Besides lepresentmg the first success- 
ful synthesis of any high moleculai polysaccharide, the work leading 
to this chscoveiy explains much of the enzymatic piocess which noimally 
is involved in the polymenzation of dextiose to glycogen and the degra- 
dation of glycogen — to sugar in the livei and to lactic acid in the muscle 

Solutions of purified enzyme piepared fiom muscle, heart, biam, 
livei and yeast weie shown to catalyze the following leaction in a 
level sible manner 

Glycogen + phosphoric acid ^ dextrose- 1 -phosphate 

When andenyhc acid (which acts as a coenzyme) is added to a solu- 
tion of dextrose- 1 -phosphate containing the enzyme obtained from the 
livei (livei -phosphorylase), inorganic phosphate is hbeiated and a poly- 
saccharide is formed which gives a biown color with iodine and which 
in other chemical piopeities is indistinguishable fiom glycogen At 
the point of equilibiium of the leaction, gl) cogen phosphoric acid 

dextrose- 1 -phosphate, the ratio of concentration of inorganic phos- 
phate, which lepiesents glycogen formed to concentiation of dextiose- 
1-phosphate, at 30 C is 83 5 to 16 5, oi 5 1 to 1 

(c) Adrenal Glands and Carbohydrate Metabolism Interest con- 
tinues to centei on the importance in caibohydiate metabolism of the 
adienal cortex In last year’s review 1 mention was made of the obser- 
vation of Long, Fiy and Thompson that crystalline compounds isolated 
from the adrenal cortex by Kendall provoked glycosuna in partially 
depancreatized rats Now synthetic adrenocoitical material has been 
made available by Steiger and Reichstein 10 Although highly potent 
so far as activity m salt watei metabolism is gonceined, the synthetic 
material, we aie infoimed, lacks the power to piovoke diabetes in 
paitially depancreatized rats Also we om selves obseived that a daih 
dose of 30 mg of it injected subcutaneously did not appieciably raise 

17 Cori, C F , Schmidt, G , and Con, G T The Synthesis of a Poly- 
saccharide from Glucose-l-Phosphate in Muscle Extract, Science 89 464-465 
(May 19) 1939 

18 Con, C F , Con, G T , and Schmidt, G The role of Glucose-1 -Phosphate 
in the Formation of Blood Sugar and Synthesis of Glycogen m the Liver, J Biol 
Chem 129 629-639 (Aug) 1939 

19 Steiger, M, and Reichstein, T Desox\-coitico-steion (21-oxy-proges- 
teron) aus A 5 -3-oxy-atio-cholensaure, Helvet clnm acta 20 1164-1179, 1937 
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the level of the blood sugai 01 mciease the twenty-foui horn excietion 
of dextiose m a case of diabetes The data of this expenment aie given 
in table 1 

That absence of achenocoitical activity fiequently is associated with 
an abnormally low level of blood sugai has long been known from 
obseivation of patients with Addison’s disease According to Feriebee, 
Ragan, Atchley and Loeb, 20 the synthetic compound, desoxycoi tico- 
sterone acetate, has no influence on this abnormality, an observation 
that we can confiim fiom peisonal expenence in 14 cases of Addison’s 
disease m which desoxycoiticosteione acetate was used therapeutically 
Thus it seems piobable that the synthetic piepaiation, while possessing 
many of the piopeities of active extiacts of adrenal coitex, may be 

1-AULi: 1 — Absence of Effect of Dcso i vcoi hcostei one Acetate on the Glycomna 

of Diabetes Mclhtus * 
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* The patient, a woman 19 years of age, had diabetes of eight jears’ duration Rest in 
bed was maintained, and a constant diet was giycn It provided 110 Gm of carbohydrate 
"S Gm of protein, 90 Gm of fat and 9 Gm of sodium chloride Soluble insulin was iniectcd 
twice daily The dose was preciously adjusted so ns to permit a moderate degiee of 
gljcosuiia 

'ilic absence of effect of de=o\jcoiticosteronc on this glycosuria is the more striking in 
mow of tile definite retention of sodium ion encountered in the penods when deso\jcoiti 
costciono acetate was administered The intnke of sodium ion was reasonablj constnnt, 
vaiying only with the sodium content of the food before seasoning 

It is worthy of comment that a dailj dose of 30 mg of deso\j corticosterone acetate is 
fiom thiee to six tunes ns laige as the dose necessarj to correct the disturbances of salt and 
watei metabolism in patients with severe adrenocorticnl insufficiency 


qualitatively dissimilar fiom the adienocoitical hoimone, at least m 
some lespects 

An abnormality of Addison’s disease i elated to the fiequent occui - 
ience of hypoglycemia is hypei sensitivity to insulin Swann and Fitz- 
geiald 21 investigated the lelative importance of the adienal medulla 
and the adienal cortex in the maintenance of noimal sensitivity, to insulin 
They found that m lats fiom which both adrenal glands had been 
lemoved sensitivity was tw r enty-four times as great as in conti ols but 
that the major pait of this abnormality could be abolished by transplant- 
ing the lemoved cortical tissue to the ovary 

20 Feuebee, J W , Ragan, C , Atchley, D W, and Loeb, R F Desoxy- 
corticosterone Esteis, Ceitain Effects in the Treatment of Addison’s Disease, 
JAMA 113 1725-1731 (Nov 4) 1939 

21 Scvann, H J , and Fitzgerald, J W Insulin Shock in Relation to Com- 
ponents of Adrenals and Hypophysis, Endocrinology 22 687-692 (June) 1938 
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The respiratoiy quotient of the depancieatized dog is low and, unlike 
the coi responding quotient of the normal animal, it lemains low aftei 
the animal is fed carbohydrate Chambers, Sweet, Chandlei and 
Lichtman 22 studied this quotient in dogs aftei adi enalectomy with pan- 
createctomy (the Young prepaiation) and after h) pophysectomy with 
depancreatectomy (the Houssay operation) The failuie of the respira- 
tory quotient to rise after caibohydrate is fed, although still a matter 
of contention, is generally accepted as an index of deficient oxidation 
of carbohydrate The abnormality, as was stated, is legulaily observed 
m depancieatized but otheiwise unchanged dogs It also is chaiactei- 
lstic of seveie clinical diabetes The lespnatory quotients of the adrenal- 
ectomized and depancreatized dogs were not elevated significantly by 
carbohydrate The basal respiratory quotients of these animals were low , 
and when dextiose was given the quotients of only a few r of them lose 
Essentially the same results were obtained with dogs subjected to the 
Houssay operation Thus it cannot be said, as some have supposed, 
that adrenalectomy or hypophysectomy abolishes pieexistent diabetes 
( d ) Panel eas and Fat Metabolism In an eailier leview Wilbui 
and 1 22 commented on the development of fatty livei in depancreatized 
dogs sustained with insulin This, as w^as said, could be pi evented if the 
animals weie given, with then food, raw pancreas, lecithin, choline, 
betaine or an extract made fiom the pancreas by Diagstedt and called 
by him lipocaic To judge fiom an obseivation by Hansen 24 and a 
more lecent study by White, Maible, Bogan and Smith, 25 the large 
fatty livers of poorly treated diabetic children aie impel fectly i elated 
to the condition found in depancieatized dogs White and hei associates 
gave raw pancreas to 2 diabetic children with hepatomegaly and betaine 
to 12 othei chilchen with a similar disease No significant change in 
the size of the livei in any of these childien was obseived aftei the 
feeding of pancreas, and a minor change only m the livers of 6 of the 
childien receiving betaine On the other hand, hepatomegaly was col- 
lected in 15 (nearly 80 pei cent) of 19 little patients who received 
nothing but piotamme insulin, which conti oiled the diabetes In oui 
experience there has not been a single case in which the type of hepato- 

22 Chambers, W H , Sweet, J E , Chandler, J P , and Lichtman, A L 
Carbohydrate Metabolism in Adrenalectomized, Depancreatized Dogs, Am J 
Physiol 126 460-461 (July) 1939 

23 Wilder, R M , and Wilbur, D L Diseases of Metabolism and Nutrition, 
Review of Certain Recent Contributions, Arch Int Med 59 329-364 (Feb ) 1937 

24 Hansen, P , cited by Wilder and Wilbur 23 

25 White, P , Marble, A , Bogan, I , and Smith, R M Enlargement of 
the Liver in Diabetic Children II Effect of Raw Pancreas, Betaine Hydro- 
chloride and Protamine Insulin, Arch Int Med 62 751-764 (No\ ) 1938 
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megaly descnbeci by White and hei associates failed to lespond to satis- 
factory contiol of the diabetes This clinical experience piovides little 
reason to believe that deficiency of hpocaic 01 of other secretion of the 
panel eas involved m fat metabolism is a piactical pioblem m diabetes 
except, perhaps, m those rare cases in which the pancreas as a whole 
is destroyed by g loss diabetic disease Howevei, Diagstedt and his asso- 
ciates 26 now emphasize that two types of fatty infiltration are encoun- 
tered in expel imental pancreatic diabetes and possibly also m clinical 
diabetes One type is due to a failuie to control diabetes, as when 
the administration of insulin has been inadequate This type is char- 
acterized by a noimal 01 a high concentration of lipoids m the blood 
and by acidosis The second type is due to insufficiency of hpocaic 
It is associated with a low concentiation of blood lipoids, impaired 
hepatic function, increased sensitivity to insulin and deci easing require- 
ments for insulin The first type isTehe\ed by insulin, but not the 
second That fatty infiltration and enlargement of the hvei of the 
second type also occur in human diabetes is suggested in 3 cases leported 
by Giayzel and Radwm 27 and a fouith reported by Rosenberg 28 The 
patients of Giayzell and Radwm 27 weie young diabetic subjects with 
hepatomegaly Their diabetes was well controlled with diet and insulin 
The large liveis diminished in size when hpocaic was administered, 
mci eased in size when hpocaic was withheld and again diminished in 
size when treatment with hpocaic was lesumed Rosenberg’s patient 
was an adult with mild diabetes Hepatomegaly was marked and was 
associated with impairment of liver function These conditions were 
not improved by better contiol of the diabetes but did respond to treat- 
ment with hpocaic Specimens of hvei secured at opeiations before and 
after treatment with hpocaic also levealed disappeaiance of fat 

In this connection certain recent observations beanng on the role 
of the alpha cells of the islands of Langerhans are of great intei est 
They were made by disciples of that giand old student of the pancreas 
who for forty years has headed the department of anatomy at the 
Umveisity of Chicago, Robert Bensley Woerner , 29 in the last of a 

26 Dragstedt, L R , Vermeulen, C , Goodpasture, W C , Donovan, P B, 
and Geer, W A Lipocaic and Fatty Infiltration of the Liver m Pancreatic 
Diabetes, Arch Int Med 64 1017-1038 (Nov ) 1939 

27 Grayzel, H G, and Radwm, L S Hepatomegaly in Juvenile Diabetes 
Mellitus Treated with Pancreatic Extract, Am J Dis Child 56 22-32 (July) 
1938 

28 Rosenberg, D H Proved Case of Recovery from Fatty Metamorphosis 
of the Liver After Treatment with Lipocaic, Am J Digest Dis 5 607-613 (Nov) 
1938 

29 Woerner, C A The Effects of Continuous Intravenous Injection of 
Dextrose in Increasing Amounts on the Blood Sugar Level, Pancreatic Islands 
and Liver of Guinea Pigs, Anat Rec 75 91-105 (Sept ) 1939 
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senes of papeis to come to oui attention, has this to say regaidmg 
the lesults of lepeated injections of solutions of dextrose into guinea 
pigs The injections were made at lates of from 1 to 3 Gm per kilo- 
gram of body weight pei houi o\er penods of days 

The results indicate that when the intravenous injection of dextrose is accom- 
panied by considerable hyperplasia and secretory activity of the beta cells and the 
blood sugar level is raised only slightly above the feeding level, the alpha cells 
may be exhausted and even hydropic, little glycogen may be stored m the liver 
and no osmic combining fat is found there 

When the injection is accompanied by actively secreting and exhausted beta 
cells with some mitotic activity and the blood sugar level is considerably raised 
(i e, two to three times the normal level m 24 to 48 hours), the alpha cells may 
be actively secreting and somewhat suppressed, the liver cells may be filled with 
glycogen and very little osmic combining fat found in that organ 

This statement, as we interpret it, represents the response of a still 
efficient pancreas On the other hand, when a sufficient degree of 
exhaustion and degeneration of the insulin-producing cells of the 
pancreas was pioduced, as seems to have occuired in some of these 
animals, the following was noted 

When the blood sugar level is excessively high, the beta cells exhausted and 
degenerating or suppressed, the alpha cells may be almost completely suppressed, 
the liver cells distended with glycogen and increasing amounts of osmic combining 
fat found in the Kupffer cells and in the liver cells toward the central vein 

In previous studies by Bensley and Woernei 30 the suggestion was 
made that the alpha cells secrete a substance concerned with fat metab- 
olism and that the oxidation of fat depends not only on the presence of 
this substance but also on available oxidizable sugar They had been able 
to make an extract of alpha cells and to obtain with it a deciease in 
the fat content of the liver The dose of alpha cell extiact, computed 
in terms of grams of fresh panel eas pei kilogiam of body weight per 
day, was about half the dose of alcoholic extiact of panel eas (lipocaic) 
used by Diagstedt and his co-workers 20 The ingenious device foi 
maintaining continuous intravenous injection in such small animals as 
the guinea pigs used in these experiments of Woerner and Bensley 
is described in anothei paper 31 

(e) Activity of Islands of Langerhans It long has been known 
that a normal pei son deprived of carbohydiate for a period of seveial 
days responds to a dose of sugar with a diabetic t) pe of blood sugar-time 
curve The phenomenon has been intei pi eted by some as indicating 
that quiescence of the pancreatic islands is induced by the small demand 
for insulin By otheis it is regaided as lesulting from changes m the 
function of the liver Both mechanisms piobably aie involved, but 

30 Bensley, S H, and Woerner, C A, cited by Woerner 29 

31 Woerner, C A A Simplified Method for Continuous Intravenous Injec- 
tion into Small Animals, J Lab & Clm Med 24 963-970 (June) 1939 
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supposing the foimer is an obseivation of Haist, Ridout and Best 3 - 
These authors repotted as follows to the Amencan Ph) siological Society 
at the annual meeting in Toronto 

In order to investigate the effect of dietary changes on the insulin content of 
pancreas it is necessary to have available, first, a method which consistently gnes 
a maximal yield of anti-diabetic substance, second, a method of testing insulin 
which gives accurate results with the amount of active material available, and 
thirdly, a test animal which will consistently eat the diets provided and whose 
pancreas can be completely removed without undue difficulty With regard to the 
first requirement the method recently described by Scott and Fisher [Am J 
Physiol 121 253, 1938], with very slight modifications, is satisfactory The 
mouse method of assay of insulin, using from 200 to 300 mice for each sample 
of insulin-containing extract, has been found to give remarkably consistent results 
[White rats of the Wistar strain eat the diets which have been used and all the 
pancreatic tissue can readily be removed when survival of the animals is not 
desired The pancreatic tissue from 10 lats provides from 20 to 30 units of insulin, 
an amount which is more than adequate for the test on 300 mice ] 

Utilizing these procedures, we have studied the changes m insulin content of 
rat pancreas under a variety of dietary conditions It has been found that star\a- 
tion produces a very definite decrease in the insulin content of pancreas Diets 
very rich in fat cause a marked diminution in insulin content Diets rich in carbo- 
hydrate [do not lead to a decrease in the insulin content ] 

Bearing indirectly on the question whethei depnvation of carbo- 
hydiate depresses (temporarily) the pioduction of insulin by the noimal 
pancreas are the lespiratory quotients of normal persons and the calcu- 
lations of carbohydrate utilization therefrom Such determinations have 
been leported by Johnston, Sheldon and Newburgh, 33 of Ann Aibor, 
Mich The subjects, 2 normal men, were pieviously on a low intake 
of calones and carbohydrate They failed to oxidize all of the intake 
of caibohydrate If, however, the diets weie adequate and contained 
moie cai bohydi ate, what was ingested could be accounted foi by oxida- 
tion The impaiiment of the ability to oxidize carbohydiate appeared 
to be i elated to the degree of depletion of pieviously existing stoies 
of glycogen Before this, Cori and Con 34 had found that lats which 
had fasted forty-eight hours oxidized relatively less dextrose and 
deposited l datively more glycogen m then muscle, and Johnston and 
his associates u3 commented that under conditions of glycogen depriva- 
tion it is more important apparently to replenish the carbohydiate stoie 
than to use incoming carbohjdrate foi fuel In oui opinion these 
results are exactly what would be expected from limitation of the supply 

32 Haist, R E , Ridout, J H , and Best, C H Diet and the Insulin Con- 
tent of Pancreas, Am J Physiol 126 518-519 (July) 1939 

33 Johnston, M W , Sheldon, J M , and Newburgh, L H The Utilization 
of Carbohydrate in Human Undei nutrition, J Nutrition 17 213-222 (March) 
1939 

34 Cori, C F, and Cori, G T, cited by Johnston, Sheldon and Newburgh 3-1 
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of insulin, since insulin seems not to be lequned foi the fonnation 
of muscle glycogen but is necessaiy foi a high late of oxidation of 
cai bohydi ate 

An obsei'vation which beais on the capacity of the diabetic pancreas 
to expoit insulin is contained in a paper by Labbe, 35 who found the 
Staub-Tiaugott leaction to be absent m patients with diabetes Staub 3,> 
and Tiaugott 37 independently, and befoie them, in Baltimore, Hamman 
and Hiischman, 38 showed that a second dose of dextiose given by 
mouth to a normal human subject an houi or so aftei a piehmmaiy 
dose bad little, if any, elevating effect on the level of the blood sugai 
The absence of effect from the second dose is intei pi eted as meaning 
that the hist dose activated the mechanism foi utilizing incoming sugai 
The activation is supposed to depend on stimulation of the panel eatic 
islands 1 This Staub-Traugott (Hamman-Hirschman) phenomenon 
could be obtained by Labbe with noimal peisons but was not appaient 
with diabetic patients His explanation is that m diabetes the panel eas 
must be incapable of exporting more than a ceitam minimum of insulin 

The papei of Labbe, 35 containing the bnef lepoit just cited, was 
one of the last in the extensive bibliogiaphy of this distinguished clin- 
ician Mai cel Labbe (1870-1939) has been the leading clinical authonty 
in Fiance on diseases of metabolism and nutntion An account of his 
notable conti lbutions is contained in the many obituaries that appealed 
this )eai m Fiench journals of medicine 30 

Also beaiing on the subject of the capacity of the diabetic panci eas 
to expoit insulin is an important and long delayed conti lbution fiom 
the Connaught (Insulin) Laboi atones m Toionto, Canada It con- 
cerns the insulin content of pancreas removed at neciopsy fiom the 
bodies of peisons who died with diabetes Analyses foi insulin were 
made on 14 nonnal and 18 diabetic pancreases by Scott and Fisher 40 The 
aveiage value in the noimal organs was 1 7 international units pei giam 
(173 units pei pancreas) The value 1 7 is in good agreement with 
the aveiage value of insulin (18) obtained m analysis of the panel eas 

35 Labbe, M La reaction de Tiaugott-Staub Essai d’apphcation a l’alimen- 
tation des diabetiques, Ann de med 44 393-405 (Dec ) 1938 

36 Staub, H Bahnung im intermediaren Zuckerstoffwechsel, Biochem Ztschr 
118 93-102, 1921 

37 Traugott, K Uebei das Veihalten des Blutzuckerspiegels bei wieder- 
holtei und verschiedener Art enteraler Zuckerzufuhr und dessen Bedeutung fur 
die Leberfunktion, Klin Wchnschr 1 892-894 (April) 1922 

38 Hamman, L , and Hirschman, J T Studies on Blood Sugar IV Effects 
upon the Blood Sugar of the Repeated Ingestion of Glucose, Bull Johns Hopkins 
Hosp 30 306-308, 1919 

39 Bezanqon, F Marcel Labbe, 1870-1939, Ann de med 46 89-94 (Julv) 
1939 

40 Scott, D A , and Fisher, A M The Insulin and the Zinc Content of 
Normal and Diabetic Pancreas, T Clin Im estigation 17 725-728 (No\ ) 1938 
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of the matuie cow In the diabetic human panel eas the aveiage value 
was 0 4 unit pei gram (less than 40 units pei panci eas) What doubt 
remains regaiding the primal} significance of the pancreas m clinical 
diabetes should be stilled if the lesults of analyses of more material 
agree with these 

Sex Incidence — No one study has explained the unusual frequency 
of diabetes among Jews, nor the relatively high pioportion of females 
among diabetic Jews Rud) and Keeler 41 added furthei statistical 
data and compaied observations made on more than 1,000 Jewish dia- 
betic patients in the Beth Isiael Hospital of Boston with othei data, 
especially those of Joslin Rudy and Keeler found the incidence of 
familial diabetes (diabetes m bi othei s, sisteis or first cousins) to be 
from four to six times as high in diabetic as in nondiabetic Jews and 
that of hei editary diabetes (diabetes m parents, grandpai ents, aunts 

Table 2 — Sex of Ncivly Regtsteicd Diabetic Patients m the Mayo Clinic 




Male* 

Female 

Year 

Patients 

\ 

Percentage 

Patients 

Percentage 

1924 

181 

52 5 

1G4 

47 5 

1925 

209 

53 2 

184 

46 8 

192G 

177 

515 

167 

4S 5 

1927 

25 G 

571 

192 

42 9 

1928 

188 

52 4 

171 

47 G 

Total 

1,011 

535 

878 

46 5 

1935 

30S 

55 9 

243 

44 1 

193G 

3S5 

566 

295 

43 4 

1937 

43S 

571 

329 

42 9 

Total 

1,131 

36 G 

S67 

43 4 


* The percentage of males among all newly registered patients (those not previously seen) 
in the Mayo Clinic lias been close to 50 for many jears In 193S it was 48 6 

and uncles) to be higher in the younger age gioups They also noted 
that Jewish females with diabetes outnumbered Jewish males with 
the disease m a ratio of neaily 2 1 This sex ratio is much highei than 
that reported by Joslin for all diabetic patients and may provide an 
explanation for the fact that the numbei of female patients with dia- 
betes exceeds the numbei of male patients with the disease m clinics 
m Boston and New York, where the Jewish population is relativel) 
large Such preponderance of females over males has not been observed 
among the diabetic patients who come to the Mayo Clinic, where the 
clientele is largely derived from ruial regions or smaller towns In 
our experience males predominate, and their predominance seems to 
be on the increase (table 2) The incidence of Jews among new dia- 
betic patients coming to the clinic runs about 12 per cent In 1938 
it was 12 8 per cent 

41 Rudy, A , and Keeler, C E Studies on Heredity m Jewish Diabetic 
Patients, New England J Med 221 329-332 (Aug 31) 1939 
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The pi edonunance of females with diabetes cnei males with this 
disease m the expenence of the Metiopohtan Life Insuiance Com- 
pany 12 may also be influenced by an undue weighting with Jews The 
section of the population repiesented m the polict holders of this com- 
pany is industiial and therefoie mostly uiban 

Diagnosis — (a) Exton-Rose Test Foi some teais Exton’s sim- 
plified tolerance test, the two dose-one hour test, has been in use in 
the Mayo Clinic as one of seveial means of diagnosis in cases in which 
diabetes was suspected The collected matenal has now been examined 
by Matthews, Magath and Berkson, 43 who selected foi statistical analysis 
the lesults obtained with this test in 117 subjects called normal, 304 
patients with diabetes melhtus and 70 patients with lenal glycosuna 
Results obtained with the test m cases m which any disease other than 
diabetes was noted were eliminated In all cases the clinical diag- 
noses had been made by physicians who had special experience m 
diabetes These physicians gave the tests consideiation, but they based 
their diagnoses on all the mfoimation obtainable and not on the tests 
alone Indeed, in mterpietmg the tests for pui poses of diagnosis 
other cnteria weie used than those developed in this statistical exami- 
nation 

From the study of Matthews and his associates, 43 the con elation 
between the clinical diagnosis and the eailier cntena for intei preting 
the Exton-Rose test appears to be much less satisfactoiy than the coi- 
relation which can be observed between the clinical diagnosis and the 
simple 'criterion provided by the value for the blood sugai one houi 
aftei the fiist dose of dextrose is ingested When subjects who had 
a concentration of blood sugar of less than 0 158 Gm pei hundred 
cubic centimeteis at the houi were designated as nondiabetic, and those 
with readings at or moie than 0 180 Gm as diabetic, all but 25 of the 
364 patients had values of blood sugar in one of the two groups, and 
the laboratoiy designation agreed with the diagnosis of the physician 
Of the 25 pei sons with values of blood sugai at the hour between the 
cutical levels named, i e, between 0158 and 0179 Gm , 6 patients 
were called nondiabetic by the clinician, and 19 weie considered as hav- 
ing exceedingly mild diabetes This incidence of doubtful designation 
not only was smallei than that obtained by use of eailier cntena for 

42 Dublin, L I , and Lotka, A J Twenty-Five Years of Health Progress 
A Study of the Mortality Experience Among the Policyholders of the Metro- 
politan Life Insurance Company, 1911 to 1935, New York, Metropolitan Life 
Insurance Company, 1937 

43 Matthews, M W , Magath, T B , and Berkson, J The One Hour-Two 
Dose Dextrose Tolerance Test (Exton-Rose Piocedure), J 4 M A 113 1531- 
1537 (Oct 21) 1939 
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mteipietmg the Exton-Rose test but was much smallei than that found 
by Matthews 14 using any cntena heietofoie pioposed for mtei pretmg 
the so-called standaid tluee houi-one dose dextiose toleiance test 
( b ) Significance of Hypeiglycenua Not Accompanied by Glyco- 
suna It is a common piactice to regard a fasting value foi blood 
sugar of moie than 0120 Gm pei hundred cubic centimeters associ- 
ated with glycosuria as diagnostic of diabetes mellitus, but what about 
hyperglycemia with no glycosuria ? Davidson 45 reported 17 examples 
of this No sugar appealed in the urme even when dextiose was 
adnumsteied foi a one dose-three hour toleiance test, m the couise of 
which the blood sugar i ose to values between 0 200 and 0 300 Gm 
pei hundred cubic centimeteis Six of the patients weie children 
We have encounteied an occasional case of this type and have attributed 
the condition to abnoimal elevation of the lenal thieshold That the 
abnormality occurs with sufficient frequency to have enabled one 
observer to leport 17 examples and to comment, as Davidson 45 did, 
that he had encounteied seveial scoie of equally staking cases is 
startling, to say the least In Davidson’s opinion, such hyperglycemia 
may initiate and maintain metabolic disturbances that aie susceptible to 
coirection by tieatment with a diabetic diet 

The bettei known abnormality of the renal threshold foi dextrose 
is lenal dextrosuna (lenal diabetes), in which the threshold foi sugar 
is depressed below noimal so that sugai is excieted by the kidneys 
fiom normal oi even abnormally low levels of blood sugai A review 
of Joshn’s expenence of thuty-five years with nondiabetic glycosuria 
was lecently repoited by Maible, Joslm, Dublin and Marks 46 They 
defined “renal glycosuna” as denoting constant glycosuna even in the 
fasting state (when values for blood sugar are less than 0 120 Gm 
pei bundled cubic centimeteis), postpiandial values for blood sugar 
of less than 0 170 Gm per bundled cubic centimeteis and an absence of 
diabetic symptoms In none of 67 cases satisfying the cnterion of 
lenal glycosuria in this limited sense did diabetes mellitus develop 
later Howevei, of a total of 1,946 patients with all types ot non- 
diabetic glycosuna, tiue diabetes later developed m 193, oi 9 9 pei cent 
The entire senes included 4 cases of pentosuna and 1 case of fiuctosuna 
The statement is made that often in cases of pentosuna and fiuctosuna 

44 Matthews, M W A Study of the One Dose-Three Hour (Standard) 
and Two Dose-One Hour (Exton-Rose) Glucose Tolerance Test, Thesis, Uni- 
versity of Minnesota Graduate School, 1939 

45 Davidson, C F Hyperglycemia Without Glycosuria Associated with 
Disturbances in Metabolic Processes, Endocrinology 24 542-549 (April) 1939 

46 Marble, A , Joslm, E P , Dublin, I I , and Marks, H H Studies in 
Diabetes Alelhtus VII Nondiabetic Glycosuria, Am J M Sc 197 533-556 
(April) 1939 
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the diagnosis is first diabetes, then lenal gl)cosuna, and the suggestion 
is made that whenevei mehturia is proved not to be diabetic the type 
of sugar should be identified 

Piognos\<; — (a) Couise of Diabetes in Childien An encouiagmg 
suivey of the condition of childien with diabetes is lepoited from Los 
Angeles b> Gnshaw, West and Smith 47 The status of 315 of a series 
of 341 diabetic children was known Among them weie 86 in whom 
diabetes had developed prior to January 1928 and who thus had lived 
ten years oi more since its development Twenty-five per cent of the 
86 had died, but only 3 of the deaths had occurred since 1930 The 
mortality foi the 219 children exposed less than ten \eais was 9 2 pei 
cent The cause of half of all deaths was coma, and in consequence 
of lmpiovmg methods of pi eventing coma bettei results can be expected 
in the futuie Among nonfatal complications, letmitis was found in 
only 2 of all the childien and cataract in only 1 Pulmonary tubercu- 
losis was noted in only 1 and artenosclerosis in only 1 

The intelligence of diabetic children has impressed e\ery one who 
has had expenence m treating many of these little patients Intelli- 
gence ratings weie obtained for 62 unselected childien of the group 
studied by Grishaw and his associates 47 The latings weie well in 
advance of normal, 42 1 per cent were more than 110 compared with 
20 6 pei cent of Tei man’s normal, unselected children Only 10 5 per 
cent of the latings weie less than 90, compared with 19 4 pei cent foi 
Tei man’s unselected childien 

( b ) Piejudice Against Employment of Patients with Diabetes A 
commendable piotest was made by Lawience and Madders 48 at the 
discrimination by employeis against persons with diabetes This atti- 
tude is a suivival of premsuhn days and now is unfan and unjust A 
formal survey of 100 employed diabetic persons levealed that 85 pei 
cent of them when stabilized on insulin lost no time fiom then woik 
Lawrence and Maddeis concluded that most diabetic persons when 
adequately treated aie good employees fiom the point of view of 
health 

The modern aim in the tieatment of diabetes, as is well explained 
m a recent bulletin of the Metiopohtan Life Insurance Company, 4 '’ is 
to restoie the patient and then to keep him as a useful and productive 
citizen m the community This objectne is w r ell on the w r ay to being 

47 Gnshaw, W H , West, H F, and Smith, B Jmenile Diabetes Mellitus 
Arch Int Med 64 787-799 (Oct) 1939 

48 Lawrence, R D , and Madders, K The Emplm ment of Diabetics, Brit 
M I 2 1076-1077 (No% 26) 1938 

49 Working Capacity of Diabetics, Statist Bull , Metropolitan Life Insur Co 
20 7-10 (Oct) 1939 
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lealized, but both doctois and patients must help m attaining it Eveiy 
patient with diabetes who is regularly employed not only is himself 
the gainer but theieby establishes a leputation which helps to oveicome 
the prejudice of employeis against other diabetic persons 

INSULIN 

Choice of Insulin — Although dissent continues to find expiession, 
the opinion pievails that the use of protamine zmc msulm is desirable 
m most cases of diabetes It is widely lecognized, however, that such 
an insulin can be used successfully only foi patients with the mildei 
forms of the disease and should be combined with some quicker acting 
insulin foi patients with diabetes of seventy The Amencan, English 
and Geiman expenence with protamine zinc msulm has been cited 
extensively m oui pievious reviews 50 The Fiench experience has 
been leported by Boulin and his associates 51 Boulin himself 52 lepoited 
separately on the lesults of the use of this msulm m 100 cases 

The long duration of action of laige doses of protamine zmc insulin 
has been emphasized by Allen, 53 who demonstrated, in animal experi- 
ments involving amputations, that the continued effect is due to reten- 
tion at the site of injection foi periods up to sixty-two hours An 
interesting leview of the various substances, protamines, histones and 
so forth, effective in retaidmg the action of insulin was made by 
Vartiamen and Bastman 54 Sandberg and Biand 56 had suggested 
that msulm was bound to arginine oi guanidine groups in most of the 
substances which when added to insulin retard its activity Sandbeig 
and Brand, expenmentmg with argmme alone, found that it caused a 
letardation compaiable to that obtained with piotamme The dose of 
aigmine necessary approximated 100 mg pei kilogiam 

Another suggestion for retarding the action of msulm is that of 
Femblatt, 56 who added hexamethylenetetramine (methenamme) in the 

50 Wilder, R M , and Wilbur, D L Diseases of Metabolism and Nutrition 
Review of Certain Recent Contributions, Arch Int Med 61 297-365 (Feb ) 1938 
Wilder and others 1 Wilder and Wilbur, footnotes 15 and 23 

51 Boulin, R , Ullmann, M , Mallet, R , and Bour, H L’msuhne-protamine 
zinc dans le traitement du diabete sucre, Ann d’endocnnol 1 270-292 (July) 1939 

52 Boulin, R Le tiaitement du diabete sucre par l'lnsuline-protamine-zinc 
(statistique de 100 cas), Presse ined 47 541-544 (April 12) 1939, abstracted, 
Bull et mem Soc med d hop de Pans 55 41-43 (Jan 30) 1939 

53 Allen, F M Tolerance and Toxicity of Insulin III Protamine and 
Zinc Compounds, Ann Int Med 12 1870-1885 (May) 1939 

54 A^artiamen, J, and Bastman, L The Retardation of the Effect of Insulin 
by Means of Arginin, Acta med Scandinav 98 318-327, 1939 

55 Sandberg and Brand, cited by Vartiamen and Bastman 54 

56 Femblatt, H M Juvenile Diabetes Mellitus (A Comparative Study of 
Standard Insulin, Crystalline Insulin, Protamine Insulin and Hexamine Insulin), 
J Lab & Clin Med 24 337-341 (Jan ) 1939 
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amount of *4 giam (0 06 Gm ) to 1,000 units of insulin The lesulting 
mixture is soluble but piecipitates at the p H of the tissue fluids The claim 
is made that this “hexamme insulin” is not irritating and is as stable 
as pi otamme zinc insulin The protection piovided against ketonuna 
is as sti iking as that with piotamine zinc insulin, and shock fiom ovei- 
dose (collapse leaction) lesponds immediately to caibohydiate 

Almost acnmonious discussion has centeied, dui mg the past yeai, 
aiound the ongmal claims of one of the American manufactuieis of 
insulin that solution of zinc insulin ciystals, lecently made available 
commercially, possesses a letaided action compaiable to that with prot- 
amine zinc insulin This claim was suppoited at fiist by seveial 
clinical leports, but fiom personal experience 57 and fiom the lepoits 
of Marble and Vaitiamen 58 and Jackson and Boyd 50 the claim in 
question definitely is discredited Jackson and Boyd 79 conducted then 
clinical expel iments under conditions with regaid to control which 
weie supenor to those imposed b}' any investigatois oi clinical obseiveis 
who reported prolongation of action foi solution of zinc insulin ciys- 
tals, and they concluded that no distinction need be made in legal d to 
the qualitative and the quantitative effects of equal unitages between 
ciystalhne and amoiphous insulin oi between the coi responding prod- 
ucts of vanous manufactuiers Maible and Vartiamen 58 reached 
similar conclusions, although they found that insulin of the ciystalhne 
type seemed to act slightly longei and that it was a desuable insulin 
fiom the standpoint of high puuty In rapidity of action it proved 
exactly comparable to amoiphous insulin Ricketts and one of us 
(Wildei 5T ) obtained blood sugai— time data aftei injection of single 
doses of two types of instThn, given without food, in a carefully selected 
gioup of diabetic patients The nature of the two types of insulin 
was undisclosed until aftei the conclusion of the expei iments The 
data failed to reveal matenal difteiences either in lapidity or in duration 
of action between these types of insulin One of them was a solution 
of amoiphous (legular) insulin and the other a solution of zinc insulin 
ciystals supplied by the Eli Lilly Company The average of all data 
obtained with a prepaiation of zinc insulin crystals (Stearns) pur- 

57 Ricketts, H T , and Wilder, R M Solutions of Amorphous Insulin and 
Solutions of Zinc Insulin Crystals Clinical Studies of the Comparative Speed and 
Duration of Action, JAMA 113 * 1310-1312 (Sept 30) 1939 

58 Marble, A , and Vartiamen, J Crystalline Insulin, JAMA 113 
1303-1309 (Sept 30) 1939 

59 Jackson, R L , and Boyd, J D Relative Efficiency of Commercial Forms 
of Insulin, Proc Soc Evper Biol & Med 41 15-16 (May) 1939 
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chased on the open maiket showed a slight but statistically significant 
pi obligation of action, although no difference in speed of action, when 
compared with the average of all data obtained aftei injection of amoi- 
phous insulin This difference was not apparent m all patients, and 
it was concluded that the slight diffeience was probably of no clinical 
importance 

The content of zinc m the various batches of insulin used in the 
expei iments of Ricketts and Wildei 57 was small and not comparable 
to that m the prepaiations of crystalline insulin, containing moie 
zinc, with which one of us (Wildei co ) previously leported retarda- 
tion of action That addition of zinc to insulin letaids its action is 
now well known 

Insulin Alleigy — As was stated by Marble and Vaitiainen, 58 ciys- 
talline insulin should give rise to fewer allergic leactions than amoi- 
phous insulin However, at piesent the market prepaiations of 
amoiphous insulin (regular insulin) are of a high degiee of punt), 
and allergic reactions from them aie much less frequent than foimeily 
Indeed, seveie allergic reactions have become unusual One was 
repoited this year by Ulnch, Hookei and Smith 01 in a nondiabetic 
person given insulin to stimulate appetite A generalized erythematous 
rash developed, with chill, substeinal pain and low blood piessure 
Sinulai reactions weie obtained with insulins of diffeient origin (beef 
and poik), also with crystalline insulin, although the leaction with 
ciystalhne insulin of beef ongm weie less severe Effectne desensi- 
tization was obtained by mtiadermal administration of minute doses 
of insulin, followed by subcutaneous injection of pi ogi essively inci eas- 
ing doses 

Rathery and associates 02 also descnbed a seveie anaph) lactic leac- 
tion Their patient had diabetes She leceived insulin m 1932 This 
at first was tolerated, but aftei two months it caused urticana, and its 
use was discontinued In 1938, insulin was admimsteied again, and ten 
minutes later the skin of the entiie upper half of the body showed 
flushing and tumefaction Subsequently a much moie seveie leaction 
was obtained with a ciude prepaiation of insulin given inti adermally 
m a dose of 0 05 cc A minimal leaction followed the admmisti ation 
of a solution of ciystalhne msulm From these observations and fiom 
the lesults of an expei imental study on animals desensitized previous!) 

60 Wilder, R M Clinical Investigations of Insulins with Prolonged Activity, 
Ann Int Med 11 13-30 (July) 1937 

61 Ulrich, H , Hooker, S B , and Smith, H H Allergic Reaction to Insulin, 
New England J Med 221 522-524 (Oct 5) 1939 

62 Rathery, F , Bargeton, D , Maschas, H, and Tunaf, J Insuhne et ana- 
phylaxie, Bull et mem Soc med d hop de Paris 55 580-588 (April 10) 1939 
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with the serum of this patient, Rathery and his colleagues concluded 
that contaminants of the insulin rather than the insulin itself were 
responsible for the reactions 

Roth and Rynearson 03 reported the successful use of histammase 
m the treatment of patients with insulin alleigy of model ate severity 
Such is the allergy in which hard, tender, led areas up to 6 inches 
(18 cm) m diametei develop at the sites of injection and persist for 
seveial days One patient took 3 tablets of histammase by mouth 
thiee times daily, and at the end of six days the local leactions had 
disappeared The suggestion is promising, but pieparations of histamm- 
ase of assuied activity have been obtainable only lecently 

Regarding reaction at the site of injection of protamine zmc insulin, 
which occuned m 16 pei cent of their cases, Kern and Langner 04 
stated that such reactions probably are not due to sensitization to prot- 
amine, because 104 patients treated with protamine zmc insulin and 
8 allergic nondiabetic patients who were found by cutaneous tests to 
be sensitive to salmon muscle protein had negative mtracutaneous 
reactions on tests with a solution of protamine The statement is in 
keeping with the piesent knowledge that piotammes have no antigenic 
properties The reactions appeared to be caused by eriois m the 
technic of injection Howevei, 2 of the patients became sensitive to 
insulin five and eight days, l espectively , after protamine zmc insulin 
was substituted for soluble insulin in the treatment of their diabetes, 
and the suggestion is made that the sensitivity to insulin was a result 
of the more prolonged action of the antigen (insulin) m the couise of 
its slower absoiption in the piecipitated state 

Levels of Control of Glycosuria — Opinion is divided shaiply as to 
the degiee of conti ol desnable when patients are leceivmg protamine 
zmc insulin Boyd and Jackson 05 expressed the belief that the regimen 
should be duected towaid the conseivation of the patient’s resources 
m their entirety and that a regimen which lequnes or condones glyco- 
suria even of a mild degree cannot be considered favorable for the 
patient’s ultimate welfare Several other wnteis have expiessed similar 
opinions On the othei hand, the danger mheient m attacks of hypo- 

63 Roth, G M , and Rynearson, E H Histamine and Histammase in the 
Treatment of Allergic Reactions to Insulin, Proc Staff Meet , Mayo Clin 14 
353-358 (June 7) 1939 

64 Kern, R A , and Langner, P H , Jr Protamine and Allergy I Nature 
of the Local Reactions After Injection of Protamine Zinc Insulin, II Induction 
of Sensitivity to Insulin by Injections of Protamine Zmc Insulin, JAMA 113 * 
198-200 (July 15) 1939 

65 Boyd, J D , and Jackson, R L Levels of Control in the Treatment of 
Diabetes Mellitus, J A M A 111 906-909 (Sept 3) 1938 
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glycemia, emphasized again by Shemll and MacKay, 60 has led many 
authorities to oppose such iigid conti ol Their position is stiengthened 
by the obviously impioved state of health of patients formeily tieated 
more rigidly with regulai insulin A variety of methods have been 
suggested for ovei coming the obvious difficulty m preventing post- 
prandial excretion of sugai when protamine zinc insulin is depended on 
exclusively and given once daily Some writeis have lecommended that 
theie be six meals daily Otheis stait the day with little caibohydiate 
and give relatively moie in the afternoon and evening A caieful study 
of the problem by Tolstoi and Webei, 07 of the Cornell Clinic, led them 
to conclude that “foi patients tieated with piotamine zinc insulin the 
guiding factoi of satisfactory tieatment should be the maintenance of 
weight, freedom fiom symptoms and absence of ketone bodies m the 
urine Glycosuria is desiiable, as it aftoids fieedom from leactions” 
We incline to agiee with this opinion but would hesitate to accept the 
degiee of glycosuria peimitted by Tolstoi and Webei and usually 
succeed m avoiding daily excretion of more than 10, 01 at most, 20 
Gm of sugar by giving some regulai (or crystalline) insulin with the 
piotamine zinc insulin in all cases m which more than 20 oi 30 units 
of insulin is lequued The piotamine zinc insulin and legular insulin 
aie mixed m one synnge according to the method descnbed by Law- 
lence and Giaham mentioned in out last yeai’s leview 1 We find this 
piocedtue to be highly satisfactoiy 

MONOGRAPHS ON DIABETES AND INSULIN 

Of intei est and to be lecommended to the student of diabetes aie 
the following monographs published m 1938 oi 1939 “Insulin Its 
Chemistiy and Physiology,” by Hans F Jensen, GS “Die Diat- und 
Insuhnbehandlung dei Zuckei ki ankheit fui Studierende und Aerzte,” 
by Fianz Depisch, 09 and the Goulstoman Lectuies on the mechanism 
of diabetes melhtus, by H P Himswoith 70 

66 Shemll, J W, and MacKay, E M Deleterious Effects of Experimental 
Protamine Insulin Shock, Arch Int Med 64 907-912 (Nov ) 1939 

67 Tolstoi, E , and Weber, F C , Jr Protamine Zinc Insulin A Metabolic 
Study, Treatment m Two Cases of Severe Diabetes by Equally and Unequally 
Divided Diets, with Comments on Criteria for Treatment, Arch Int Med 64 91- 
104 (July) 1939 

68 Jensen, H F Insulin Its Chemistry and Physiology, New York, Oxford 
University Press, 1938 

69 Depisch, F Die Diat- und Insuhnbehandlung der Zuckerki ankheit fur 
Studierende und Aerzte, ed 2, Berlin, Julius Springer, 1939 

70 Himsworth, H P The Mechanism of Diabetes Melhtus, Lancet 2 1-6 
(July 1) 1939, JI The Control of the Blood-Sugar Level, ibid 2 65-68 (July 8) , 
118-122 (July 15) 1939, III Human Diabetes Melhtus, ibid 2 171-176 (Julv 22) 
1939 
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HYPERINSULINISM AND GLYCOGENOSIS 

A numbei of lecent lepoits of msulai tumor associated with 
paioxysmal hypoglycemia have come to our attention 71 A discussion 
of the pathologic chai actei istics of msulai tumois is given by Laidlow, 72 
who designates them as “nesidioblastomas ” 

An investigation by Seckel 71t of the rate of postmortem hepatic 
glycogenolysis m 2 fatal cases, in one of which an insular caicmoma 
was found, fills a gap in piesent knowledge When one of us (Wildei ), 
with Allan, Power and Robertson, 73 descubed the ongmal case of pan- 
creatic turnoi with hypeimsulimsm, attention was called to a very high 
glycogen content in the liver, and it was suggested that an equally 
unusual case pieviously reported by Parnas and Wagner 74 might be 
one of a similai condition The case of Pamas and Wagnei, m which 
hepatomegaly, hypoglycemia, ketonuna and letaidation of giowth 
occuned m a 9 yeai old child, is now legal ded as the fiist case of glyco- 
genosis (glycogen disease, von Gieike’s disease) to be descubed It 
was learned latei that a fundamental abnormality in glycogenosis is 
inhibition m vivo and post mortem of hepatic glycogenolysis, and m 
discussions of its genesis hypeimsulimsm, time and again, has been 
suggested as lesponsible Not detei mined, howevei, eithei in the 
ongmal case oi in any of the numeious cases of hypermsulmism which 
subsequently have been lepoited, was whether postmoitem glycogen- 
olysis was abnoimal in hypeimsulimsm This, Seckel 71e investigated 
m his cases One was an instance of caicmoma of the islands of 
Langeihans, the othei, a case of “neurogenic hypei 111511111115111 ,” in 
which a massive fibioma was found on the dome of the light lobe of 
the livei Compaiatively high contents of glycogen weie encounteied 

71 (op) Jirasek, A, and Postranecky, O Un cas d’adenome des dots de 

Langerhans, diagnostic, operation, guenson, Presse med 46 671-672 (Aprd 27) 
1938 ( b ) Parade, G W, and Kindler, K Inselzellenadenom, dutch Operation 

geheilt, Klin Wchnschr 17 810-813 (Tune 4) 1938 (c) Fraser, R , Macley, W S, 
and Mann, S A Hypermsulmism Due to a Pancreatic Islet Adenoma, Quart J 
Med 7 115-135 (Jan) 1938 ( d ) Malamud, N, and Grosh, L C, Jr Hyper- 

msulmism and Cerebral Damage Report of a Case Due to an Islet Cell Adenoma 
of the Pancreas, Arch Int Med 61 579-599 (April) 1938 ( c ) Seckel, G 

Postmortem Hepatic Glycogenolysis in Hyperinsulinism and Glycogen Disease, J 
Clin Investigation 18 723-731 (Nov ) 1939 (/) Campbell, W R , Gradam, R R , 
and Robinson, W L Islet Cell Tumor of the Pancreas, Tr A Am Physicians 
54 304-319, 1939 

72 Laidlow, G F Nesidioblastoma, the Islet Tumor of the Pancreas, Am J 
Path 14 125-134 (March) 1938 

73 Wilder, R M , Allan, F N , Power, M H , and Robertson, H E Carci- 
noma of the Islands of the Pancreas Hypermsulmism and Hypoglycemia J A 
M A 89 348-355 (July 30) 1927 

74 Parnas, J IC , and Wagner, R , cited by Seckel 71e 
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m the liver and muscle in both cases, but postmortem hepatic glyco- 
genolysis was approximately normal or only slightly decreased Seckel’s 
conclusion is that neither form of “hypermsuhnism” can be identified with 
typical glycogenosis and that typical glycogenosis cannot, therefore, 
originate from either form of “hypermsulimsm ” 

An important review of the liteiatuie on glycogenosis was published 
recently by van Creveld, 76 who with Snapper 76 gave the first clinical 
repoit of a case of the disease m 1928 

DIABETES INSIPIDUS 

The important studies of Fisher, Ingiani and Ranson, of Noith- 
western University Medical School, now are assembled m a mono- 
graph 77 The work of these authois seems to have established that 
the posterior lobe of the pituitary is an endocrine gland with an anti- 
diuretic role m water metabolism and to have defined diabetes insipidus 
as a syndrome of pituitaiy insufficiency caused by diminution oi 
absence of the antidiuretic hormone of the posterior lobe When the 
posterior lobe of the pituitary body is extirpated or undergoes atrophy 
as a lesult of a lesion of the hypothalamus m which the supiaoptical 
hypophysial tracts are intei rupted, diabetes insipidus follows 

Swann and Penner 78 conducted experiments which throw into 
relief the significance m diabetes insipidus of the intake of certain 
salts, notably sodium chloride and sodium bicarbonate Postopei ative 
diabetes insipidus m the rat seldom results m the daily exchange of 
500 cc of fluid per kilogiam of body weight, but on administration 
of sodium chloride amounts of fluid exceeding 1,000 cc per kilogram 
per day are not uncommon Such quantities are equal m weight to 
the animal’s body Recovery from posthypophysectomy diuresis is 
usually noted, but diuresis from admmisti ation of salt after hypophy- 
sectoni}'-, once initiated, continues unchecked Posterioi pituitary pre- 
vents these saline aggravations of the diabetes Fasting and diets 
low in sodium chloride suppiess but do not entirely prevent the dia- 
betes The suggestion is made by Swann and Penner 78 that the changes 
m the watei metabolism m diabetes insipidus are secondary to changes 

75 van Creveld, S Glycogen Disease, Medicine 18 1-128 (Feb ) 1939 

76 van Creveld and Snapper, cited by van Creveld 75 

77 Fisher, C , Ingram, W R , and Ranson, S W Diabetes Insipidus and 
the Neuro-Hormonal Control of Water Balance A Contribution to the Structure 
and Function of the Hypothalamico-Hypophyseal System, Ann Arbor, Mich , 
Edwards Brothers, Inc, 1938 

78 Swann, H G, and Penner, B J The Effect of Salts on the Diabetes 
Insipidus Following Posthypophysectomy in the Rat, Endocrinology 24 253-259 
(Feb ) 1939 , Sodium Chloride and Diabetes Insipidus, Am J Physiol 126 341- 
346 (June) 1939 
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in the metabolism of sodium chloride Swann and Johnson 79 obseived 
fuither that thyroidectomy mteifered only slightly, if at all, with an 
existing salt-aggiavated diabetes insipidus m the rat, even when it 
caused the oxygen consumption to deciease 44 per cent Clinically 
it is generally lecogmzed that intake of sodium chloride affects signifi- 
cantly the seventy of diabetes insipidus In some few cases satisfactory 
control can be obtained by restriction of salt alone In many more 
the effectiveness of posterior pituitary may be improved by restriction 
of salt 

It is repoited from France by Decouit and his associates 80 that 
the watei content of erythrocytes in cases of diabetes insipidus is 
increased from 4 to 6 pei cent by injections of a solution of posterior 
pituitary This mciease occurs without any appieciable hydremia of 
the plasma or parallel increase of the chlorides of the cells The sub- 
ject demands further study The observation suggests that one effect 
of posterior pituitaiy is on the capacity for binding water of the intra- 
cellular colloids of the tissues m geneial 

A case of diabetes insipidus leported by Bernstein and co-workers 81 
is of intei est in that neciopsy revealed the hypophysis and infundibulum 
to be invaded by metastatic carcinoma with Complete sparing of the 
hypothalamus 

Diabetes insipidus and diabetes mellitus are laiely encounteied m 
the same case A review of the literatuie by Gieene and Gibson 82 
revealed only 20 examples Gieene and Gibson added another in which 
pregnancy was associated with the simultaneous development of both 
diabetes mellitus and diabetes insipidus Injection of a solution of 
posterior pituitary induced labor Another instance of the coexistence 
of diabetes mellitus and diabetes insipidus was repoited by Rutledge 
and Rynearson 83 In the same report attention was again called to 

79 Swann, H G , and Johnson, P E Thyroid Function in Diabetes Insipidus 
in the Rat, Endocrinology 24 397-403 (March) 1939 

80 Decourt, J , Guillaumin, C O, and Bernard, J Variations de l’hydiemie 
globulaire et plasmatique sous l’lnfluence de l’extrait post-hypophysaire dans deux 
cas de diabete msipide, Presse med 47 795 (May 24) 1939 

81 Bernstein, M , Moore, M T , and Fishback, D B Diabetes Insipidus as a 
Sign of Metastatic Involvement of the Supraopticohypophysial System, Arch Int 
Med 62 604-617 (Oct ) 1938 

82 Greene, J A, and Gibson, R B Co-Existence of Diabetes Mellitus and 
Diabetes Insipidus, J Lab & Clm Med 24 455-457 (Feb ) 1939 

83 Rutledge, D I , and Rynearson, E H Diabetes Insipidus I Co-Existence 
of Diabetes Mellitus and Diabetes Insipidus, II Treatment by Insufflations of 
Powdered Posterior Pituitary Substance, Proc Staff Meet , Mayo Clin 14 441-446 
(July 12) 1939 
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the value of insufflation of desiccated posterior pituitaiy in the treat- 
ment of diabetes insipidus This type of therapy received attention 
m an eailiei review 11 

GOUT 

Gout is included among the subjects considered m the fifth “theu- 
matism leview” piepared b}'- the editorial committee of the Amencan 
Rheumatism Association 84 A sixth “rheumatism review” is scheduled 
for publication eail} in 1940 These extensive papeis covei the sub- 
ject of gout moie adequately than we have space to do and are accom- 
panied by cutical editorial comments Since they are leadily available 
to most of oui leaders, those mteiested aie leferied to them 

Little piogiess has been made m the study of gout The etiology 
of this disease is still obscure, and even the established causes are 
ill defined The diagnosis is attended with unceitamty m many cases, 
lecent papeis on the beneficial effect of punne-free diets and diets 
low m fat and high in carbohydiate lepiesent restatements, foi the 
most part, of what has been known for many yeais The subject 
leceived editonal comment m the Lancet SD The lack of progress is 
attributed laigel} to lack of mteiest The whole field lies fallow, await- 
ing some such discoveiy as occuned in l elation to diabetes and pei- 
mcious anemia 

Worthy of comment is a paper by Price, 80 who again called atten- 
tion to the piovocation of gout by diuresis induced with salyigan Five 
cases weie descnbed m which theie was a histoiy of gout and m 
which attacks of gout followed admimstiation of salyigan As satyrgan 
usually is given to patients with caidiac failure, the outcome of the 
complication is geneially unfortunate The suggestion is offered that 
eithei gout develops only aftei forced diuresis in a patient aheady m 
the teimmal stages of cardiac failuie or the attack has some deletenous 
action on the heart In either case the wisdom of using meicunal 
diuretics for patients giving a histoiy of gout is questioned 

OBESITY 

A neai lecoid m therapeutic 1 eduction of weight was lepoited by 
Short 87 His patient, a woman aged 32 yeais, was l educed fiom 395 j4 

84 Hench, P S , Bauer, W , Dowson, M H , Hall, F , Holbrook, P , and 
Key, J A The Problem of “Rheumatism” and Arthritis Review of American 
and English Literature for 1937 (Fifth Rheumatism Review, Part II), Ann Int 
Med 12 1295-1374 (Feb) 1939 

85 Gout, editorial, Lancet 1 35 (Jan 7) 1939 

86 Price, N L Gout Following Salyrgan Diuresis, Lancet 1 22-23 (Jan 7) 
1939 

87 Short, J J Extreme Obesity Followed by Therapeutic Reduction of Two 
Hundred and Thirty-Nine Pounds, JAMA 111 2196-2197 (Dec 10) 1938 
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pounds (180 Kg ) to 156^4 pounds (71 Kg ) in twenty months Theie 
was piogiessive impiovement in health throughout the period and 
latei The diet was of the type pioposed by Stiang and Evans 88 Less 
than 600 calones were given, but supplementary vitamins were used 
m concentrated foims Thyioid was used m the latter part of the 
penod, the comment being made that thyioid is not well toleiated 
eaily because the metabolism in obesity actually is elevated The eleva- 
tion is m piopoition to the mci eased suiface aiea In the case undei 
discussion the production of heat was originally 56 pei cent gieatei 
than v hat would be noimal foi a person of the patient’s height and 
age if she weie at noimal weight Such pioduction of heat would be 
encounteied m a person of noimal weight with hyperthyioidism, the 
basal metabolic late being 56 per cent Many patients who aie 
ovei weight exhibit symptoms also found with hypeithyroidism, namely, 
hypei tension, tachycaicha and diminished toleiance of dextiose These 
symptoms may be duectly related to the hypei metabolism 

An mtei estmg discussion of the causes of obesity is contained m 
a papei by Gieene, 80 in which obseivations w^eie made on 350 patients 
The high peicentage of patients (67 5) who gave a histoiy of dimin- 
ished activity while they weie gaming weight indicates, according to 
Gieene, that m many cases “endogenous” obesity would be eliminated 
by a moi e detailed histoiy The story of mci eased intake of food, 
on the other hand, was obtained in only 3 2 pei cent of the patients 
The etiologic lole of alteiations m the thyioid, pituitary and ovanan 
secietions or of lesions m the hypothalamus was legarded as doubtful 
in all but veiy few cases Diets low m calones were followed for an 
adequate tune by 146 of the patients with satisfactory loss of weight, 
irrespective of whethei the obesity was associated at the onset with 
a glandular distuibance oi with chronic encephalitis 

XANTHOMATOSIS (LIPOID DISEASE) 

Mullei, 00 piompted by investigations of Harbitz into the deposition 
of xanthomatous substances m the body and aware of the fiequent 
occurience of angina pectons m patients with cutaneous xanthoma 
tubeiosum, was impiessed with the familial charactei of the associ- 
ation In two yeais he has collected 76 cases of xanthomatosis m 
only 17 families In 68 of the patients signs of heait disease weie 

88 Stiang and Evans, cited by Short 87 

89 Greene, J A Clinical Study of the Etiology of Obesity, Ann Int Med 
12 1797-1803 (May) 1939 

90 Muller, C Angina Pectoris in Hei editary Xanthomatosis, Arch Int Med 
64 675-700 (Oct ) 1939 
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found and m 59 of these angina pectoris It seems to be Muller’s 
opinion that xanthomatous deposits m the coronary aiteries accounted 
for the angma, and that in 5 patients similai deposits on the valves 
of the heart weie lesponsible for the valvular disorders Most of the 
patients were in business or professions Not one was of the “woilang 
classes,” although much of Muller’s piactice is among peisons of the 
woikmg class 

This observation reported by Muller 90 impresses u& as being of 
unusual importancce Interest in this disease has been limited, heie- 
tofore, largely to our colleagues m dermatology It clearly is a con- 
dition which demands moie geneial attention, as was emphasized m 
an eailier review 50 The full-blown disease may involve many organs, 
the damage it does depends on the location of the accumulations of 
lipoid In a case repoited by Layam and associates 91 the extent of 
xanthomatous accumulations was remarkable Theie were manifesta- 
tions of (1) osteoaithrosis (lipoid material with doubly lefractmg 
crystals was aspnated fiom joints), (2) biliary xanthoma with cir- 
lhosis, (3) cutaneous xanthoma tuberosum, (4) vasculai xanthoma 
with atherosclerosis and (5) hypeilipoidemia The values foi blood 
lipoids were total lipoid, 4 880 Gm per hundred cubic centimeters, 
cholesterol, 1 340 Gm , cholesterol esters, 0 389 Gm , phosphohpoid, 
0 788 Gm 

This disease has been observed in a number of patients with diabetes 
mellitus, but its occurience is by no means limited to such patients 
In Layani’s 91a case the values of the blood sugar during fasting were 
normal, and no othei evidence of diabetes could be obtained Layam 
and his associates 91b wei e inclined to the view that xanthomatosis 
depends on abnormal metabolic activity of the reticulo-endothelial cell 
They ascribed, however, a dynamic component to this, considering 
that the abnormality involves something more than simple engoige- 
ment with lipoid They further suggested that an alleigic influence 
may be involved, an opinion based on studies made by Schmidt 92 
Schmidt, using sensitized animals for the expenmental production of 
xanthomatosis, was able m a few days (two weeks) and with lelatively 
small doses of cholesterol to obtain a degree of lipoid infiltration of 
aiteries which otherwise with larger doses of cholesterol would occur 
only after seveial months 

91 (a) Layam, F Le rhumatisme chronique deformant xanthomateux, Bull et 

mem Soc med d hop de Paris 55 343-3SS (March 13) 1939 ( b ) Layam, F , 

Laudat, M , and Astruc, P Sur un cas de maladie xanthomateuse, ibid 55 355- 
367 (March 13) 1939 

92 Schmidt, H , cited by Layam, Laudat and Astruc 91 
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II NUTRITION 
By Dr Butt 

The gieatest efforts in the field of nutrition dui mg the past yeai 
have continued to be directed towaid a further study of the chemical 
and physiologic piopeities of the vitamins and also toward clinical 
application of this knowledge The magnitude of these effoits pio- 
hibits complete survey of each field of nutution and thus limits the 
present leview to those studies which aie of most mteiest to clinicians 

Of the many intei estmg advances m the woik on nutution during 
the past yeai, the isolation and the synthesis of vitamins B c and K 
and the theiapeutic application of vitamins B G , K and riboflavin have 
been peihaps the most outstanding Many other advances in the study 
of nutution have afforded a new outlook on seveial diseases, and these 
will be consideied 

VITAMIN A 

Chemical and '-Physiologic Properties — In addition to vitamin A, 
vitamin A, has been lepoited, and during the past year most advances 
m the chemical investigation of vitamin A have concerned its partner, 
vitamin A 2 Biologically, vitamins A (A x ) and A 2 aie the same, 
chemically, they are different 93 

In addition to the large amounts of vitamin A found in the livei 
oils of fish, Lovein and Moi ton 94 demonstiated the presence of laige 
deposits m the tunica piopria of the mucosa of the intestines of fish 
Lease and his associates 95 reported that pure carotene, vitamin A and 
piecuisors of vitamin A are destioyed in lancid fats and that heating 
of fats to the temperatuies which aie used frequently in cooking 
destroys vitamin A to some extent, however, to what extent harmful 
lancidity develops during stoiage of food awaiting sale and consump- 
tion lemains to be established 

In an excellent study dealing with the effects of various amounts 
of ingested liquid petiolatum on the absoiption of carotene from the 
gasti omtestmal tiact in man, Cuitis and Kline 90 showed that liquid 
petrolatum, given m amounts of 20 cc three times daily oi twice daily 
before meals, or mixed with carotene, pi events absorption of carotene 
from ingested materials Interesting enough, little, if any, effect on 

93 Gillam, A E The Vitamm At and A 2 Contents of Mammalian and Other 
Animal Livers, Biochem J 32 1496-1500 (Sept) 1938 

94 Lovern, J A , and Morton, R A The Distribution of Vitamins A and As 
III, Biochem J 33 330-337 (March) 1939 

95 Lease, E J , Lease, J G , Weber, J , and Steenbock, H Destruction of 
Vitamin A by Rancid Fats, J Nutrition 16 571-583 (Dec ) 1938 

96 Curtis, A C , and Kline, E M Influence of Liquid Petrolatum on Blood 
Content of Carotene in Human Beings, Arch Int Med 63 54-63 (Jan ) 1939 



418 


ARCHIVES OF INTERNAL MEDICINE 


the concentiation of carotene in the blood was demonstrated when 
liquid peti datum was given in a single dose of 30 cc at bedtime 
This study emphasized the impoitance of not giving liquid peti datum 
at any time of day when it may be mixed with food m the gastro- 
intestinal tract Andersen 97 has leported similai studies 

Heifort 98 made an nitei estmg study on the effect of vitamin A 
on panel eatic secietion He reported that the secietion of the panel eas 
pioduced by ingestion of SO units of secretin was no gieatei than 
that produced by ingestion of 20,000 units of vitamin A The effect 
on secretion was noticed ten to fifteen minutes aftei ingestion and 
lasted forty to fifty minutes Vitamin A adnnnisteied mtiamusculaily 
produced the same lesults, but moie slowly Vitamin D had no such 
effect 

From several sources it appeals that the distribution of vitamin A 
m the cn culating blood and tissues is conti oiled m pait by the nervous 
system Dnect excitation of the pneumogastnc neive causes discharge 
of vitamin A into the cn culatmg blood, 99 and if animals aie excited 
the content of vitamin A m the blood is greatei than noimal 100 

Effect of Deficiency on Neivous System — Deficiency of vitamin 
A apparently has a piofound effect on the neivous system Mellanby 305 
was able to produce deafness in young puppies by a diet deficient in 
vitamin A, and m the labynnths of these animals degeneiation of the 
cochlear neuions was the most obvious pathologic change The woik 
on rats by Irving and Richards 102 indicates that degeneration of the 
medulla oblongata is one of the fundamental lesions of vitamin A 
deficiency 

Vitamin A Requirements of Man — The exact minimal vitamin A 
lequnement of man is still unknown Boohei and his associates, 103 

97 Andersen, O Effect of Administration of Liquid Paraffin on the Absorption 
of Vitamin A in Human Subjects, Hospitalstid (supp ) 81 29-41, 1938, abstracted, 
Nutrition Abstr & Rev 8 750 (Jan ) 1939 

98 Herfort, K L’infiuence de la vitamine A sur la secietion externe du 
pancreas, Acta med Scandinav 96 425-437, 1938 

99 Chevallier, A Les facteurs de variation de la reserve hepatique en vitamine 
A (en paiticulier l’influence du systeme nerveux), Nutrition 7 1 43-146, 1937 

100 Troitzki, G V Influence of the Nerves on the Vitamin A Content of 
Blood, Bull biol med exper U S S R 5 360-362, 1938, abstracted, Nutrition 
Abstr & Rev 8 601 (Jan ) 1939 

101 Mellanby, E The Experimental Production of Deafness m Young Ani- 
mals by Diet, J Physiol 94 380-398 (Dec 14) 1938 

102 Irving, J T , and Richards, M B Earlj Lesions of Vitamin A Defi- 
ciency, J Physiol 94 307-321 (Dec 14) 1938 

103 Booher, L E , Calhson, E C , and Hewston, E M An Experimental 

Determination of the Minimum Vitamin A Requirements of Normal Adults, J 

Nutrition 17 317-331 (April) 1939 
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in a study of 5 adult peisons maintained on weighed diets adequate 
in all known food essentials except vitamin A, found that an aveiage 
daily intake of vitamin A of not moie than 103 international (U S P 
XI) units lesulted in unmistakable signs of impaiied adaptation to 
dark The daily intake of vitamin A m the foim of cod livei oil plus 
vitamin A supplied by the food which was necessary for the main- 
tenance of noimal adaptation to dailc vaiied m the 5 persons studied 
between the limits of 25 and 55 international units pei kilogram of 
body weight, the daily intake of carotene expressed in terms of inter- 
national units of vitamin A varied m the 5 persons studied between 
the limits of 43 and 103 pei kilogiam of body weight Unit for unit 
the caiotene and cottonseed oil weie about 50 to 60 pei cent as effective 
m supporting noimal adaptation to daik as vitamin A m the form of 
cod livei oil McKenzie 104 also suggested that vitamin A exei ts a 
moie lapid and poweiful action in causing disappeaiance of clinical 
signs of vitamin A deficiency than vegetable caiotene, and Mead 305 
and Undeihill and Coward 100 found vitamin A to be twice as effective 
as betacarotene No untoward effects fiom overdoses of vitamin A 
have been leported liaig and his associates 107 have given as much 
as 500,000 units of vitamin A m a single dose without ill effect 

Effect on Specific Oigans — (a) Eyes The heated aigument con- 
cerning the merits of adaptation to daikness as a test foi vitamin A 
deficiency continues This, as Josephs 108 well stated, may be due to 
the fact that we have not yet a method for detei mining deficient stor- 
age of vitamin A Night blindness continued to be tieated success- 
fully with vitamin A by Vaillant and Gillis, 100 and otheis 110 leempha- 
sized that the measuiements of adaptation to daik made undei cntically 

104 McKenzie, A An Examination of Vitamin A Deficiency Among African 
Natives by the Visual Dysadaptation Test, Tr Roy Soc Trop Med & Hvg 32 
717-728 (April) 1939 

105 Mead, T H Crystalline Esters of Vitamin A I Preparation and Prop- 
erties, Biochem J 33 589-594 (April) 1939 

106 Underhill, SWF, and Coward, K H Crystalline Esters of Vitamin 
A II Biological Potency, Biochem J 33 594-600 (April) 1939 

107 Haig, C , Hecht, S , and Patek, A J Jr Vitamin A and Rod-Cone Dark 
Adaptation in Cirrhosis of the Liver, Science 87 534-536 (June 10) 1938 

108 Josephs, H W Studies in Vitamin A Relation of Vitamin A and Caro- 
tene to Serum Lipids, Bull Johns Hopkins Hosp 65 112-124 (July) 1939 

109 Vaillant, C, and Gillis, L Night-Blindness Treated with Vitamin A 
Lancet 1 149-150 (Jan 21) 1939 

110 Hecht, S, and Mandelbaum, J The Relation Between Vitamin A and 
Dark Adaptation, JAMA 112 1910-1916 (May 13) 1939 Caussade, L , 
Neimann, N , Thomas, C, and Davidsohn Recherches sur les tests oculaires 
d’hypovitammose A chez les enfants d’age scolaire, Rev frang de pediat 14 209- 
223, 1938, abstracted, JAMA 112 676 (Feb 18) 1939 
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standardized conditions can be used as an aid m diagnosis of avitamin- 
osis A whether this is produced by lack of vitamin A m the diet or 
by functional disarrangements m the flow of vitamin A from the diet 
to the retina New photometers and rapid visual tests for measunng 
the rate of adaptation to dark were descnbed by Thomson, Griffith 
and associates 111 and Pett, 112 but others, among them Snellmg, 113 still 
contended that the results obtained by using the biophotometer are too 
inconsistent to allow one to regard it as a satisfactoiy instrument for 
measuring vitamin A nutrition 

It is extremely interesting that although pathologic adaptation to 
dark is noted often among patients with vanous diseases and in various 
states of undernuti ltion, yet results of attempts to pioduce pure vitamin 
A deficiency m man as measured by adaptation to dark have been for 
the most pait controvei sial Jung and Isaacs 111 reported a study on 
3 students who were placed on a diet deficient m vitamin A for one 
month Adaptation to daikness was measuied five times a week on 
the new Hecht adaptometei Many fluctuations weie noted dui mg 
the month, but the normal conti ol cuives had the same drift Doses 
of vitamin A up to 300,000 intei national units showed no effect on the 
measurements obtained by adaptometer After fifty-foui days on the 
deficient diet, the students continued to take vitamin A for one month 
at a larger dosage, but still no effect on the adaptation curves was 
obseived These authois concluded that it was unlikely that the mea- 
surement of adaptation to darkness provided a way of measunng the 
nutrition status of persons with respect to vitamin A 

Steffens and his associates 115 repoited that the thresholds of light 
intensity and the curves of adaptation to dark of 3 healthy adults were 
not affected sigmfiantly during their maintenance on a diet very low m 
vitamin A over peiiods of forty-four, one hundred and sixty and one 
hundred and ninety days, lespectively They reported that the per- 
sons studied were able to withstand consideiable periods of deficiency 
m intake of vitamin A so far as concerned significant changes m retinal 
sensitivity They did find, however, that microscopic examination of 

111 Thomson, A M , Griffith, H D , Mutch, J R , Lubbock, D M , Owen, 
E C , and Logaras, J A Study of Diet in Relation to Health , Dark Adaptation 
as an Index of Adequate Vitamin A Intake, II A New Photometer for Measur- 
ing Rate of Dark Adaptation, Brit J Ophth 23 461-478 (July) 1939 

112 Pett, LB A Rapid Visual Test for Vitamin A Deficiency, Nature, 
London 143 23 (Jan 7) 1939 

113 Snellmg, C E The Biophotometer as a Test for Vitamin A Deficiency, 
J Pediat 13 506-509 (Oct) 1938 

114 Jung, F T, and Isaacs, B L Measurement of Vitamin A Deficiency in 
Man, Proc Inst Med Chicago 12 317-318 (March 15) 1939 

115 Steffens, L F , Bair, H L, and Sheard, C Photometric Measurements 
on Visual Adaptation in Normal Adults on Diets Deficient m Vitamin A, Proc 
Staff Meet, Mayo Clm 14 698-704 (Nov 1) 1939 
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the skin of the subject who was on a diet low m vitamin A for one 
hundied and ninety days levealed changes which generally occur m 
the late stages of A avitaminosis The authois suggested that the 
noi mal values of sensitivity to light may be maintained over a consider- 
able period of time, perhaps through the utilization of carotene in 
vitamin A pieviously deposited in the skin and fatty tissues, and that 
the minimal lequnements of these substances for proper visual func- 
tion may be much less than has been believed heietofore 

In contrast to these studies, Wald and Steven 110 repoi ted an excel- 
lent study on a subject whose diet was deficient in vitamin A, in which 
adaptation to darkness was measured They found that each day of 
the deficient diet a constant fraction of what rhodopsm and vitamin A 
lemamed was lost These investigated s stated that vitamin A is the 
piecuisor of photopigments m addition to lhodopsm They fuither 
demonstrated that 

The first observable symptom of vitamin A-deficiency in man and other mam- 
mals is a rise of visual threshold known as night-blindness This lesponse is 
based at least in part on the direct participation of vitamin A in a retinal cycle 
with the photosensitive pigment of the rods, rhodopsm As the level of 

vitamin A falls on a deficient diet, the concentrations of all components of the 
retinal cycle, including rhodopsm, decrease and the visual threshold reciprocally 
rises 

( b ) Livei It has been well established that the liver enacts a major 
lole m the metabolism of vitamin A, but the exact manner m which this 
is accomplished is still unknown 

Thorbjamarson and Diummond 117 reported that the storage of 
vitamin A and its subsequent deposit m the liver of the rat ai e facilitated 
by the piesence of fat in the diet and further that on giving choline to 
rats they noted a lapid depletion of the vitamin A reserve This sug- 
gests that fat leaving the livei m lesponse to choline takes some vitamin 
A with it Lease and Steenbock 118 were unable to confiim these obser- 
vations 

As eaily as 1895 Hori 119 had made the clinical obseivation that not 
mfiequently night blindness and keratomalacia accompany disease of the 
liver, and forty years later Patek and Haig, 120 using modem methods 

116 Wald, G, and Steven, D An Experiment in Human Vitamin A-Defi- 
ciency, Proc Nat Acad Sc 25 344-349 (July) 1939 

117 Thorbjamarson, T, and Drummond, J C Conditions Influencing the 
Storage of Vitamin A in the Liver, Biochem J 32 5-9 (Jan ) 1938 

118 Lease, E J, and Steenbock, H Diet and Rate of Depletion of Hepatic 
Vitamin A, J Nutrition 17 85-90 (Jan ) 1939 

119 Hori, cited by Haig, Hecht and Patek 107 

120 Patek, A J , Jr , and Haig, C The Occurrence of Abnormal Dark Adap- 
tation and Its Relation to Vitamin A Metabolism m Patients with Cirrhosis of the 
Liver, J Clin Investigation 18 609-616 (Sept ) 1939 
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of measuring vitamin A deficiency, reported that 19 of 24 patients with 
alcoholic cmhosis without jaundice had subnoimal poweis of adapta- 
tion to daikness, which improved on adequate administration of vitamins 
Others have i epeatedly demonstrated that the vitamin A m the liver 121 
and m the blood 122 of patients with seveie hepatic mjuiy is nearly always 
maikedly decreased, while m the urine it is mci eased 123 

Monceaux 124 suggested that since pathologic conditions of the liver 
result m incomplete ti ansfoi mation of caiotene into vitamin A, fish liver 
oils should be given preference over caiotene in the treatment of hepatic 
disease 

Of some interest is the observation 125 that injections of msulm lead 
to a diminution m the vitamin A content of the liver of the noimal guinea 
pig, and less of the vitamin A fed is stored in the animal treated with 
msulm than m the untreated one The conversion of carotene to vitamin 
A is said to be stimulated by msulm 

( c ) Epithelium A majority of investigators have failed to find any 
relation between the piesence of stones in the unnaiy tract and a diet 
deficient m vitamin A, however, Ezickson and Feldman 12G have found 
a high percentage of peisons with unnaiy hthiasis to have a deficiency 
of vitamin A Renal and uieteral calculi were pioduced in 9 of 35 guinea 
pigs on a diet deficient in vitamin A This deficiency appaiently causes 
hypeiplasia, then metaplasia and finally atrophy of the pelvic and 
uieteral mucosa Large plaques of desquamated epithelium appaiently 
acted as nidi for the development of calculi The stones pioduced in 
the animals were made of calcium carbonate, there was no evidence of 

121 Moore, T Vitamin A and Carotene XIII The Vitamin A Reserve of 
the Adult Human Being in Health and Disease, Biochem J 31 155-164 (Jan ) 

1937 

122 Chevalher, A , Olmer, J , and Vague, J Sur la valeur diagnostique et 
pronostique du taux de l’hemovitamine au cours des hepatites, Bull et mem Soc 
med d hop de Paris 55 928-932 (June 19) 1939 Lasch, F Ueber den Vitamin 
A-Spiegel lm Blute bei Leberkrankheiten, Klin Wchnschr 17 1107-1108 (Aug 6) 

1938 

123 Boiler* R , Brunner, O , and Brodaty, E Ueber die Ausscheidung von 
Vitamin A im Harn, Wien Arch f inn Med 31 1-22, 1937 

124 Monceaux, R H Difficulte de transformation du carotene en facteur A 
au cours de nombreux etats pathologiques , consequences therapeutiques, J de 
pharm et chim 28 297-302, 1938, abstracted, Nutrition Abstr & Rev 8 1062 
(April) 1939 

125 Bauereisen, E Untersuchungen uber den Einfluss des Insulins auf die 
Carotin-Vitamm-A-Bestande der Leber, Endoknnologie 21 247-252, 1939 

126 Ezickson, W J , and Feldman, J B Further Studies of Vitamin A Defi- 
ciency in Individuals with Urinary Lithiasis A Report of Further Clinical Studies 
and Investigations on Thirty-Six Patients, Urol & Cutan Rev 43 302-304 (May) 

1939 
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infection 127 Although this work has not been accepted generally, it 
may, as stated m a recent aiticle, 12S shed light on the causation of clinical 
urolithiasis t 

In several lepoits during the past yeai mention was made of the 
efficacy of vitamin A m the treatment of cutaneous diseases in man 120 

Oppei 130 pioduced vasculai disease in lats by multiple depletion of 
vitamin A The vasculai disease appaiently was due to the loss of 
elasticity, the foimation of firm intramural plaques and the toituosity of 
the vessels 

Micro-ophthalmia has been noted in rats whose motheis weie on a 
diet depleted m vitamin A , 131 and Mutch and Richards 132 observed 
keiatoconus as a sequel to acute xei ophthalmia m rats on a diet deficient 
m vitamin A Spies 133 leported that among 50 patients with long-con- 
tmued dietary depnvation theie developed photophobia, burning and 
itching of the eyes, and ledness, which weie collected by the adminis- 
tration of i itamm A 

(d) Thyroid A numbei of yeais ago Fasold and Heidemann 131 
noted that the milk fi om goats, which is normally pui e vdnte, is yellowish 
aftei thyi oidectomy , notwithstanding the fact that the diet is noimal 
The latter coloi is due to failuie to convert carotene into vitamin A A 
few 3 'eai s latei it was suggested that the thyi oid hoi mone was essential 
foi the eonveision of caiotene and also foi the storage of vitamin A in 
the liver Later caiotenemia was obseived m cases of hypei thyi oidism , 180 
and stuffing geneial improvement of patients with hypei thyroidism fol- 
lowed the administration of diets rich in vitamin A 130 It has been 

127 Steiner, M , Zuger, B , and Kramer, B Production of Renal Calculi 
in Guinea Pigs by Feeding Them a Diet Deficient in Vitamin A, Arch Path 27 
104-114 (Jan) 1939 

128 Renal Calculi in Vitamin A Deficiency, Current Comment, JAMA 
112 1S9S (April 22) 1939 

129 Rao, M V R Treatment of Phrynoderma by Vitamin- A Concentrate, 
Indian M Gaz 73 461-463, 1938 

130 Opper, L Experimental Vascular Disease in Rats Produced by Multiple 
Depletions of Vitamin A, Proc Soc Exper Biol & Med 40 449-450 (March) 
1939 

131 Browman, L G The Reproductive Performance of Albino Rats with 
Previous Vitamin A Depletion Histories, Am J Physiol 125 335-338 (Feb ) 1939 

132 Mutch, J R , and Richards, M B ICeratoconus Experimentally Produced 
in the Rat by Vitamin A Deficiency, Brit J Ophth 23 381-387 (June) 1939 

133 Spies, T D A Note on the Ocular Symptoms Occurring from Malnutri- 
tion in Human Beings, Am J M Sc 198 40-41 (July) 1939 

134 Fasold, H , and Heidemann, E R Ueber die Gelbfarbung der Milch 
thyreopriver Ziegen, Ztschr f d ges exper Med 92 53-56, 1933 

135 Anderson, H H, and Sole}', M H The Effects of Carotenemia on the 
Function of the Thyroid and the Liver, Am J M Sc 195 313-318 (March) 1938 

136 Soslan, S, and Mirsky, I A Medical Treatment of Hyperthyroidism with 
High Fat Diet, JAMA 110 1337-1338 (Apul 23) 1938 
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reported lepeatedly that the vitamin A in the blood of cretins is of 
decreased concentration or absent, whereas the value for carotene usually 
is high From this, it may be assumed that the insufficiency of the 
thyroid piohibits the conversion of carotene into vitamin A Histologic 
expei iments on rats’ livers revealed a definite antagonism between 
thyroxin and vitamin A m regard to glycogen content and the number 
of mitotic figures, 137 and the decline m concentiation of seium lipase 
which follows the injection of thyroxin into rats can be prevented by 
the injection of vitamin A 13S Wohl and Feldman 130 in a clinical study, 
using adaptation to dark, showed that hyperthyroidism depletes and 
destroys vitamin A reserve, as evidenced by pathologic adaptation to dark 
in 18 of 20 patients with thyrotoxicosis Six patients with autonomic 
imbalance had noimal adaptation to dailc despite elevated basal metabolic 
lates, and 7 patients with hypothyroidism had markedly pathologic adap- 
tation The conclusion drawn from these studies is that the thyroid 
hormone is essential for the conversion and stoiage of vitamin A 

Vitamin A m Health and Disease — Clausen and McCoord 140 
leported that carotene and xanthophyll may pass through the placenta 
to the fetus and that vitamin A itself may follow a similai coui se They 
also found that noimal infants and older persons could readily absorb 
caiotene fiom the diet but that the late of absorption is slower than the 
late of absorption of vitamin A They suggested that the loweied con- 
centration of caiotene found in infants dui mg the first six months of 
life and m the winter months might be due to the low caiotenoid content 
of the diet m early infancy and m the wmtei months The mean con- 
centiation of vitamin A in the plasma of noimal man apparently leaches 
a constant level soon after birth and then is not affected by season The 
fall of concentration of vitamin A in the plasma noted dui mg various 
infectious diseases is probably the result m pai t of a low intake of vitamin 
A and in part of fever A few days after the tempeiature becomes 
normal the vitamin A content of the plasma may even use consideiably 
above the noimal level 

137 Wegelin, C On the Antagonism Between Thyroxine and Vitamin A, 
West J Surg 47 147-154 (March) 1939 

138 Torok, G Antagonism Between Thyroxine and Vitamins A and C, 
Magyar orvosi arch 39 315-324, 1938 

139 Wohl, M G, and Feldman, J B Vitamin A Deficiency in Disease of 
the Thvroid Gland Its Detection by Dark Adaptation, Endocrinology 24 389-396 
(March) 1939 

140 Clausen, S W , and McCoord, A B The Carotmoids and Vitamin A of 
the Blood, J Pediat 13 635-650 (Nov ) 1938 
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Descuptions of the vanous methods used for measuring vitamin A 
need not be given here but can be found in several recent publications 141 

Youmans, 142 m a leview of the hteiatuie on clinical disordeis lesult- 
mg from deficiency of vitamin A, pointed out that it is probable that the 
gieatest incidence of vitamin A deficiency in practice occurs m patients 
m whom the deficiency is a complication 1 ather than an independent dis- 
order Many articles continue to appeal concerning the level of vitamin 
A m the blood and urine of patients with many diseases, but the exact 
significance of the findings cannot yet be interpreted propeily Getz and 
his associates 143 found that in 53 per cent of tuberculous persons tested 
there was a deficiency of vitamin A and that this deficiency paialleled 
the seventy of the tubeiculosis Kluth 144 even found vitamin A of some 
value m tieatment foi gastritis and gastric and duodenal ulceis A full 
discussion of the effect of vitamin A on vanous gastrointestinal disorders 
is given m a lecent monogiaph by Lmdqvist 145 

Abbott and his associates 116 showed that the dififeiential leukocyte 
count might be of value in diagnosing deficiency of vitamin A m man 
In a study of the differential leukocyte counts of 157 persons whose diets 
and symptoms indicated vitamin A deficiency they noted rathei chaiac- 
tei istic changes in the blood pictui e 

VITAMIN B COMPLEX 

The vitamin B complex continues to be the most baffling and most 
interesting field foi research on vitamins One of the most significant 
advances in this field during the past 3 r ear was the demonstiation by 
Jukes 147 and by Woolley and his associates 148 that the filtiate factor 

141 Hedberg, J , and Lmdqvist, T Untersuchungen uber das V itamin A bei 
chronischen Nephriten, Acta med Scandinav (supp ) 90 231-247, 1938 Lanzmg, 
J C Deteimination of Vitamin A and Carotenoids in One to Two Cubic Centi- 
meters of Blood, Geneesk tijdschr v Nederl -Indie 78 3135-3144 (Dec 13) 1938 

142 Youmans, J B Newer Clinical Aspects of Vitamin Deficiency Diseases 
Vitamin A Deficiency, Am J Trop Med 19 229-242 (May) 1939 

143 Getz, H R , Hildebrand, G B , and Finn, M Vitamin A Deficiency m 
Normal and Tuberculous Persons as Indicated by the Biophotometer, JAMA 
112 1308-1311 (April 8) 1939 

144 Kluth, H J Zur Wirkung von Vitamin A (Vogan) bei Magenerkrank- 
ungen, Arch f Verdauungskr 63 177-190 (Sept) 1938, abstracted, JAMA 
111 2432 (Dec 24) 1938 

145 Lmdqvist, T Studien uber das Vitamin A beim Menschen, Acta med 
Scandinav (supp ) 97 1-52, 1938 

146 Abbott, O D , Ahmann, C F , and Overstreet, M R Effect of Avitami- 
nosis A on the Human Blood Picture, Am J Physiol 126 254-260 (June) 1939 

147 Jukes, T H Pantothenic Acid and the Filtrate (Chick Anti-Dermatitis) 
Factor, J Biol Chem 129 225-231 (July) 1939 

148 Woolley, D W , Waisman, H A, and Elvehjem, C A Nature and Par- 
tial Synthesis of the Chick Antidermatitis Factor, J Am Chem Soc 61 977-978 
(April) 1939 
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(chick anti dei matitis factoi) is identical with pantothenic acid Panto- 
thenic acid is a substance which will greatly stimulate giowth of yeast 
and which is of gieat importance m normal plant metabolism Woolley 
and Ins associates found that pantothenic acid m addition to being a 
stimulant to giowth of yeast is also a product of this giowth These 
authors pointed out that a similai situation exists with lespect to thiamin 
(vitamin B x ), which may be both a stimulant to, and a pioduct of, the 
growth of yeast 

Oleson and his associates 149 and Fiost and Elvehjem 150 again 
lepoited that factoi W is an essential factor for the lat, and Wyatt 151 
found some other new factoi s of the vitamin B complex which are neces- 
saiy for the nonnal metabolism of the lat Stokstad and Manning 132 
disco veied a new growth factoi, called factor U, which is piesent in laige 
amounts m alfalfa and is necessary for nonnal giowth of the chick 
Bauemfemd and his co-workeis 153 lepoited a new'' factor lequued foi 
giowth and repioduction of the domestic fowl 

In a study of 2 patients with pernicious anemia m i elapse Heinle 
and Millei 154 obseived that dned bi ewers’ yeast appaiently supplies an 
abundance of extrinsic factor and that pernicious anemia of certain 
patients ma)' be coirected without specific theiapy if an excess of this 
extnnsic factoi is supplied An excellent review of the vdiole problem 
of the l elation of yeast and similai substances to the intrinsic and 
extnnsic factors m pernicious anemia and their effects in spiue and 
similai conditions was given by Rhoads 155 at a l ecent conference on 
theiap} Seveial authois 150 lepoited that the addition of yeast extiact 

149 Oleson, J J , Bird, H R , Elvehjem, C A, and Hart, E B Additional 
Nutritional Factors Required by the Rat, J Biol Chem 127 23-42 (Jan ) 1939 

150 Frost, D V, and Elvehjem, C A Factor W and Its Relation to the 
Vitamin B Complex, J Biol Chem 128 23-34 (April) 1939 

151 Wyatt, W R Endence of Another Factor in the B Complex for Rats, 
Proc Soc Exper Biol & Med 40 281-283 (Feb ) 1939 

152 Stokstad, E L R, and Manning, P D V Evidence of a New Growth 
Factor Required by Chicks, J Biol Chem 125 687-696 (Oct ) 1938 

153 Bauernfemd, J C , Schumacher, A E , Hodson, A Z , Norris, L C , 
and Heuser, G F A New Factor Required for Growth and Reproduction in 
the Domestic Fowl, Proc Soc Exper Biol & Med 39 108-111 (Oct ) 1938 

154 Heinle, R W , and Miller, F R Yeast as an Extrinsic Factor in Relation 
to Pernicious Anemia, J Clm Investigation 18 257-259 (May) 1939 

155 Vitamins Vitamin B 2 Therap 3 r , Conference on Therapy, JAMA 113 
297-302 (July 22) 1939 

156 Litchfield, H R , Lichterman, J , Knoll, I , and Kurland, I Effect of 
Yeast Extract (Vitamin B Complex) on Growth and Development of Premature 
Infants, Am J Dis Child 57 546-553 (March) 1939 Summerfeldt, P , and 
Ross, J R Value of an Increased Supply of Vitamin Bi and Iron in the Diet of 
Children III, ibid 56 985-988 (Nov ) 1938 
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to the diet of piematuie infants and young childien is of considei able 
value in acceleiatmg gam of weight and pioduction of hemoglobin No 
gastiomtestmal distuibances have accompanied the admimstiation of 
yeast extiact m this gioup of cases 

Vitamin B t (Thiamin) — (a) Chemical and Physiologic Piopeities 
The desn ability of adopting synthetic vitamin B x hydiochlonde as an 
international standaid in place of the standard acid clay absoiption 
pioduct has become gieat The National Institute for Medical 
Reseal ch 157 m Hampstead, London, piocuied an adequate amount of 
the synthetic matenal, conti lbuted by foui manufactui mg firms The 
potency of this matenal was compaied with that of the acid clay adsoip- 
tion pioduct m laboi atones in Eui ope, Amenca and Japan by vanous 
biologic and chemical methods The lesults obtained showed a satis- 
factoiy degiee of concoi dance, and the International Conference on 
Vitamin Standaidisation unanimously agreed to the recommendation 
“that the specimen of puie synthetic vitamin B x hydrochloi ide which had 
been thus investigated should be defined as the potency of 3 micio- 
gi amines of the puie matenal” This recommendation of the Intel - 
national Confeience on Vitamin Standaidisation was adopted by the 
Permanent Commission on Biological Standaidisation of the League of 
Nations Health Oiganisation The pievious international standaid piep- 
aiation, known as the standaid adsoiption pioduct of vitamin B x , is now 
leplaced, theiefore, by the ciystalhne vitamin B* pieparation 

Peteis, Smclan and associates lcs found little vitamin B x (fiee oi 
bound) in the plasma of man , most of that which was found was bound 
inside oi on the eiythiocytes and paiticulaily on the polymoiphonucleai 
leukocytes Taubei 159 made the comment that vitamin B 1 is piesent 
m mammalian tissues as a pyiophosphonc estei and is conveited to 
the active coenzyme vitamin B t pyrophosphate 

Dui mg the past yeai tlieie have been seveial studies concerning the 
excretion of ingested oi injected thiamin chlonde Mai lack and his 
co-worker 1G0 found that thiamin chlonde injected inti amuscularly into 

157 Memorandum on the Second International Standard Vitamin Bi Prepared 
by the Department of Biological Standards of the National Institute for Medical 
Research, Hampstead, London, N W 3, Bull Health Organ, League of Nations 
7 874-876, 877-881 and 882-886, 1938, abstracted, Nutntion Absti & Rev 8 917 
(April) 1939 

158 Peters, R A , Sinclair, H M , Wood, P , Ungley, C C, and Goodhard, 
R S Discussion on the Clinical Aspects of the Vitanun-B Complex, Proc Roy 
Soc Med 32 807-822 (May) 1939 

159 Tauber, H The Intervention of Vitamin Bi m Enzymic Reactions, J 
Biol Chem 123 499-506 (April) 1938 

160 Marrack, J H , and Hollering, H F Excretion of Injected Aneurin 
(Vitamin Bi), Lancet 1 325-326 (Feb 11) 1939 
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human bemgs was excreted taptdly during the first three hours aftei 
injection and that in the second three houis there was 1 datively little 
increase over the amount passed in the control penods They assumed 
that a certain amount of thiamin is excreted by the kidneys befoie there 
is time for it to be stored in the body They did not find any 1 elation 
between the volume of urine and the amount of thiamin excieted 
Within twenty-four hours after oral admmistiation of 10 mg of thiamin 
chloride, Ritsert 101 observed that 4 to 7 per cent of the dose was in the 
urme and 7 to 30 per cent m the feces With parenteial administration 
of this dose, the figures weie approximately m reverse Schioder 162 
found that after intravenous injection of thiamin chloride the greater 
pait was excreted within the first two hours He found fuither that 
gastric and duodenal juice alone had no destructive effect on thiamin 
chloride but that hemin, if present, caused considerable, and bile some, 
destruction 

Richter and his associates, 163 in an interesting expenment on lats 
on a self-selected diet, found that animals on a diet deficient m vitamin B 
lost then appetite for carbohydrates and protein, whereas then appetite 
foi fat mci eased When yeast was made available to these rats, they 
consumed it eagerly, showing that vitamin-deficient animals reflect their 
needs m their appetites The aversion of these animals toward piotem 
is suggestive of some disturbance of protein utilization, and the authors 
suggested that some part of the vitamin B complex is needed foi the 
mtermediaiy metabolism of protein as well as of carbohydrate 

Burke and Mclntyie 104 examined the insulin toleiance and the 
dextiose toleiance of albino lats being given normal diets, diets deficient 
in vanous combinations of the vitamin B factois and a noimal diet 
supplemented by excess amounts of vanous vitamin B factois When 
thiamin chlonde was included m the diet of the lats, theie was an 
increase m the hypoglycemic response to insulin When a factor oi 
factois present m “autoclaved, flavin-free rice polish concentrates” were 
included m the diet, the hypoglycemic effect of insulin was deci eased 
An excessive intake of the factor or factors in “autoclaved rice polish” 

161 Ritsert, K Ueber die Ausscheidung von peroral und parenteral zugefuhr- 
tem Aneunn, Klin Wchnschr 17 1397-1400 (Oct 1) 1938 

162 Schroder, H Untersuchungen uber den Stoffwechsel des Bi-Vitamins am 
Gesunden und Kranken, Klin Wchnschr 18 148-150 (Feb 4) 1939 

163 Richter, C P , Holt, L E, Jr , Barelare, B, Jr, and Hawkes, C D 
Changes in Fat, Carbohydrate and Protein Appetite in Vitamin B Deficiency, Am 
J Physiol 124 596-602 (Dec) 1938 

164 Burke, J C , and McIntyre, A R The Effects of V itamin B on Insulin 
Hypoglucemia and Sugar Tolerance, J Pharmacol & Exper Therap 64 465-477 
(Dec ) 1938 McIntyre, A R, and Burke, J C Vitamin B Fractions and Insulin 
Tolerance in the Albino Rat, ibid 65 36-45 (Jan ) 1939 
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was found to mciease the sugar tolerance of these animals These 
experiments weie done caiefully, were well controlled and deseive 
fuither study 

Villela 105 has been the first to repoit obseivation of thiamin chloride 
in the spinal fluid Voit and Arnold 1GG found no effect on gastnc 
secietion aftei piolonged administration of thiamin chloride under 
noi mal and pathologic conditions 

( b ) Vitamin B x Requirements of Man It has been stated lepeatedly 
that the Amencan diet is deficient m thiamin chlonde Jolhffe 107 
reported that the Amei ican diet now contains only a tlm d of the vitamin 
Bj piesent m the American and English dietary of a century ago 
Whether 01 not this diet still piovides a reasonable margin of safety 
m this essential nutnent is a question which can be answered only when 
man’s appioximate 1 equii ement of thiamin chlonde is known and when 
the factors modifying this lequirement have been established leasonably 
well Some work had been carried out m Jolliffe’s laboratoiy which 
suggested that small peisons continuously excrete more thiamin m the 
mine than laigei peisons maintained on the same intake of calones 
and thiamin chloride The author pointed out that a large fi action of 
our population, paiticulaily persons who spend per capita $2 00 per 
week for food, subsists on a dietary of borderline adequacy in vitamin 
B x He suggested that beriberi in the United States usually is classified 
undei a vanety of misleading diagnoses, such as alcoholic, diabetic or 
metabolic polyneuritis Williams 108 also pointed out that the American 
diets in which white bread, maize meal and cereal pioducts supply a 
large part of the calories are near the borderline for benben He sug- 
gested that the human requirement for prevention of beriben is about 
1 mg of vitamin B x for each 3,700 nonfat calones For diets con- 
taining large pioportions of starch and small proportions of fat, such 
as prevail foi the gieat part of the working population of the world, 
the minimal daily requirement per adult is apparently about 0 6 mg , or 
200 international units, per day for an intake of 2,500 calones 

Baker and her associates 109 published the vitamin B x content of a 
numbei of foods m 1935 and again, during the past year, an important 

165 Villela, G G Vitamin Bi in Cerebrospinal Fluid, Science 89 251 (March 
17) 1939 

166 Voit, K , and Arnold, R Untersuchungen uber den Emfiuss von Bi auf 
die Saurewerte des Magens, Klin Wchnschr 18 98-99 (Jan 21) 1939 

167 Jolhffe, N A Clinical Evaluation of the Adequacy of Vitamin Bi in the 
American Diet, Internat Clin 4 46-66 (Dec ) 1938 

168 Williams, R R Our Vitamin Bi Supply m Relation to Human Needs, 
Bull New York Acad Med 14 641-646 (Oct ) 1938 

169 Baker, A Z, and Wright, M D The Vitamin Bi Content of Foods 
Additional Values, Biochem J 32 2156-2161 (Dec ) 1938 
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aiticle dealing with the vitamin B content of numeious othei foods 
Mickelsen and his associates, 170 m a lathei extensive study, showed 
that Amencan consumption of meat is able to supply a considerable 
fi action of the daily lequirements of vitamin B x This work demon- 
strated that meats are above the average in lespect to then vitamin B t 
content and that they compare favorably with many foods which 
oidmarily aie considered potent souices of this vitamin It is assumed 
that the typical American diet contains about 7 per cent meat , according 
to calculations based on statistics of this soit, an aveiage peison secures 
over 200 mtei national units of vitamin Bj each day fiom his intake 
of meat alone The daily human requirement foi vitamin B x has been 
placed at 200 to 500 international units Therefore, even though meats 
are used m the diet to the extent of only 7 per cent, they aie capable 
of supplying a thud of the human requuement for vitamin B 3 Foi 
instance, a poilc chop, even when filed, may supply the total daily 
lequirement of this vitamin' These authors studied the stability of 
the vitamin under various types of household cooking, and then results 
indicate that there is slight destiuction of the vitamin dunng frying, 
but during loastmg, broiling oi stewing the destiuction approaches 
50 pei cent 

Fiom experimentation on dogs, Arnold and Elvehjem 171 suggested 
that if then results are applied to a man weighing 70 Kg on a 3,000 
calory diet, he will requne 187 to 250 intei national units of vitamin B x 
daily Morgan and Haynes, 172 in a study of the vitamin B 3 content 
of human milk as affected by ingestion of thiamin chloride, concluded 
that the vitamin B x content of human milk is controlled m the lower 
brackets by the vitamin B x content of the diet but that, as m cow’s 
milk, a maximal level exists, above which the content of vitamin B can- 
not be raised even by massive doses of vitamin B x This woik indicates 
that to feed expectant mothers thiamin chloride in an effoit to be certain 
that the infant leceives moie of this vitamin is a somewhat useless 
procedure This is m marked conti ast to the lesult obtained from 
work on vitamin C, which will be mentioned subsequentl} 

170 Mickelsen, O , Waisman, H A, and Elvehjem, C A Distribution of 
Vitamin Bi (Thiamin) in Meat and Meat Products, J Nutrition 17 269-280 
(March) 1939 

171 Arnold, A, and Elvehjem, C A Influence of the Composition of the 
Diet on the Thiamin Requirement of Dogs, Am J Physiol 126 289-298 (June) 
1939 

172 Morgan, A F , and Haynes, E G Vitamin Bj Content of Human Milk 
as Affected by Ingestion of Thiamin Chloride, J Nutrition 18 105-114 (Aug 10) 
1939 
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No scnous untowaid leactions lesulting fiom the use of thiamin 
chlonde have been lcpoited Steinbeig, 171 however, dm mg tieatmcnt 
of moie than 300 patients for cluonic aithutis with laige doses of 
vitamin B t , noted definite ill effects in about 1 pei cent of the patients 
when 800 to 1,200 international units of vitamin B x was given by the 
oi al loute daily and 2,000 international units intiavenously once a week 
lie lcpoited 3 cases in which vitamin B x theiapy appaiently caused the 
development of heipcs zostei, with intense burning pam and nutation 
of “penpheial neive plates” The pam and nutation ceased when 
vitamin B x theiapy was withdrawn 

(c) Methods of Measuimg Vitamin B x Duiing the past ycai much 
woik has been duected towaid peifectmg a good test that would scive 
as a measuiement of vitamin B x 174 MeiMejobn’s test foi vitamin B 3 , 
using growth of fungus as the measuiement, in the hands of Smclan 175 
was not found to be veiy satisfactoiy Melmck and Field, 170 in a senes 
of papeis, descnbcd a quantitative test foi thiamin chlonde and also a 
chemical detennmation of vitamin B 3 which is specific foi free thiamin 
but does not detennme the quantity of vitamin in the phosphoiated foim 
Using the methods which they desenbed, they found that dned yeast 
may contain as much as 75 pei cent of its thiamin in the estenfied foim, 
while m polished lice and wheat geini the majoi poition exists as fice 
vitamin B 3 

( d ) Diagnosis and Tieatment of Vitamin B 3 Deficiency Aficcting 
Vanous Organs 1 Cential neivous system Theie has been con- 
sideiable conti oveisy concerning the results of the use of thiamin 
chlonde in the tieatment foi vanous neuiologic disoidcis Tieatment 

173 Steinberg, C L Untowaid Effects Resulting fiom the Use of Large 
Doses of Vitamin IF, Am J Digest Dis 5 680-681 (Dec ) 1938 

174 Peters, R A The Catatorulm Test for Vitamin Bi, Biochem J 32 
2031-203 6 (Nov ) 1938 Morcll, 1 Em nciicr biologischcr Vitamin Bi-Test, 
Deutsche med Wchnschr 64 1722-1723 (Nov 25) 1938 Lu, G D Studies on 
the Metabolism of Pyiuvic Acid m Normal and Vitamin Bj-Deficient States A 
Rapid, Specific and Sensitive Method for the Estimation of Blood Pyruvate, Bio- 
chem J 33 249-254 (Feb) 1939 Cowaid, K II, and Morgan, B G E The 
Biological Determination of Crystalline Vitamin Bi, ibid 33 658-662 (May) 1939 
Ilennessy, D J, and Ceicccdo, L R The Determination of Free and Phos- 
phorylatcd Thiamin by a Modified Unochrome Assay, J Am Chem Soc 61 179- 
183 (Jan ) 1939 

175 Sinclair, I-I M The Estimation of Vitamin Bi in Blood, Biochem J 32 
2185-2199 (Dec) 1938 

176 Melmck, D, and Field, I-I, Jr Chemical Determination of Vitamin Bi 
I Reaction Between Thiamine in Pure Acpieous Solution and Dia/otued /)-Ammo- 
acctophenonc, J Biol Chem 127 505-514 (Feb) 1939, II Method for Estimation 
of the Thiamine Content of Biological Materials with the Diazotiml p- Amino- 
acctophcnonc Reagent, ibid 127 515-530 (Feb) 1939, III Quantitative En/ymic 
Convcision of Cocarboxylase (Thiamin Pviophosphate) to the Free Vitamin ibid 
127 531-540 (Feb) 1939 
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with thiamm chlonde must be carried out on an adequately large and 
carefully controlled group of patients, and more lesults must be evaluated 
critically if more definite clinical facts are to be established True poly- 
neuritis can be produced not only by diets in which there is partial 
deficiency of the entile vitamin B complex but also by those which 
are adequate in thiamin but lacking the other factors m the complex 
It seems fairly clear that vitamin B x deficiency is not the only etiologic 
factor in experimental nutritional polyneuritis of animals Engel and 
Phillips 177 seldom observed neuropathologic changes in rats on a diet 
deficient m vitamin B x , and they concluded that uncomplicated beriberi 
was not accompanied by degeneration of peripheial nerves They found 
that admmistiation of betacarotene 01 percomoiph oil together with 
riboflavin lemoved all evidence of pathologic changes m the peripheral 
nerves of vitamin B x in deficient chicks Wintiobe and his associates 178 
also found that m pigs symptoms referable to the neivous system were 
due apparently to deficiency of one or more other components of the 
vitamin B complex rather than to deficiency of thiamm chloride or of 
riboflavin alone Jollifife 179 brought this mfoimation together and 
attempted to ascertain the effect of vitamin Bj and of the various factois 
modifying the response to thiamm chlonde For these studies they 
selected patients having mild polyneuritis which on the basis of history 
and of clinical chai actenstics was thought to be due to deficiency of 
vitamin B x He too found that diets containing a constant amount of 
vitamin B x but lich in the entire vitamin B complex led to greater 
impiovement than did diets poor in vitamin B complex The fraction 
of the complex responsible for this enhanced action of thiamm is not 
known Evidence available indicates that it is not riboflavin or nicotinic 
acid and that it is not present in the highly concentrated fractions of 
liver extiact effective m pernicious anemia In the treatment of poly- 
neuritis phosphorated vitamin B x is apparently no more or no less effec- 
tive than thiamm chloride 

The value of thiamm chloride m treatment for neuntis of pregnancy 
has been studied extensively by Schultze 180 Among 750 pregnant 

177 Engel, R W, and Phillips, P H The Lack of Nerve Degeneration in 
Uncomplicated Vitamin Bi Deficiency m the Chick and the Rat, J Nutrition 16 
585-596 (Dec) 1938 

178 Wintrobe, M M , Mitchell, D M , and Kolb, L C Sensory Neuron 
Degeneration in Vitamin Deficiency Degeneration of the Posterior Columns of 
the Spinal Cord, Peripheral Nerves and Dorsal Root Ganglion Cells in Young 
Pigs Fed a Diet Containing Thiamin (Bi) and Riboflavin but Otherwise Deficient 
in Vitamin B Complex, J Exper Med 68 207-220 (Aug) 1938 

179 Jolhffe, N The Diagnosis, Treatment and Prevention of Vitamin Bi 
Deficiency, Bull New York Acad Med 15 469-478 (July) 1939 

180 Schultze, K W Schwangerschaftsneuntis und Bi-Vitamin, Zentralbl f 
Gynak 62 2533-2538 (Nov 12) 1938, abstracted, Nutution Abstr & Rev 8 1067 
(April) 1939 
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women examined m one yeai, 60 had neuntis of pregnancy The first 
symptoms were painful twinges m the arms or legs, definite cramp, 
muscular weakness and fatigue often followed, clumsiness of move- 
ment also was commonly noticed Severe generalized polyneuritis was 
seen as a rule only m association with hypei emesis gravidaium Of 
the 60 patients tieated by combined injection and oial admimsti ation 
of thiamin chloride, 37 had good results, 16 had fair lesults and 7 
showed the condition unchanged These results aie fairly good, but 
it must be lemembered that 7 per cent of women who have neuritis 
during pi egnancy will have a spontaneous cure aftei delivery Hilde- 
brandt and Otto 181 suggested that in the presence of severe paialytic 
symptoms dui mg pregnancy the interruption of the pregnancy should 
be postponed until thoiough tieatment with thiamin chloride has been 
tiled Stahler 1S2 attempted to show that the requirement of vitamin 
for the patient with polyneuritis of pregnancy is gi eater than normal 
He observed that the amount of vitamin Bj excreted m the mine after 
daily intramuscular injection of 10 mg of the vitamin was less in preg- 
nant than m nonpiegnant women and that m the piesence of poly- 
neuntis of pi egnancy the amount excieted was still smaller Thus the 
amount needed to pioduce saturation was much greater for the patient 
with polyneuritis 

It has been claimed that thiamin chloride is of some value in the 
treatment of diabetic neuntis Needles, 183 however, found that in 3 
cases of neuritis associated with diabetes the diet was adequate m 
thiamin chloride Naide 184 lepoited that thiamin chlonde is of some 
value in the treatment of pam of ischemic ongm Ten patients with 
ischemic neuntis were treated with doses of 100 mg of thianun chlonde 
twice a week for one month , 7 of these patients obtained complete lelief, 
2 repoited partial relief and 1 failed to obtain relief Doses of 20 to 
100 mg of thiamin chlonde were given thereaftei once or twice a week 
as maintenance doses Gangrene, ulcers and objective neurologic 
features were not impioved by thiamin chlonde In 2 cases of inter- 
mittent claudication the results of thiamin chlonde therapy weie equi- 

181 Hildebrandt, A , and Otto, H Ueber Schwangerschaftspolyneuritis und 
lhre Beziehung zum Vitamin Bi, Munchen med Wchnschr 85 1619-1622 (Oct 21) 
1938 

182 Stahler, F Untersuchungen uber den Vitamin Bi-Stoffwechsel gesunder 
und polyneuntiskrankei Schwangerer und Wochnermnen, Deutsche med Wchnschr 
64 1137-1140 (Aug 5) 1938 

183 Needles, W Vitamin Studies m Cases of Diabetic Neuritis, Aich Neurol 
& Psychiat 41 1222-1228 (June) 1939 

184 Naide, M The Use of Vitamin Bi in Rest Pain of Ischemic Origin, Am 
J M Sc 197 766-773 (June) 1939 
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vocal Naide suggested treatment with thiamin chloride for the pain 
arising fiom peripheral vasculai disease Keil 185 suggested the use of 
thiamin chloride m the treatment of neive leprosy, and Chase 180 found 
tlnamm chlonde of no value m the treatment of schizophrenia 

2 Heart Dustm and his associates 187 reported on the electro- 
cardiographic changes m several cases m which theie was a histoiy 
of unbalanced diet and clinical evidence of vitamin B x deficiencj 
Features commonly seen were an increase m the electrical systole, a 
rapid rate, a tendency to low \oltage and in most cases a flattening of 
the T wave in leads, I, II and III During treatment slowing of the 
rate, increase in r oltage and varying changes in the ventricular com- 
plexes occurred m all cases Kalaja and his associate 188 attempted 
to elucidate the cause of the caidiac disturbances which occui m vitamin 
Bj deficiency by injecting into rabbits, pigeons and rats such metabolic 
products as are known or might be expected to occur in the organism 
m mci eased quantities during deficienc) of vitamin B x Lactic, pyruvic 
and other acids were found to have distinct letardmg effects on the 
cardiac late of rabbits and pigeons, but in rats these acids, subcutaneoush 
injected, caused a vagus-independent sinus biadycardia of the same t>pe 
as that held characteristic of vitamin B 1 deficiency It is difficult to 
attribute such minor cardiac changes to deficiency of vitamin B-, alone 
It seems that with such general disability as patients and animals exhibit 
in vitamin B* deficiency various changes in the body structure m general 
might be expected 

3 Thj i oid Several workers, among whom is Drill, 189 have shown 
that hyperthyroid lats which had lost weight and which still received 
thyroid legamed their loss of weight when both vitamin B x and the B 
complex weie added to the diet If vitamin B x alone was fed, the 
animals stopped losing weight, but did not gam until yeast or a yeast 
concentrate was fed Such experimental observations have suggested 
the use of these materials m the preoperative preparation of patients 

185 Keil, E 1st Nervenlepra atiologisch einheitlich 7 Zur Vitamin Bi-Behand- 
Iung der Nervenlepra, Arch f Schiffs- u Tropen-Hyg 42 1-13 (Jan ) 1938 

186 Chase, L H Effects of Vitamin Bi in Schizophrenia, Am J Psjchiat 
95 1035-1038 (March) 1939 

187 Dustin, C C , Wevler, H , and Roberts, C P Electrocardiographic 
Changes in Vitamin Bi Deficiency, New England J Med 220 15-21 (Jan 5) 1939 

188 Kalaja, L , and Narvanen, R A Studj of the Factors Which Cause the 
Heart Disturbances in Vitamin-B Deficiencies, Skandinav Arch f Physiol 79 
303-312 (Oct) 1938 

189 Drill, V A Effect of Vitamin Bi and Vitamin B 2 Complex on the Loss 
of Weight Produced in Rats bv Experimental Hj perthj roidism, Proc Soc Exper 
Biol & Med 39 313-316 (Nov ) 1938 
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with hypeithyioidism Fiazier and Ravdm 190 lepoited beneficial effects 
following admimstiation of thiamin chlonde to such patients They 
gave vitamin B x to 50 of then patients, while a conti ol gioup of patients 
leceived the loutine pieopeiative tieatment without the vitamin To 
the fust gioup 10 mg of ciystalline thiannn chlonde was given in solu- 
tion hypodei mically eveiy other day and 10 Gm of bieweis’ yeast daily 
by mouth The gioup of 50 patients given the vitamin supplements 
showed a gi eater l eduction in pulse late and a gi eater gam in weight 
and appetite and lequned a shoitei penod for adequate piepaiation than 
did the 28 patients receiving no vitamin supplements The most maiked 
benefit occuued in the nontoxic patients The authois suggested that 
although vitamin piobably has no duect antithyrogemc action m 
man, adequate amounts of this vitamin should be an impoitant aid m 
ti eating seveie clinical hypeithyioidism 

4 Livei Ochoa and Peteis 191 showed experimentally that adnun- 
lstiation of thiamin chlonde to animals leads to immediate accumulation 
of both thiamin chlonde and its pyiophosphonc estei m the livei, and 
they assumed that the livei is concerned intimately with the metabolism 
of vitamin B* It was found that livei converted vitamin B x into 
cocai boxylase in vitio Othei evidence piesented m this leview indi- 
cates that the liver is concerned intimately in the metabolism of almost 
all of the vitamins, and clinical evidence available suggests that a con- 
seivative use of vitamin supplements in the tieatment of hepatic disease 
is of consideiable value 

Riboflavin — The impoitance of nboflavin m the oxidation enz)unes 
is fauly well established Waibuig and Chnstian 192 lepoited that five 
oxidation enzymes containing liboflavm have been descnbed Ribo- 
flavin is not disti lbuted widely m natui e, but Dai by and Day 193 1 epoi ted 
that fiesh livei, whethei fiom beef, veal oi poik, is equivalent m 
liboflavm content to many samples of dned yeast and on the basis of 
dned weight is appaiently the lichest known food source of liboflavm 

In the experimental animal a deficiency of liboflavm pioduces seveial 
unusual effects In the hen such depnvation causes increase in the fat 

190 Frazier, W D , and Ravdm, I S The Use of Vitamin Bi in the Pre- 
operative Preparation of the Hyperthyroid Patient, Surgery 4 680-686 (Nov ) 
1938 

191 Ochoa, S , and Peters, R A Vitamin Bi and Cocarboxjlase in Animal 
Tissues, Biochem J 32 1501-1515 (Sept) 1938 , abstracted, Nutntion Abstr & Rev 
8 621 (Jan ) 1939 , Quantitative Measurement of Vitamin Bi and Its Phosphoric 
Esters and Their Synthesis in Animal Tissues, Nature, London 142 356, 1938 

192 Warburg, O , and Christian, W Bemerkung uber gelbe Fermente, Bio- 
chem Ztschr 298 368-377, 1938, abstracted, Nutrition Abstr & Rev 8 931-932 
(April) 1939 

193 Darby, W J , and Day, P L The Riboflavin Content of Meats, J Nutri- 
tion 16 209-218 (Sept ) 1938 
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content of the liver, 194 and in rats it produces cataracts 105 Riboflavin 
also has been shown to be necessaiy for normal growth and physical 
well-being in the pig 196 

Bessey and Wolbach 197 leported that vascularization of the cornea 
of the rat m the absence of antecedent pathologic changes is probably 
a specific and most leliable criterion of riboflavin deficiency Whether 
or not this test can be used as a biologic measure of riboflavin remains 
to be seen 

Since it was reported that riboflavin is important m the oxidation 
enzyme system, it has been felt that this matenal is necessary m normal 
human nutrition Proof of this, however, has not been available until 
the past year In 1938 Sebiell 198 reported that dogs on a blacktongue- 
producmg diet to which nicotinic acid had been added died unless nbo- 
flavm was given, and Street and Cowgill 199 reported similar observa- 
tions Later Sebrell and Butler 200 repoited that, of a group of 18 
women who weie maintained on a diet containing cornmeal, cowpeas, 
lard, casein, flour, white bread, calcium carbonate, tomato juice, cod 
liver oil, syiup, syrup of iron iodide, ascoibic acid and vitamin B x , 10 
had, within fiom ninety-four to one hundied and thiity days, lesions 
on the lips, to which the name “cheilosis” was given The lesions on 
the lips began as a pallor of the mucosa at the angles of the mouth 
without involvement of the buccal mucosa Maceration and superficial 
tiansveise fissuies appeared within a few days These lesions resembled 
closely those described as peileche Four of the 10 women with cheilosis 
weie treated with daily doses of 1 or 2 mg of synthetic ciystallme ribo- 
flavin for fiom three to ten days, aftei which the dose was changed 
to 0 25 mg per kilogram of body weight All lesions disappeaied corn- 

194 Lepkovsky, S , Taylor, L W , Judkes, T H , and Almquist, H C The 
Effect of Riboflavin and the Filtrate Factor on Egg Production and Hatchabihty, 
Hilgardia 11 559-591, 1938 

195 Day, P L , Darby, W J , and Cosgrove, K W The Arrest of Nutri- 
tional Cataract by the Use of Riboflavin, J Nutrition 15 83-90 (Jan ) 1938 

196 Hughes, E H The Role of Riboflavin and Other Factors of the 
Vitamin-B Complex in the Nutrition of the Pig, J Nutrition 17 527-533 (June) 
1939 

197 Bessey, O A, and Wolbach, S B Vascularization of the Cornea of the 
Rat in Riboflavin Deficiency, with a Note on Corneal Vascularization in Vitamin 
A Deficiency, J Exper Med 69 1-12 (Jan ) 1939 

198 Sebrell, W H Vitamins in Relation to the Prevention and Treatment of 
Pellagra, JAMA 110 1665-1672 (May 14) 1938 

199 Street, H R , and Cowgill, G R Acute Riboflavin Deficiency in the Dog, 
Am J Phjsiol 125 323-334 (Feb) 1939 

200 Sebrell, W H, and Butler, R E Riboflavin Deficiency in Man A 
Preliminary Note, Pub Health Rep 53 2282-2284 (Dec 30) 1938 Riboflavin 
Deficiency in Man, Current Comment, JAMA 112 1261 (April 1) 1939 
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pletely after five, six, twenty and foity-seven days of tieatment, 
lespectively Another senes of 4 women with cheilosis weie tieated 
with daily doses of 100 mg of nicotinic acid foi five days At the 
end of five days the lesions m all 4 women weie definitely worse, and 
treatment with liboflavm was staited The lesions of 3 of the women 
disappeaied completely aftei twelve, thnteen and twenty-four days of 
tieatment, but those of the fourth weie so much moie senous that after 
foity-mne days the daily dose of liboflavm was mci eased to 0 05 mg 
per kilogiam of body weight Theieaftei symptoms leceded lapidly 
One woman was tieated with 100 mg of nicotinic acid for forty-thiee 
days At the end of that time, the lesion still being piesent, liboflavm 
was added to the diet Complete healing occuired within ten days In 
the lemaining instance typical cutaneous lesions of pellagia developed 
thuty-six days aftei the study was begun and weie allowed to progiess 
foi four days Aftei use of 30 mg of nicotinic acid daily for thuty 
days, these lesions weie healed completely, although the cheilosis 
lemamed twenty-one days after the cutaneous lesions of pellagia had 
healed and was not controlled until after liboflavm had been admin- 
istered Although these obseivations aie pielimmaiy, they aie intensely 
interesting, they indicate that a specific clinical syndrome can be pio- 
duced expei imentally and that in human beings the eaily development 
of cheilosis can be alleviated by the admimstiation of small doses of 
riboflavin The authois suggested that the term “ai lboflavmosis” be 
added to the nomenclature of diseases due to vitamin deficiency to 
designate this syndrome 

Landor 201 descnbed cases of angular stomatitis, soie tongue and 
eczema of the scrotum in which admimstiation of nicotinic acid did 
not effect cuie but yeast did In view of Sebrell’s leport one might 
deduce that deficiency of riboflavin may be at fault in such cases 

Nicotinic Acid — (a) Chemical and Physiologic Propeities Nicotinic 
acid is a member of the vitamin B complex which also is 1 elated 
intimately to the enzyme system Thiamin is i elated to cocaiboxylase, 
liboflavm is a component of flavoprotems and probably of othei enzymes, 
and nicotinic acid is a component of both cozymase I and cozymase II, 
which aie coenzymes for a large number of oxidation mechanisms 

Because of this close relationship between nicotinic acid and respira- 
tory enzymes, Kohn, 202 m an excellent study, attempted to deteinnne 
whether or not the coenzyme-like substance m the blood was alteied 
m cases of deficiency of nicotinic acid Theoi etically, the coenzyme 

201 Landor, J V Deficiency of Vitamin B : , Lancet 1 1368-1370 (June 17) 
1939 

202 Kohn, H I - The Concentration of Coenzyme-Like Substance m Blood 
Following the Administration of Nicotinic Acid to Normal Individuals and 
Pellagrins, Biochem J 32 2075-2083 (Dec ) 1938 
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level of the body of the patient with pellagia is reduced, this leads 
directly to i educed capacity foi oxidation and 1 eduction Vanations 
m the amount of dietaiy nicotinic acid should lead directly to vanation 
m the amount of coenzyme By measunng the coenzyme content of 
the blood of noimal peisons and those with pellagia, Kohn found that 
nicotinic acid mci eases cozymase I m noimal peisons and in pellagrins 
V lltei and his associates 203 1 epoi ted sinulai 1 esults 

It has been shown that nicotinic acid will cuie pellagia m monkeys , 204 
but it is appaiently not essential foi good health m lats 205 01 lambs 200 
Crandall and his associates 207 suggested that nicotinic acid is essential 
foi noimal gastiointestmal motility These workeis used it in ti eating 
65 patients for functional digestive disoideis ovei a penod of fiom two 
months to two years, and 60 pei cent showed a good i espouse Thiamin 
chlonde and nboflavm had no effect 

In the litei atui e on the tieatment of pellagia repeated emphasis is 
placed on the impoitance of giving in addition to nicotinic acid othei 
membeis of the vitamin B complex ITelmei and Fouts, 20S in a study 
on rats, demonsti ated that a diet pi oducmg blacktongue pi oduces many 
othei deficiencies which aie coriected only by the admimstiation of the 
vitamin B 2 complex Spies and his associates 209 also emphasized this 
impoitant factor 

ATlter and his associates 210 described a method for measuring nico- 
tinic acid m the mine and i epoi ted that peisons on a noimal dneisified 

203 V liter, R W , V liter, S P , and Spies, T D Relationship Between 
Nicotinic Acid and a Codehvdrogenase (Cozymase) in Blood of Pellagrins and 
Normal Persons, JAMA 112 420-422 (Feb 4) 1939, Determination of the 
Codehydrogenases I and II (Cozymase) in the Blood of Diabetics in Severe 
Acidosis, Am J M Sc 197 322-326 (March) 1939 

204 Harris, L J The Vitamin B = Complex Further Notes on “Monkey 
Pellagra” and Its Cure with Nicotinic Acid, Biochem J 32 1479-1481 (Sept ) 

1938 

205 Birch, T W The Requirements of the Dog and the Rat for Nicotinic 
Acid, J Nutrition 17 281-292 (March) 1939 

206 Pearson, P B , Schmidt, H , and Macke} , A K Effect of a Pellagra- 
Producing Diet on Herbivora, Proc Soc Exper Biol & Med 40 423-425 (March) 

1939 

207 Crandall, L A, Jr , Chesley, F F , Hansen, D, and Dunbar, J The 
Relationship of the P-P Factor to Gastrointestinal Motility, Proc Soc Exper 
Biol & Med 41 472-474 (June) 1939 

208 Helmer, O M, and Fouts, P J Multiple Nature of the Deficiency of 
Blacktongue-Producing Diets as Shown by Studies on Rats, J Nutrition 16 271- 
277 (Sept) 1938 

209 Spies, T D , Bean, W B , and Ashe, W F Recent Ad\ ances m the 
Treatment of Pellagra and Associated Deficiencies, Ann Int Med 12 1830-1844 
(May) 1939 

210 Vilter, S P , Spies, T D , and Mathews, A P A Method for 
Determination of Nicotinic Acid, Nicotinamide, and Possibly Other Pyridine-Like 
Substances in Human Urine, J Biol Chem 125 85-98 (Sept ) 193S 
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diet excrete approximately 20 to 50 mg of nicotinic acid or its con- 
jugates daily Pellagrins m i elapse oi noimal persons on a diet such 
as pellagims usually consume excrete little if any coloi -producing denva- 
tives of nicotinic acid 

(b) Use of Nicotinic Acid m Pellagra Accoidmg to Spies and 
Cooper, 211 tlnee gioups of pellagnns aie recognized (1) “endemic” 
pellagrins, who thiough poveity or idiosynciasy have subsisted foi long 
periods on deficient diets, (2) pellagnns who have suffered fiom an 
oi game disease which has caused them to subsist on an inadequate diet 
or has lendeied them incapable of utilizing the food taken, and (3) 
pellagrins who suffer fiom chronic alcoholism and who fail m conse- 
quence to consume adequate food The symptoms of the disease, how- 
ever, and the treatment lecommended are the same no mattei to which 
gioup the patient belongs The impoitant points of the tieatment of 
pellagrins with nicotinic acid have been coveied fully in seveial papeis 232 
It is pointed out that an occasional patient may have consideiable flush- 
ing of the face and neck and burning and tingling of the skin following 
the ingestion or injection of comparatively small doses of nicotinic acid 
No other senous untowaid leactions have been leported Doses, liow- 
evei, of 1 Gin a day were found to pioduce definite toxic symptoms 
Ruffin and Smith 212b obtained good results in the tieatment of pellagnns 
fiom daily doses of 1 5 mg of nicotinic acid per kilogiam of body weight 
by mouth This quantity could be given eithei paienteially oi m solu- 
tion by mouth It was obseived that when nicotinic acid was given m 
tablets oi m capsules much less satisfactoiy results weie noted than when 
it was administeied paienteially or in solution by mouth Lewis 213 
lepoited that a patient with pellagia v r as treated successfully with intra- 
venous injections of sodium thiosulfate, given twice weekly Cuie of 
this patient w r as pioduced without any change m the diet 

It is well known that extiacts of the hveis of patients d)ing from 
pernicious anemia do not contain the hemopoietic factor which is usually 

211 Spies, T D , and Cooper, C Vitamin Deficiency The Diagnosis of 
Pellagra, Internal Clin 4 1-11, 1938 

212 (a) Sydenstricker, V P , Schmidt, H L, Jr , Fulton, M C , Neio, J S, 

and Geeslin, L E Treatment of Pellagra with Nicotinic Acid Observations 
in Forty-Five Cases, South M J 31 1155-1163, 1938 (b) Ruffin, J M, and 

Smith, D T Treatment of Pellagra with Special Reference to the Use of 
Nicotinic Acid, ibid 32 40-47 (Jan ) 1939 (c) Mustek, V H A Report of 

Ten Cases of Pellagra Treated with Nicotinic Acid, Am J Digest Dis 5 807- 
809 (Feb ) 1939 ( d ) Blankenhorn, M A , and Spies, T D Treatment of 
Pellagra with Nicotinic Acid, Tr A Am Physicians 53 115-119, 1938 

213 Lewis, DR A Case of Pellagra Successfully Treated with Intravenous 
Injections of Sodium Thiosulphate, Indian M Gaz 73 616 (Oct) 1938, abstracted, 
Nutntion Abstr & Rev 8 1075 (April) 1939 
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found m the liver of the normal person Sydensti lcker and his asso- 
ciates 214 found that an extract of the liver of a patient djnng of pellagra 
was rich in the hemopoietic factor but lacking in the pellagra-cui mg 
substance present m commercial liver extract 

Spies and his associates 21C were among the first to report that a 
porphyrin-hke substance was piesent m the urine of patients with pel- 
lagia and that the excretion of this material was somewhat related to 
the severity of the symptoms Watson 210 found that the test devised 
by Beckh, Ellmger and Spies did not measure the porphyrin excreted 
in 4 cases of alcoholic pellagra A few authors have cnticized this test 
as not being specific for porphyrin and as a quantitative test that is 
unsatisfactory in the presence of certain substances, particularly deriva- 
tives of ui obihnogen, which give rise to disturbing colors In 3 of 4 
specimens of urine from patients with pellagia which weie examined, 
Watson noted red pigment, and one of them aftei the addition of the 
toluene preservative turned pinkish red Fiom one of these urines 
Watson obtained a pigment m crystalline form of the nature of a deriva- 
tive of indigo Further observations on this red pigment in the urine 
of pellagrins weie repoited by Watson, 217 who found the pigment to be 
uroiosem and, m contrast to claims of Spies and other workers, of no 
value in recognizing early states of pellagra 

Nicotinic acid also has been reported useful in treatment for 
acrodyma, 218 and Bing and Broager 210 found that admimsliation of 
nicotinic acid to 2 patients with idiopathic steatorrhea resulted m a 
marked decrease m diarrhea Nicotinic acid paiticularly reduced the 
water content of the feces, but no other symptoms of sprue were aftected 
in the same distinct mannei as the diarrhea When the admnustiation 
of nicotinic acid was discontinued, dianhea began again 

Vitamin B 0 — During the past year the structure of vitamin B„ has 
been established independently by laboratones abroad 220 and m this 

214 Sydenstricker, V P , Schmidt, H L , Jr , Geesim, L E , and Weaver, 

J W The Liver in Pellagra, Am J M Sc 197 755-762 (June) 1939 

215 Beckh, W , Elhnger, P, and Spies, T D Porphyrinuria in Pellagra, 
Quart J Med 6 305-319 (July) 1937 

216 Watson, C J The Urinary Pigments m Four Cases of Alcoholic Pel- 
lagra, Proc Soc Exper Biol & Med 39 51 4-518 (Dec ) 1938 

217 Watson, C J Further Observations on the Red Pigments of Pellagra 
Urines, Proc Soc Exper Biol & Med 41 591-595 (June) 1939 

218 Tisdall, F F , Drake, T G H , and Brown, A Nicotinic Acid in the 
Treatment of Acrodyma, J Pediat 13 891-893 (Dec ) 1938 

219 Bing, J , and Broager, B Investigations on Effects of Administration of 
Nicotinic Acid in Two Patients with Idiopathic Steatorrhoea (Sprue), Ugesk 
f larger 100 1127 (Oct 6) 1938 

220 Kuhn, R , Wendt, G , and Westphal, K Diet Konstitution des Adermins, 
Ber d deutsch chem Gesellsch 72 310-311 (Feb 8) 1939 
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country The Amei lean investigators 221 also reported complete s> nthe- 
sis of the vitamin as conclusive support for the proposed structure The 
structure of vitamin B c has proved to be 2-methyl-3-hydroxy-4,5-di- 
( hydroxymethyl) -pyridine Wiardi 222 gave credit to the Japanese 
worker Ohdalce for being the first to ciystalhze vitamin B c Tins 
woikei several years previously had given approximately the same 
empiric formula as that now given by the other workers just mentioned 

Rats on a diet deficient m vitamin B c show atrophy of the thymus, 
accoiding to Dimick and Schreffler, 223 and fatty lners, which the admin- 
istration of choline does not wholly collect, according to Halhday 221 In 
young puppies a deficiency of this vitamin pioduced anemia 220 Bnch 220 
even suggested that this vitamin is in some way connected with the utili- 
zation of fatty acids , Robbins and Schmidt 227 found vitamin B b 
important for the giowth of plants and suggested that it might prove 
to be as generally significant for living organisms as thiamin 

The only clinical application which has been attempted with vitamin 
B 0 has been repotted by Spies and his associates 228 These authors noted 
that 4 patients who had been treated successfully foi pellagia and benben 
but who lemamed on then deficient diet complained of extreme nei- 
vousness, insomnia, liritability, abdominal pam, weakness and difficulty 
m walking Within four horns after the intravenous administiation of 

221 Harris, S A , Stiller, E T , and Folkers, K Structure of Vitamin 
Bo II J Am Chem Soc 61 1242-1244 (May) 1939 Harris, S A, and 
Folkers, K Synthetic Vitamin Bo, Science 89 347 (April 14) 1939, Synthesis 
of Vitamin Bo, J Am Chem Soc 61 1245-1247 (May) 1939 Stiller, E T , 
Keresztesy, J C, and Stevens, J R The Structure of Vitamin Be I, ibid 
61 1237 (May) 1937 

222 Wiardi, P W Crystalline Vitamin Be (Adermin), Nature, London 142 
1158 (Dec 31) 1938 

223 Dimick, M K, and Schreffler, C B The Factor I (Vitamin Be) Require- 
ment of the Rat, J Nutrition 17 23-29 (Jan ) 1939 

224 Halhday, N Fatty Livers in Vitamin Be Deficient Rats, J Nutrition 16* 
285-290 (Sept ) 1938 

225 Fouts, P J , Helmer, O M , Lepkovsky, S , and Jukes, T H Produc- 
tion of Microcytic Hypochromic Anemia m Puppies on Synthetic Diet Deficient in 

vRat Anti-Dermatitis Factor (Vitamin B c ), J Nutrition 16 197-207 (Aug ) 1938 

226 Birch, T W The Relation Between Vitamin Be and the Unsaturated 
Fatty Acid Factor, J Biol Chem 124 775-793 (Aug) 1938, J Clin Investiga- 
tion 17 528, 1938 

227 Robbins, W J , and Schmidt, M B Vitamin Be, a Growth Substance for 
Excised Tomato Roots, Proc Nat Acad Sc 25 1-3 (Jan ) 1939 

228 Spies, T D , Bean, W B , and Ashe, W F A Note on the Use of 
Vitamin Be in Human Nutrition, JAMA 112 2414-2415 (June 10) 1939 
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50 mg of pure synthetic vitamin B c m steule physiologic solution of 
sodium chlonde, all patients experienced dramatic relief of these symp- 
toms, and within twenty-four hours all symptoms had disappeared These 
observations indicated to the authors that vitamin B c was important m 
human nutrition and supported the hypothesis already mentioned that 
deficiency diseases are often multiple in nature 

vitamin c 

Chemical and Physiologic Propel ties — In a recent report 229 by tbe 
Council on Pharmacy and Chemistry of the American Medical Associa- 
tion the use of the term “cevitamic acid” as the official term for use in 
the book “New and Nonofficial Remedies” was abandoned in favoi of 
“ascorbic acid,” with the understanding that the term “cevitamic acid” 
was to be included as a synonym to follow “ascorbic acid” and with the 
distinct understanding that this action is not to be a precedent so far 
as therapeutically suggestive names are concerned 

It seems fairly'' well established that vitamin C is connected intimately 
with the complementary activity of the serum 230 and that it plays some 
part m the process of agglutination 231 

Some recent work by Kendall and Chmn concerning destiuction of 
vitamin C in the gastrointestinal tract is discussed fully m a recent 
editorial 232 The general conclusion drawn from their accumulated 
evidence is that ability to use ascoibic acid occasionally is shown by cer- 
tain membeis of known bacterial species but is not a common property 
of any known species They found that certain bacteria m tbe gastro- 
intestinal tiact aie capable of destroying ascorbic acid and thus preventing 
noimal absorption of this vitamin They found that the presence of 
even small amounts of dextrose definitely postponed destruction of 
ascorbic acid, and since citrus fruits are rich in simple sugars it seems 

229 The Nonproprietary Name “Cevitamic Acid” Abandoned for “Ascorbic 
Acid,” Report of the Council on Pharmacy and Chemistry, TAMA 112 2420 
(June 10) 1939 

230 Ecker, E E , Pillemer, L , Gnffitts, J J , and Schwartz, W P Comple- 
ment and Ascorbic Acid in Human Scurvy An Experimental Study, JAMA 
112 1449-1452 (April 15) 1939 

231 Madison, R R , Fish, M , and Frick, O Vitaimn-C Inhibition of Agglu- 
tinin Production, Proc Soc Exper Biol & Med 39 545-547 (Dec ) 1938 
Cameron, G D W Antitoxin Response in Guinea Pigs Deficient in Vitamin C, 
Canad Pub Health J 29 404-406 (Aug) 1938, abstracted, Nutrition Abstr & 
Rev 8 651 (Jan) 1939 Heise, F H , and Steenken, W, Jr Vitamin C and 
Immunity in Tuberculosis of Guinea Pigs, Am Rev Tuberc 39 794-795 (June) 
1939 

232 Destruction of Vitamin C in the Gastrointestinal Tract, editorial, J A 
M A HI 2395-2396 (Dec 24) 1938 
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piobable that these sugais deflect nuciobic attacks on ascorbic acid as 
long as the sugais aie piesent m the digestive tiact Whether 01 not 
cane sugai added to fruit fuilhei inhibits destruction of the vitamin was 
not detei mined 

Sendioy and Millei 233 made a study of lenal function as a factoi 
which may influence the unnaiy excretion of ascorbic acid They found 
that abnoimally slow excretion of admmisteied ascoibic acid does not 
indicate necessanly a low bodily content of vitamin C if lenal function 
is deci eased Renal damage retaids excietion even when no deficit of 
vitamin C exists They found that the effect of a lowenng of lenal 
function on ascorbic acid clearance runs appioximately paiallel to the 
effect on uiea cleaiance Ralli and hei associates 234 piesented evidence 
which indicates that vitamin C is excreted by filtiation and active tubulai 
reabsoiption, and Evans 235 suggested that vitamin C possesses a diuietic 
propel ty 

Methods of Measuring Ascoibic Acid — Seveial new piocedures foi 
measuring ascoibic acid m the urine and blood have been described 
recently, 230 and seveial authors have cnticized severely the mtiadermal 
injection of 2,6-dichlorophenolindophenol as a lehable guide to the gen- 
eial nutritional status of the body with legai d to vitamin C 237 Chinn 
and Farmei 23S described a method foi estimating ascorbic acid m feces, 
and by the use of this method the fecal content of the noimal peison 
on an adequate but unsupplemented diet is shown to aveiage about 5 mg 
daily The ascoibic acid content of plasma, mine and feces of a normal 
peison was studied by these authois aftei administration of vaiymg 
amounts of ascoibic acid by mouth Laige vanations m the dietaiy 

233 Sendroy, J, Jr, and Miller, B F Renal Function as a Factor in the 
Urinary Excretion of Ascorbic Acid, J Clin Investigation 18 135-140 (Jan ) 
1939 

234 Ralli, E P , Fnedman, G J, and Rubm, S H The Mechanism of the 
Excretion of Vitamin C by the Human Kidney, J Clin Investigation 17 765- 
770 (Nov) 1938 

235 Evans, W Vitamin C in Heart Failure, Lancet 1 308-309 (Feb 5) 

1938 

236 Roe, J H, and Hall, J M The Vitamin C Content of Human Urine 
and Its Determination Through the 2,4-Dimtrophenylhydrazine Derivative of 
Dehydroascorbic Acid, J Biol Chem 128 329-337 (April) 1939 

237 Goldsmith, G A , Gowe, D F, and Ogaard, A T Determination of 
Vitamin C Nutrition by Means of a Skin Test A Critical Evaluation, Proc Soc 
Exper Biol & Med 41 370-374 (June) 1939 Wright, I S, and MacLenathen, 
E Excretion of Vitamin C in Sweat, J Lab & Clin Med 24 806-807 (Maj) 

1939 

238 Chinn, H , and Fai mei , C J Determination of Ascorbic Acid in Feces 
Its Excretion in Health and Disease, Proc Soc Exper Biol & Med 41 561-566 
(June) 1939 
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intake were shown to affect the fecal excretion of the vitamin only 
slightly Patients suffering from certain gastrointestinal disorders were 
found to excrete laiger quantities of ascorbic acid m the feces than nor- 
mal pei sons 

Ascoi bic Acid Reqmi ements of Man — The question of the exact 
requirements of man for ascorbic acid is still much debated, and the prob- 
lem of saturation of the body with vitamin C is still a source of confusion 
Kellie and Zilva 230 pointed out that a person may be considered to be “sat- 
urated when the amount of ascorbic acid voided in the urine after con- 
tinued consumption of ascertain dose becomes more or less constant The 
fiist appearance of the acid is not always indicative of saturation In a 
case which the authors studied carefully they assumed that the minimal 
dose necessary to bring about saturation lay between 30 and 50 mg per 
day They pointed out, hovevei, that this should not be assumed to be 
the minimal daily dose necessary to prevent the onset of scurvy or even to 
maintain good health They stressed again that no undue clinical sig- 
nificance need be attached to maintaining the condition of saturation 
They found that deteimmations of the level of ascorbic acid in blood 
made at landom did not indicate the degree of saturation of a subject, 
and further comparison of figures of unnaiy excretion indicated that 
there is no constant renal threshold foi ascoi bic acid Plememann 240 
reported that at least 0 8 mg per lalogiam of body weight is the dose 
of ascorbic acid needed by the healthy adult, although 0 4 mg pei kilo- 
gram was sufficient to piotect against actual scurvy Belsei and her 
associates 241 found that the requirement of ascorbic acid to maintain 
complete satuiation foi the subjects studied varied from 1 to 1 6 mg per 
kilogiam per day Rietschel and Mensching 242 suggested that the dose 
of ascorbic acid necessary foi the maintenance of good health is much 
smaller They pointed out that the human requuement of ascoi bic acid 
is small because of the capacity of this substance to be alternately oxidized 
and i educed They stressed the economic inconvenience to Germany 
of having to supply a requirement of 50 mg per person daily and the 
desn ability of persuading the people that this is not necessary (Their 

239 Kellie, A E, and Zilva, S S The Vitamin C Requirements of Man, 
Biochem J 33 153-164 (Feb ) 1939 

240 Heinemann, M Requirements for Vitamin C in Man, J Clin Investiga- 
tion 17 671-676 (Sept ) 1938 

241 Belser, W B , Hauck, H M , and Storvick, C A A Study of the 
Ascorbic Acid Intake Required to Maintain Tissue Saturation m Normal Adults, 
J Nutrition 17 513-526 (June) 1939 

242 Rietschel, H , and Mensching, J Experimenteller C- Vitamin-Hunger am 
Menschen, ein Beitrag zur Frage des C-Vitaminbedarfs, Klin Wchnschr 18 273- 
278 (Feb 25) 1939 
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work is based on the fact that one of the authors existed foi a period of 
one hundred days on a diet extremely deficient m vitamin C The con- 
centration of ascorbic acid in the serum diopped to 0 06 mg pei hundied 
cubic centimeters, but no symptoms of scurvy appeared ) Ralli and her 
associates 243 suggested that 100 mg of ascorbic acid is the optimal daily 
intake 

It is agreed generally that the lequirement of ascoibic acid for preg- 
nant and nursing motheis is considerably gi eater than that for noimal 
persons During the past year a tremendous amount of work has been 
done on this problem Teel and his associates 244 found that the ascorbic 
acid content of the plasma from the coid blood at birth is fiom two to 
foui times greater than that of maternal plasma at the time of deliveiy 
These authors made a careful study of the dietary intake of ascoibic acid 
dui mg piegnancy and of the level of ascorbic acid m maternal plasma 
and m the coid plasma at the time of birth They found good cori ela- 
tion between the content of ascorbic acid in the maternal diet and the 
amount of ascorbic acid in the maternal plasma Then studies indicated 
that with a relatively constant intake of ascoibic acid the amount of this 
vitamin m maternal blood plasma deci eases markedly as pregnancy 
advances This fact seems to be true whethei the dietaiy intake of 
ascoibic acid is optimal, suboptimal oi deficient The aveiage amount 
of ascorbic acid in maternal plasma at the time of delivery was only a 
little moie than half that piesent during the fiist twenty-eight weeks of 
pi egnancy 

Fuither studies by Ingalls and his associates 243 showed that satuia- 
tion of the fetal blood occurs even when the maternal plasma contains 
less than a third oi fourth of the amount of ascorbic acid in the plasma 
of the infant Then studies showed fuithei that aftei birth the breast- 
fed infant may obtain adequate ascorbic acid at the expense of the mother 
even though she is on a deficient diet and has a low' concentiation of 
ascoibic acid in the plasma The quantity of ascorbic acid secreted m 
bieast milk was found to vaiy fiom 20 to 50 mg pei tw'enty-foui houis 
even when the maternal diet contained no moie than 20 mg of ascoibic 
acid daily These findings indicate that the mci eased maternal need 

243 Ralli, E P , Friedman, G J, and Sherry, S Vitamin C Requirement of 
Alan Prolonged Study of Daily Excretion and Plasma Concentration of Vitamin 
C, Proc Soc Exper Biol & Med 40 604-605 (April) 1939 

244 Teel, H At , Burke, B S, and Draper, R Vitamin C in Human Pieg- 
nancy and Lactation I Studies During Pregnancy, Am J Dis Child 56 1004- 
1010 (Nov ) 1938 

245 Ingalls, T H , Draper, R, and Teel, H AI Vitamin C in Human Preg- 
nancy and Lactation II Studies During Lactation, Am J Dis Child 56 1011- 
1019 (Nov) 1938 
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foi ascoibic acid dunng piegnancy appaiently extends into the nuismg 
penod as well Elmby and Beckei -Christensen 24G suggested that by 
admimsteiing an additional 100 mg of ascorbic acid daily to the mothei 
dm mg the first ten days after delivery the ascorbic acid m her seium and 
milk can he raised from subnormal to noimal levels Utheim-Toverud 247 
gave 75 mg as the daily lequirement of piegnant and nursing 
mothers Snelhng and Jackson 24S suggested that aitificially fed babies 
should leceive additional ascorbic acid from the time of birth Chu 
and his associates 249 suggested that a concentration of less than 4 mg per 
hundied cubic centimeteis in the the mother’s milk indicates that she is 
deficient m vitamin C Kenney and Rapoport 250 leported that 21 
infants with scurvy responded well to doses of crystalline ascorbic acid 
Williams and Green, 291 however, found that children with scurvy 
responded bettei to administration of orange juice than to synthetic 
ascoibic acid The Council on Foods of the Amencan Medical Asso- 
ciation 252 leported that fiesh orange juice retains 97 per cent of its 
active ascoibic acid after twenty-four hours in the refrigeiatoi piotected 
from an, but that solutions piepared fiom ciystalhne ascorbic acid may 
lose consideiable potency undei the same conditions 

Cluneal Use of Vitamin C — There have been a numbei of lepoits 
dunng the past year concerning the use of vitamin C in vanous ophthal- 
mologic conditions From study of a lather laige gioup of patients, 
Bouton 253 lepoited that ascoibic acid deficiency can be held at least 

246 Elmby, A , and Becker-Christensen, P Ascorbic Acid Metabolism in 
Pregnancy, Labor and Puerperium and During Infant’s First Days of Life 
Ugesk f laeger 100 1045-1051 (Sept 15) 1938, abstracted, JAMA 111 2252 
(Dec 10) 1938 

247 Utheim-Toverud, K The Vitamin C Requirements of Pregnant and 
Lactating Women, Ztschr f Vitaminforsch 8 237-248, 1939, abstracted, Nutrition 
Abstr & Rev 9 189-190 (July) 1939 

248 Snelhng, C E , and Jackson, S H Blood Studies of Vitamin C During 
Pregnancy, Birth and Earlv Infancy, J Pediat 14 447-451 (April) 1939 

249 Chu, F T , Woo, T , and Sung, C A Study of Vitamin C Metabolism in 
Lactating Mothers, Chinese J Physiol 13 383-394 (Dec 30) 1938 

250 Kenney, A S , and Rapoport, M Studies in the Use of Crystalline 
Vitamin C (Ascorbic Acid) m the Prophylaxis and Treatment of Infantile Scurvy 
and Some Other Disorders of Infancy and Childhood, J Pediat 14 161-182 
(Feb ) 1939 

251 Williams, S , and Green, M Studies m the Urinary Excretion of Vitamin 
C in Certain Diseases of Children, M J Australia 1 145-150 (Jan 28) 1939 

252 The Loss of Vitamin C in Orange Juice on Standing, Report of the 
Council on Foods, J A M A 112 2420-2421 (June 10) 1939 

253 Bouton, S M , Jr Vitamin C and the Aging Eye An Experimental 
Clinical Study, Arch Int Med 63 930-945 (May) 1939 
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partly responsible for the impairment of vision associated with senescence 
of the human eye and that administration of ascorbic acid by mouth in 
adequate doses can counteract this process if the crystalline lens is not 
principally involved Ascorbic acid, he found, had no effect on the lens 
after senile changes had set m In view of these findings the report by 
Corkill 254 is interesting His patient, a young Sudanese, was exposed 
to the seveie environment of the desert on a diet particularly lacking in 
ascoibic acid In a period of three months arcus senilis but no scurvy 
developed This author suggested that arcus senilis is a sign of chronic 
deficiency of ascorbic acid 

Several reports 255 have appeared which indicate that patients with 
tubeiculosis have a greatly increased lequirement for ascorbic acid, their 
daily consumption is from three to five times as much as that of healthy 
subjects There seems to be a certain parallelism between the quantity 
of ascorbic acid excreted and the activity of the tuberculous process 

In a detailed study by Sebesta and her associates 250 data are pie- 
sented which indicate that the average patient with uncomplicated 
diabetes mellitus can and does have a normal status in regard to ascoibic 
acid 

Repoits continue to appear concerning the value of ascorbic acid 
m the tieatment of essential hematuria, 207 but they are not veiy con- 
vincing Sabin 208 repoited that both natuial and synthetic ascorbic acid 
has no effect on the course of experimental poliomyelitis in monkeys 

One of the most intei esting new uses of ascoibic acid was lepoited 
by Holmes and his associates 259 After physical examination of 400 men 
exposed daily to lead, Holmes and his colleagues made monthly checks 
on the basophilic degeneration and the degiee of stippling as shown by 

254 Corkill, N L Arcus Senilis as a Sign of Chronic Vitamin C Deficiency, 
Ann Trop Med 32 333-338 (Dec 21) 1938 

255 Weber, H C-VitanunstofTwechsel bei Lungentuberkulose, Wien klin 
Wchnschr 51 1191-1193 (Nov 4) 1938 Warns, E H J Influence of Vitamin 
C on the Course of Osteo-Arthritic Tuberculosis, Nederl tijdschr v geneesk 
82 4426-4434 (Sept 10) 1938, abstracted, JAMA 111 2162 (Dec 3) 1938 

256 Sebesta, V , Smith, R M , Fernald, A T, and Marble, A The Vitamin 
C Status of Diabetic Patients, New England J Med 220 56-60 (Jan 12) 1939 

257 Burkland, C E Use of Vitamin C in the Treatment of Essential Hema- 
turia Preliminary Report, J Urol 41 401-405 (March) 1939 

258 Sabin, A B Vitamin C in Relation to Experimental Poliomyelitis, with 
Incidental Observations on Certain Manifestations in Macacus Rhesus Monkeys 
on a Scorbutic Diet, J Exper Med 69 507-516 (April) 1939 

259 Holmes, H N , Campbell, K , and Amberg, E J The Effect of Vitamin 
C on Lead Poisoning, J Lab &. Clin Med 24 1119-112 7 (Aug) 1939 Holmes, 
H N , Amberg, E J , and Campbell, K Vitamin C Treatment in Lead Poisoning, 
Science 89 322-323 (April 7) 1939 
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the blood Records of these monthly tests were kept throughout the 
year of obseivation During the last three months of this penod weekly 
tests were reported on a group of 34 men, all of whom had symptoms 
and showed signs of chiomc lead poisoning Half of this group weie 
given 100 mg of synthetic ascoibic acid daily for several weeks, and the 
other half continued to take calcium gluconate in addition to 100 mg of 
ascorbic acid daily In general the first group of patients (taking ascoibic 
acid alone) showed maiked improvement In a week or less after 
beginning the treatment, most of the men enjoyed normal sleep and lost 
the mutability and nervousness so common in connection with tieatment 
of lead poisoning with calcium In the second group (taking ascoibic 
acid plus calcium) the gam was less marked and rathei irregular The 
authors postulated that ascorbic acid m some way le acts with toxic lead 
ions to foim a pooily ionized and much less toxic compound They 
suggested that men who are exposed to the hazards of lead should include 
m their diet rich souices of ascorbic acid or else take 50 mg in supple- 
mentary form daily 

VITAMIN D 

Chemical and Physiologic Propeities — Vitamin D is the one vitamin 
which is most likely to be deficient in the diet of both the rich and the 
poor Apart from egg yolk, hening and canned salmon there is little 
m the aveiage diet to supply vitamin D, and Lindsay and Mottram, 2130 
taking these facts into consideration have given a numbei of ingenious 
lecipes in which cod liver oil can be added to the diet m a palatable form 
V ollmer 201 i ecently had an opportunity to study the distribution of 
vitamin D m the body after administration of massive doses To a 4 
year old child, 1,600,000 U S P units of vitamin D u^as given intra- 
muscularly three and one-half days befoie death and an additional 
1,000,000 units of vitamin D thirty-six horns before death Most of the 
vitamin D w r as found to be stored m the skin, livei and biam, and smallei 
amounts were found m the lungs, spleen and bones In experimental 
animals massive doses of vitamin D have been found to produce certain 
pathologic changes m the kidneys 262 and blood vessels 203 The role of 

260 Lindsay, J , and Mottram, V H Vitamin D in Diet Palatable Methods 
of Supply, Brit M J 1 14-15 (Jan 7) 1939 

261 Vollmer, H Distribution of Vitamin D in Body After Administration 
of Massive Doses, Am J Dis Child 57 343-34S (Feb ) 1939 

262 Harris, R S , Ross, B D , and Bunker, J W M Histological Study 
of Hypervitaminosis D The Relative Toxicity of the Vitamin D of Irradiated 
Ergosterol and Tuna Liver Oil, Am J Digest Dis 6 81-83 (April) 1939 

263 Goormaghtigh, N, and Handovsky, H Effect of Vitamin D- (Calciferol) 
on the Dog, Arch Path 26 1144-1182 (Dec ) 1938 
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vitamin D m the metabolism of calcium and phosphorus still is not 
established fully Schneider and Steenbock 204 found that in the rat 
vitamin D induces utilization of phosphorus by bone, which deprives the 
soft tissues of their supply of phosphorus, which in turn inhibits giovth 
Coil ell and Wise 205 found that vitamin D decreases high concentrations 
of serum phosphatase in the growing chick, and Albnght and his asso- 
ciates 200 made an extensive comparison of the effects of vitamin D, 
dihydrotachysterol and parathyroid extract on the di soldered metabo- 
lism of patients with lickets The data presented by these authois are 
shown m table 3 

A detailed study of the physiologic and pathologic effects of vitamin 
D is given m a monograph by Rommgei 207 

Use of Vitamm D m Rickets — Rickets still presents an enigma 
Foldes 208 emphasized that the problem of lickets is fai fiom being 
simply one of vitamin deficiency and suggested that the development 


Table 3 — Summary of Data Picscnfcd by Albnght and Asssociatcs 



Calcium 

Phosphorus Excreted 


Absorbed 

in Urine 

Vitamin D 

+++ 

+ 

Dihydrotachj sterol 

+ 

+++ 

Parathyroid extract 

0 

+ + + + 


of lickets is due to an intei play of endocnne, geneial nutntional and 
vitamin factois Gudgeman and his associates 209 showed that in expen- 
mental rickets a low intake of salt mixtuie will pioduce healing even 

264 Schneider, H , and Steenbock, H A Low Phosphorus Diet and the 
Response of Rats to Vitamin D?, J Biol Chem 128 159-171 (April) 1939 

265 Correll, J T, and Wise, E C Studies on the Relative Efficiency of 
Vitamin D from Several Sources Influence of Vitamin D of Different Origins 
on the Serum Phosphatase of the Chicken, J Biol Chem 126 581-588 (Dec ) 

1938 

266 Albright, F , Sulkowitch, H W , and Bloomberg, E A Comparison of 
the Effects of Vitamin D, Dihydrotachysterol (A T 10), and Parathyroid Extract 
on the Disordered Metabolism of Rickets, J Clin Investigation 18 165-169 (Jan ) 

1939 

267 Ronnnger, E Physiologic und Pathologie des D-Vitamms, Ergebn d 
Vitamin- u Hormonforsch 2 104-159, 1939 

268 Foldes, E Is Rickets Due Simply to a Vitamin Deficiency 7 Acta 
piediat 23 178-182 (Dec 31) 1938 

269 Gndgeman, N T , Lees, H , and Wilkinson, H The Biological Vitamin 
D Assay of Low-Potency Materials with Special Reference to the Role of the 
Afineral Content of the Diet, Bioehem J 33 645-654 (May ) 1939 
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in the absence of vitamin D It generally is conceded, as pointed out 
by Lewis, 270 that the vitamin D content of n radiated milk, although 
adequate to protect the average infant against rickets, will not afford 
piotection to premature infants, twins or rapidly growing infants This 
author found that a dose of vitamin D 2 admimsteied in milk was 
several times moie effective than the same dose given m an oily vehicle 
This work was based on the treatment of 21 rachitic infants 

Reports continue to appear which show that rickets and tetany can 
be cured by oral administration of one single dose of vitamin D (600,000 
U S P units of vitamin D 2 ) 271 Harnapp 272 found vitamin D 3 effec- 
tive m a single oral dose of from 5 to 10 mg Brockmann 273 found 
15 mg of vitamin D 2 or D 3 to be effective in curing rickets when given 
m a single dose None of these authors noted any ill effects Gill 274 
described 4 cases of nckets in which no form of any therapy given over 
a period of several weeks pioduced any evidence of healing 

Use of Vitamin D in Other Conditions — Knapp 275 reported that 
vitamin D is useful in the treatment of keratoconus, and King and 
Hamilton 270 reported on its value in the control of pemphigus 
Brandaleone 277 stated that the local application of cod liver oil in 
addition to the usual forms of theiapy is of considerable value in the 
treatment of ulcers occurring m diabetes mellitus 

270 Lewis, J M Vitamin D Therap} in Children, M Clin North America 
23 687-696 (May) 1939 , The Influence of the Menstruum on the Effectiveness of 
Vitamin D Obtained from the Livers of the Percomorphi Order of Fish, J Pediat 
14 559-569 (May) 1939 

271 Vollmer, H Treatment of Rickets and Tetany with a Single Massrve 
Dose of Vitamin D Vitamin D Shock Therapy, J Pediat 14 491-501 (April) 
1939 

272 Harnapp, G O Die Stossprophylaxe der Rachitis, Deutsche med 
W chnschr 64 1835-1837 (Dec 16) 1938 

273 Brockmann, H Zur Therapie und Prophylaxe der Rachitis nut einmaliger 
Stossdosis von Vitamin D» und Ds, Ztschr f Kinderh 60 359-370 (Dec 19) 
1938 

274 Gill, A M Vitamin-Resistant Rickets, Arch Dis Childhood 14 50-63 
(March) 1939 

275 Knapp, A A Results of Vitamin-D-Complex Treatment of Kerato- 
conus Preliminary Study, Am J Ophth 22 289-292 (March) 1939 

276 King, H , and Hamilton, C M Pemphigus Controlled by Vitamin D, 
Arch Dermat & Syph 39 515-517 (March) 1939 

277 Brandaleone, H The Effect of the Direct Application of Cod Liver Oil 
upon the Healing of Ulcers of the Feet m Patients with Diabetes Mellitus, Ann 
Surg 108 141-152 (July) 1938 



WILDER ET AL— METABOLISM AND NUTRITION 


451 


VITAMIN E 

Chemical and Physiologic Propci ties— Recent advances in the chem- 
ical study of vitamin E have been consideied m a ievie\v by Bachaiach 278 
Emei son and his associates 279 lepoited that gamma tocopheiol is 

approximately equal m vitamin potency to beta tocopherol and is 

definitely a moie poweiful antioxidant 

In an extensive study Bai l le 2S0 showed that m rats on a diet pai tially 
deficient in vitamin E the length of gestation bears an mveise i elation 
to the amount of vitamin E m the diet In addition paialysis among 
young lats owing to vitamin E deficiency of the mothei rat is the lesult 
of the inability of the mother rat to secrete vitamin E m the milk This 
paialysis can be cuied by administration of vitamin E Mullei 281 

leported that vitamin E is also secieted m human nnlk According to 

Barite , 282 piolonged vitamin E deficiency caused fibiosis of the utenne 
muscle m tats, and m a ceitain number of animals leiomyoma developed 

Evans and Ernei son 283 and Dingemanse and van Eck 284 wei e unable 
to confirm pievious reports that tumois weie pioduced in rats by giving 
laige doses of wheat genn oil foi long penods These two gioups 
of woikeis weie unable to produce abdominal neoplasms with such 
treatment 

Seveial gioups of woikers 285 have been able to pioduce musculai 
dystiophy by maintaining animals on diets deficient in vitamin E fiom 
bnth Recoveiy was produced by admimsteimg vitamin E, but function 
lemamed nnpaued Mackenzie and McCollum 2850 found that alpha 

278 Bacharach, A L Recent Research on Vitamin E, Nutntion Abstr & 
Rev 7 811-822 (April) 1938 

279 Emerson, O H , Emerson, G A , and Evans, H M The Occurrence of 
Gamma Tocopherol in Corn Embryo Oil, Science 89 183 (Feb 24) 1939 

280 Barrie, M M O The Effect of Vitamin E Deficiency on the Rat 

I Duration of Gestation, Biochem J 32 1467-1473 (Sept) 1938, II Lactation, 
ibid 32 1474-1478 (Sept) 1938 

281 Muller, C Ueber den Antisterilitatsfaktor (Vitamin E) in der Frauen- 
milch, Schweiz med Wchnschr 66 1164-1165 (Nov 21) 1936 

282 Barrie, M M O Vitamin E Deficienc) in the Rat, Fertility m the 
Female, Biochem J 32 2134-2137 (Dec ) 1938 

283 Evans, H M , and Emerson, G A Failure to Produce Abdominal 
Neoplasms in Rats Receiving Wheat Germ Oil Extracted m Various Ways, Proc 
Soc Exper Biol & Med 41 318-320 (June) 1939 

284 Dingemanse, E, and van Eck, W F Wheat Germ Oil and Tumor 
Formation, Proc Soc Exper Biol & Med 41 622-624 (June) 1939 

285 (a) Knowlton, G C, and Hines, H !M Effect of Vitamin E Deficient 
Diet upon Skeletal Muscle, Proc Soc Exper Biol & Med 38 665-667 (June) 

1938 ( b ) Knowlton, G C , Hmes, H M , and Brmkhous, K M Effect of 
Wheat Germ Oil upon E-Deficient Muscular Djstrophy, ibid 41 453-456 (June) 

1939 (c) Mackenzie, C G, and McCollum, E V Vitamin E and Nutritional 
Muscular Djstrophy, Science 89 370-371 (April 21) 1939 
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tocopheiol was one of the factors deficiency of which is involved m 
causing experimental muscular dystrophy m labbits Verzai 28(5 made 
similar observations and showed fuither that it is possible to counteiact 
the creatinuna of animals with musculai dystrophy by means of a 
synthetic vitamin E 

Clinical Application of Vitamin E — Widenbauer, 287 over a peiiod 
of two yeais, treated 17 prematuie infants with wheat geim oil, 2 pie- 
mature infants serving as controls weie given olive oil Eleven of the 
17 premature infants who were given vitamin E gained rapidly after 
pievious arrest of growth However, this small amount of matenal 
does not permit definite conclusions 

In a round table discussion of vitamin E, Biowne 288 pointed out that 
if all the lepoits concerning the use of vitamin E m cases of human 
aboition are taken together, it is appaient that the use of wheat geim 
oil m habitual aboition is successful in about 75 to 80 per cent of the 
cases This appears convincing, but equally good oi better results have 
been obtained by othei methods of treatment Browne reported the 
following expei lence in 18 cases of habitual abortion Eight of the 
patients were treated with piogestm and 3 with vitamin E, 7 leceived 
no treatment In no instance was theie an abortion in the tieated 
patients, but all 7 of the untreated control patients also obtained living 
childien at term The statement of Wilbur that at present there is no 
duect evidence that vitamin E is connected with human metabolism 
still stands 

VITAMIN K 

Chemical and Physiologic Pi opei ties — Much has been added to our 
knowledge of the chemical properties of vitamin K In May 1939 
McKee and his associates 289 reported the isolation of vitamin K x from 
alfalfa and vitamin K 2 from putiefied fish meal and presented evidence 
to indicate a quinonoid structure foi these vitamins , furthei work has 

286 Verzar, F Kreatinune bei Mangel an Vitamin E und lhre Heilung durch 
dl-a-Tocopherol, Schweiz med Wchnschr 69 738-741 (Aug 19) 1939, abstracted, 
JAMA 113 1448 (Oct 7) 1939 

287 Widenbauer, F Versuche mit Weizenkeimol (Vitamin E) bei der Auf- 
zucht von Fruhgeburten, Ztschr f Kinderh 60 216-221 (Oct 15) 1938 

288 Browne, F J Discussion on Vitamin E, Proc Roy Soc Med 32 863- 
864 (June) 1939 

289 McKee, R W , Binkle} , S B , MacCorquodale, D W , Thayer, S A , and 
Doisy, E A The Isolation of Vitamins Ki and K s , J Am Chem Soc 61 * 
1295 (May) 1939 
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substantiated these pielinnnary statements 2 " 0 Almquist and Klose 201 
repotted recently that phthiocol (2-methy 1-3-hydroxy- 1,4-naphthoqui- 
none) possesses physical and chemical propeities similai to pme vitamin 
Kj It has been shown by Almquist and Klose that phthiocol when 
given at a level of 20 mg pei kilogram of diet is effective in pi eventing 
hemorrhagic diathesis in chicks existing on a diet deficient m vitamin 
K They as well as Ansbachei and Fernholz 202 agieed that the activity 
of phthiocol is lowei than that of the more complex foim of vitamin Iv 
existing in alfalfa 

Thayer and his associates 203 and MacCoi quodale and his co-woik- 
eis 294 reported the structuie of the vitamin K x molecule to be 2-methy 1- 
3-phytyl-l,4-naphthoquinone, and fuitbei woilc by Binkley and his 
associates 295 confiimed thiough synthesis this leport of the stiuctuial 
foim of vitamin K x Then expenments demonstiated conclusively 
that the formula 2-methyl-3-phytyl-l,4-naphthoquinone is collect This 
woik has been confiimed by Fiesei and his associates, 290 who also 
descnbed the synthesis of vitamin K x Fieser and his co-woikeis 
suggested also that vitamin Iv 2 is 2,3-difarnesyl-l,4-naphthoquinone 
Several gioups of woikeis 297 demonstrated that 2-methyl-l,4-naphtho- 
quinone possesses high antihemon hagic activity, and Thay^ei suggested 
that since the activity of 2-methyl- 1, 4-naphthoquinone is approximately 
equal to that of puie vitamin K x , it be adopted as a basic standaid foi 
assay of vitamin K The compound does have desnable qualities foi 
standardization in that it is leadily obtainable in a satisfactoiy state of 
purity, possesses a definite melting point foi chaiacterization and is 
lelatively stable when protected from excessive exposuie to light The 

290 Binkley, S B , MacCorquodale, D W , Cheney, L C , Thayer, S A 
McKee, R W, and Doisj, E A Derivatives of Vitamins K, and K-, J Am 
Chem Soc 61 1612-1613 (June) 1939 

291 Almquist, H J , and Klose, A A The Anti-Hemorrhagic Activity of 
Pure Synthetic Phthiocol, J Am Chem Soc 61 1611 (June) 1939 

292 Ansbacher, S , and Fernholz, E Simple Compounds with Vitamin K 
Activity, J Am Chem Soc 61 1924-1925 (July) 1939 

293 Thayer, S A , Clienev, L C , Binkle\, S B MacCorquodale, D W, 
and Doisy, E A Vitamin K Activity of Some Quinones, J Am Chem Soc 
61 1932 (July) 1939 

294 MacCorquodale, D W , Bmkle\, S B , Thajer, S A, and Dois\, E A 
On the Constitution of Vitamin Ki, J Am Chem Soc 61 1928-1929 (Juh) 
1939 

295 Binklev, S B , MacCorquodale, D W , Thaver, S A, and Dois\ E \ 
The Isolation of Vitamin K,, J Biol Chem 130 219-234 (Sept) 1939 

296 Fieser, L F , Bowen, D M , Campbell, W P , Tieser, M , Fr\, E M , 
Jones, R N , Riegel, B , Schweitzer, C E, and Smith, P G Quinones Having 
Vitamin IC Activ ltv , J Am Chem Soc 61 1925-1926 (Juh) 1939 

297 Thaver and others 2 " 3 MacCorquodale and others 204 



454 


ARCHIVES OF INTERNAL MEDICINE 


same workers suggested that by adopting this substance as the standaid 
for assay the unit could be defined in terms used by the League of 
Nations’ Committee as the specific vitamin K activity of 1 microgiam 
of pure 2-methyl-l,4-naphthoqumone 

Little is known about the physiologic effect of vitamin K 
Gi eaves 29s demonstrated that bile is essential for its absorption and that 
m animals subsisting on a diet deficient in vitamin K bile alone has no 
effect on the hemorrhagic tendency, whereas vitamin K plus bile salts 
has immediate effect This author has found that concentrates of 
vitamin K are effective in the rat when administered either subcuta- 
neously or mtraperitoneally Greaves 299 also pointed out that although 
many fat-soluble vitamins are stored in large amounts in the body and 
held m reseive for times of need, this is not true of vitamin K 

The exact mode of action of vitamin K is not known It has been 
suggested that vitamin K acts as a necessaiy building stone for the 
formation of prothrombin, and others have suggested that it is earned 
as a prosthetic group on the prothrombin molecule Dam and his 
associates 300 showed that vitamin K m concentrated foim does not 
contribute m vitro to the coagulability of blood or plasma from K 
avitaminotic chicks They further demonstrated that removal of the 
spleen does not alter the response of K avitaminotic buds to the vitamin 
Warnei 301 reported that partial hepatectomy in animals results in a 
decrease m the concentration of prothrombin in the cn culatmg blood and 
that the decrease m prothrombin is, to some extent, correlated with 
the amount of liver removed Rhoads and his associates 303 demon- 
strated that hepatectomy in dogs results in a rapid fall of the level of 
piothrombm m the circulating blood 

Methods of Measunng Piotluombin — To use vitamin K intel- 
ligently, the physician must have a satisfactory method of measuring 
the concentration of prothrombin in the cucula ting blood Four methods, 
all of them indirect and not entirely satisfactory on physiologic grounds, 

298 Greaves, J D The Nature of the Factor Which Is Concerned in Loss 
of Blood Coagulability of Bile Fistula in Jaundiced Rats, Am J Physiol 125 
423-438 (March) 1939 

299 Greaves, J D , in discussion on Butt, H R , Snell, A M , and Osterberg, 
H E The Preoperative and Postoperative Administration of Vitamin K to 
Patients Having Jaundice, JAMA 113 383-390 (July 29) 1939 

300 Dam, H , Glavm, J , Lewis, L, and Tage-Hansen, E Studies on the 
Mode of Action of Vitamin K, Scandinav Arch f Physiol 79 121-133 (Aug ) 
1938 

301 Warner, E D Plasma Prothrombin Effect of Partial Hepatectomy, J 
Exper Med 68 831-835 (Dec ) 1938 

302 Warren, R , and Rhoads, J E The Hepatic Origin of the Plasma- 
Prothrombin Observations After Total Hepatectomy in the Dog, Am J M Sc 
198 193-197 (Aug) 1939 
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are now available The first is the method of Quick and his associates , 303 
which is well adapted for the clinical laboiatoiy and is at present used 
widely The second method, that of Wamei and his associates , 301 
measures the concentration of prothiombm quantitatn ely and is adapted 
geneially only to the resources of a large laboiatory with a staff of 
expei tly trained technicians A third method, developed by Dam and 
otheis , 303 is a modification of that of Fishei and depends somewhat on 
the same pi mciple as that of Quick and his associates This method has 
not been used generally m this countiy The fourth method, developed 
by Ziffien and his co-woikers, 30G is a simple bedside method of com- 
paung the clotting tune of normal blood with that of the specimen m 
question aftei thi omboplastm has been added to each The unknown 
is expressed m percentage of the normal It should be emphasized that 
the choice of the most effective method depends somewhat on the experi- 
ence and facilities of the physician concerned 

Clinical Applications — It has now been well established in this 
country and abroad that concentiates containing vitamin K 01 puie 
synthetic products exhibiting a high antihemoi rhagic activity are useful 
m elevating the level of piothiombin in the cn dilating blood of patients 
who exhibit hypopiothiombinemia 307 These seveial articles indicate 

303 Quick, A J, Stanley-Brown, M, and Bancroft, F W A Study of 
the Coagulation Defect in Hemophilia and in Jaundice, Am J M Sc 190 501-511 
(Oct) 1935 

304 Warner, E D , Brinkhous, K M , and Smith, HP A Quantitative 
Study on Blood Clotting Prothrombin Fluctuations Undei Experimental Condi- 
tions, Am J Physiol 114 667-675 (Feb ) 1936 

305 Dam, Ii , Glavind, J , Lewis, L, and Tage-Hansen, E Studies on the 
Mode of Action of Vitamin K, Scandmav Arch f Physiol 79 121-133, 1938 

306 Ziffren, S E , Ow'en, C A , Hoffman, G R , and Smith, Ii P Control 
of Vitamin K Therapy Compensatory Mechanisms at Low Prothrombin Levels, 
Proc Soc Exper Biol & Med 40 595-597 (April) 1939 

307 (a) Butt, H R , Snell, A M , and Osterberg, A E The Preoperative 

and Postoperative Administration of Vitamin K to Patients Having Jaundice, 
JAMA 113 383-390 (July 29) 1939 ( b ) Smith, H P , Ziffren, S E , 

Chven, C A , and Hoffman, G R Clinical and Experimental Studies on Vitamin 
Ii , ibid 113 380-383 (July 29) 1939 (c) Dam, H , and Glavind, J The 

Clotting Pow r er of Human and Mammalian Blood m Relation to Vitamin K, 
Acta med Scandmav 96 108-128, 1938 ( d ) Stew’art, J D Prothrombin Defi- 

ciency and the Effects of Vitamin Ii in Obstructive Jaundice and Biliary Fistula, 
Ann Surg 109 588-595 (April) 1939 ( c ) Rhoads, E J The Relation of 

Vitamin Ii to the Hemorrhagic Tendency in Obstructne Jaundice, with a Report 
of Cerophyl as a Source of Vitamin Ii, Surgery 5 794-808 (May) 1939 (/) 

Claik, R L, Jr , Dixon, C F , Butt, H R, and Snell, A M Deficiency of 
Prothrombin Associated with Various Intestinal Disorders Its Treatment with 
the Antihcmorrhagic Vitamin (Vitamin Ii), Proc Staff Meet , Ma\o Clin 14 
407-416 (June 28) 1939 
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that a deficiency of prothiombm exists in a nurnbei of conditions which 
can be corrected by the admimstiation of vitamin K A deficiency of 
prothrombin apparently may occui in the following groups 

1 Human beings who aie on a diet inadequate m vitamin K 

2 Newborn infants Waddell and his associates 308 reported a fairly 
common deficiency of prothrombin which responds to the administration 
of vitamin K by mouth, the mechanism of which is not entirely clear 

3 Persons in whom intestinal absorption is inadequate owing to 
(a) lack of bile in the intestine in consequence of poor secretion of 
bile salts, ( b ) various intestinal lesions and (c) obstruction of the bile 
ducts from any cause 

4 Persons with primary hepatic mjmy There is considerable 
evidence to indicate that the livei pla}S an active part in the formation 
of piothiombin, and injury of that organ can be the cause of a deficiency 
of prothrombin In patients with primary hepatic disease seveial authors 
have noted poor response to even large doses of vitamin Iv administered 
orally, intramuscularly oi intravenously 

In the early work on vitamin K, concentiates of alfalfa were admin- 
istered together with bile salts by mouth, and in a few instances these 
oily concentrates were administered intramuscularly Using these 
methods of admimstiation, Butt and his associates 30711 reported that 
none of the 127 patients with jaundice who received this medication 
had any untoward reactions, although doses as large as 20 Gm iveie 
administered at one time In most of these cases in which hypopro- 
thrombinemia was exhibited a decrease in the prolonged prothrombin 
clotting time occuned after the administration of concentiates of alfalfa 
and bile salts Smith and his associates 307b and Stewart 307d reported 
similar observations 

The lecent development of synthetic compounds possessing anti- 
hemorrhagic activity has led to the general use of these materials as a 
substitute for the concentrates of alfalfa Smith and his associates 300 
and Butt and his associates 310 demonstrated that phthiocol administered 

308 Waddell, W W, Jr, and Guerry, Du P III Effect of Vitamin K on the 
Clotting Time of the Prothrombin and the Blood, with Special Reference to 
Unnatural Bleeding of the Newly Born, JAMA 112 2259-2263 (June 3) 
1939 

309 Smith, H P , Ziffren, S E , Owen, C A , and Hoffman, G R Clinical 
and Experimental Studies on Vitamin K [note at end of paper], TAMA 
113 383 (July 29) 1939 

310 Butt, H R , Snell, A M , and Osterberg, A E Phthiocol Its Thera- 
peutic Effect m the Treatment of Hypoprothrombinemia Associated with Jaundice, 
a Preliminary Report, Proc Staff Meet , Mayo Clin 14 497-502 (Aug 9) 1939 
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by the mtiavenotis loute is eftective in mci easing the le\el of pro- 
tluombm in the circulating blood of patients haung h) popi otln om- 
hincraia The 10 patients treated by Butt bad no untowaid reactions, 
and the prolonged piothiombin clotting time of all decreased to neaih 
normal within twelve to twenty-four houis aftei the administration of 
phthiocol Since that repoit several cases of curhosis of the h\ei ha\e 
been encounteied in which the administration of phthiocol did not 
result in decreasing the piolonged piothiombin clotting time 

The compound 2-methyl- 1 , 4-naphthoquinone has been found effec- 
tive in elevating the level of prothiombm in the blood when admimsteied 
in doses of 1 mg” 11 Othei woikers 332 have found this material effective 
when it is given m doses of 1 to 2 mg togethei with 5 to 10 giams 
(0 3 to 0 65 Gm ) of animal bile salts by mouth to patients with hypo- 
pi othrombinemia In several cases it has been given m doses of 1 mg 
with effective lesponse No untoward leactions weie noted when the 
material was admimsteied by mouth oi intiavenously 

The synthetic naphthoquinones which have a marked antihemorihagic 
activity are definitely easiei to handle, and undoubtedly they will even- 
tually leplace the oldei concentiates now employed, howevei, until 
these synthetic compounds have had widei clinical usage, it will be best 
to proceed cautiously 

GENERAL FEATURES IN NUTRITION 

The lepoits on vitamins during the past year have indicated clcailv 
that many act in fundamental biologic piocesses as factois in oxidation 
and i eduction and that some of these necessaiy substances as they occui 
in food aie not vitamins in then final fonns but are piecuisors of tbe 
tiue vitamins Theie has been much experimental evidence from nutn- 
tional laboi atones Although this woik has pointed the way, the repoits 
must be scrutinized caiefully It has been well established that such 
lesulls may not in eveiy case unequivocally link the substance with 
deficiency in man Russell 31 " pointed out that the simplest and most 
fundamental fact that can be stated with regard to the relation of 
vitamins to disease is that a given vitamin will not cure a deficiency 
caused by the lack of another -vitamin Theie is little doubt that clinical 

311 Fernholz, E, and Ansbacher, S Vitamin K Activitj of Synthetic Phthi- 
col, Science 90 215 (Sept 1) 1939 

312 Butt, H R , Snell, A M , Osterberg, A E, and Bollman, J L Unpub- 
lished data 

313 Russell, W C Vitamins in the Nutrition of Animals, T Um Vet M A 
94 81-89 (reb ) 1939 
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observation is one of the most important factors m recognizing deficiency 
diseases However, the rapid progress in the chemical and biologic 
assays of vanous vitamins gives hope that such methods will provide 
valuable aids for diagnosis in vitamin deficiencies 

Little is known of dietaiy requirements in disease with lefeience to the 
vitamins It appears that the normal resistance of the human organism 
to some vitamin deficiencies is remarkable In fact, it appears almost 
that some independent disease must be acquned before avitaminosis 
becomes manifest Obviously the vitamin needs of the body m disease are 
very different from those m health, and it is well recognized that the 
absorption of vitamins may be altered in pathologic conditions of the 
gastrointestinal tract, by pionounced diuresis or diarrhea, by increased 
metabolism, by hepatic mjuiy 01 by obstruction to the flow of bile into 
the intestinal tiact This interrelation of the vitamins is an interesting 
and impoitant pioblem Collett and Enksen 314 found that vitamins 
A and D have no antagonistic action on vitamin C m the guinea pig 
and that in vitro vitamins A and D have no destructive chemical action 
on vitamin C Howevei, laige doses of cod liver oil were found to 
inhibit the antiscorbutic action of vitamin C 

F 01 hfication of Foods — The second portion of the lecent lepoit by 
the Council of Phannacy and Chemistiy and the Council on Foods of 
the American Medical Association 315 dealt with the foitification of foods 
with vitamins Three years ago these councils decided that the^geneial 
and indiscriminate fortification of foods with vitamins as well as with 
minerals should be discouraged At that tune numeious products were 
advertised, with much stress being placed on their fortification with 
vanous health-giving, “pep”-givmg vitamins The councils had to 
frown on such indiscriminate foitifications, mainly because the items 
selected for fortification, such as candy, whisky and pop, aie not lecog- 
mzed as normal carrieis of vitamins 

It is obvious that improvement of foods should not be piolnbited, 
but the Council on Foods remains of the opinion that foitification with 
vitamins and minerals should be controlled There are several reasons 
for this stand 1 Even the lequirements of the vitamins of known 
significance in human nutrition are still under investigation, and the 
optimal quantities of any of them are far from being established 2 

314 Collett, E, and Enksen, B Interrelations of the Vitamins, Biochem I 
32 2299-2303 (Dec ) 1938 

315 The Status of Certain Questions Concerning Vitamins Based on Recom- 
mendations of the Cooperative Committee on Vitamins, Report of Council of 
Pharmacy and Chemistry and Council on Foods, JAMA 113 589-595 (Aug 
12) 1939 
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Although dietaiy deficiencies are not limited to any one group, the) are 
certainly most likely to appear among persons with low incomes, and 
in fortifying any food consideiation of the cost should be given caieful 
thought, since a higher cost of the product may defeat the pui pose of 
foitification 

Several recent leports indicate that if the aveiage diet is caiefull) 
selected adequate amounts of minerals and -vitamins are likely to be 
piesent Piouty and Cathcart 310 in an extensive study of the 39 most 
popular commeicial loaves of white biead fiom 33 bakenes in 27 states 
repoited that the aveiage peicentage of calcium found was neatly three 
times that repoited by previous investigators They pointed out that 
the mci eased use of milk solids and yeast foods has inci eased con- 
siderably the calcium content of commercial white bread On the basis 
of then lesults, six slices of aveiage commeicial white bread will supply 
appioximately 30 pei cent of the daily lequnement of calcium of the 
aveiage adult, provided the total amount of calcium is assimilated In 
England, Copping 317 is of a diffeient opinion He concluded that in 
oi del to legain all that has been lost by the ultiamilling of floui the 
population must change back to whole meal This, of couise, necessitates 
aliening the tastes of the people and ovei coming the vested interest in 
the existing milling industry The advantage to be gained in national 
health would piobably make such a tiemendous undei taking well woilh 
while, but it seems now that disci lminate fortification with vitamins 
and mineials may offei a solution moie leadily obtainable Many feel 
with Elvehjem 318 that “this countr) is still sufficiently agncultuial to 
pioduce the foods adequate foi a noimal diet, so that we may consume 
pleasing foods rathei than obtaining om vitamins from the diug stoie 
except m emeigencies ” 

The piesent attitude of the Council on Foods 310 is given in the 
following statement taken from the minutes of its annual meeting 

The Council on Foods desires to encourage the restorative addition of vitamins 
oi minerals or other dietary essentials, in such amounts as will raise the content 
of vitamin or mineral or other dietary essential of general purpose foods to recog- 
nized high natural levels , with the provision that such additions are to be limited 
to vitamins or minerals or other dietary essentials, for which a wider distribution 
is considered by the Council to be m the interest of the public health 

316 Proutj, W W, and Cathcart, W H The Calcium Content of White 
Bread, J Nutrition 18 217-226 (Sept 10) 1939 

317 Copping, A M The Nutritive Value of Wheaten Flour and Bread, 
Nutrition Abstr S. Rev 8 555-566 (Jan ) 1939 

318 Elvehjem, C A Nicotinic Acid in Nutrition, Ann Int Med 13 225-231 
(Aug) 1939 

319 Report of the Annual Meeting of the Council on Foods, J A. M A 
113 680-681 (Aug 19) 1939 
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The Council is opposed to the indiscriminate fortification of general purpose 
toods with vitamins or minerals or other dietary essentials By fortification is 
meant the addition to a food of such an amount of a vitamin or other dietary 
essential as to make the total content larger than that contained in any natural 
(unprocessed) food of its class 

The following fortifications are recognized by the Council as being in the 
interest of the public health (1) the addition of vitamin D to milk to an extent 
not to exceeed 400 units per quart, no objection being made when the added vita- 
min is obtained fiom a natural source, if it carries with it one or more other 
vitamins , (2) the addition of vitamin A to substitutes for butter to an extent 
not to exceed the amount of vitamin A in butter of high natural content of vitamin 
A, no objection being made when the added vitamin is obtained from a natural 
source, if it carries with it one or more other vitamins , (3) the addition of iodine 
to table salt in an amount not to exceed one part of sodium or potassium iodide 
for each 5,000 parts of salt, (4) the addition of calcium salts to wheat flour or 
other cereal product in an amount such that the calcium content of the finished 
product does not exceed 0 075 Gm for each 100 calories, and (5) the addition of 
iron to wheat flour oi other cereal product in an amount such that the iron con- 
tent of the finished product does not exceed 0 0015 Gm (15 mg) for each 100 
calories 



News and Comment 


Ella Sachs Plotz Foundation for the Advancement o£ Scientific Inves- 
tigation — Sixty-tw'o applications for giants were receiied by the trustees of the 
Ella Sachs Plotz Foundation foi the Advancement of Scientific Investigation 
dunng 1939 Thirty of these came from the United States and the other thirty- 
two from foui teen different countnes in Europe, Asia, Africa, South America 
and North Ameuca Thirty-two grants were made during the year, one being 
a continued annual grant 

In the sixteen years of its existence the foundation has made three hundred 
and seventy-two grants, which have been distributed to investigators in Argentina, 
Austna, Belgium, Biazil, Canada, Chile, China, Czechoslovakia, Denmark, Egvpt, 
Estonia, Finland, France, Germany, Great Britain, Greece, Hungary, Iraq, Italv, 
Latua, Lebanon, Nethei lands, North Africa, Norway, Palestine, Poland, Portugal, 
Rumania, South Africa, Sweden, Switzerland, Syria, Venezuela, Yugoslavia and 
the United States t 

During the piescnt gieat need for funds, grants will be given in the sciences 
closely 1 elated to medicine without lefeience to special fields The maximum 
grants will usually be less than $500 

Applications for giants to be held dunng the jcai 1940-1941 must be m the 
hands of the executive committee befoie April 1940 Letteis asking for aid must 
state definitely the qualifications of the investigator, an accuiate description of 
the icseaich, the size of the giant lequested and the specific use of the money to 
be expended In then requests foi aid, applicants should state whether they ha\c 
appioached other foundations foi financial assistance It is highly desnable to 
include letteis of i ecommcndation from the directors of the departments in which 
the woik is to be done Only applications complying with the foregoing conditions 
will be consideied 

Applications should be sent to Di Joseph C Aub, Collis P Huntington 
Memorial Hospital, 695 Huntington Avenue, Boston, Mass , U S A 

Studies on Pellagra — Dr V P Sydenstricker, professor of medicine at the 
Univeisity of Georgia School of Medicine, w'as recently aw'ardcd a grant of ^6,000 
by The John and Mary R Markle Foundation for the continuation of Ins studies 
on pellagra During the spring Dr Sydenstricker will present the following 
papers “Acute Deficiency Syndromes,’’ at the Johns Hopkins Medical and Sur- 
gical Association, Baltimore, February 23, “The Piescnt Status of Nicotinic 
Acid,’’ at the Fcdciation of American Societies for Experimental Biologj, New' 
Oilcans, Match 15, "The Clinical Manifestations of Nicotinic Acid and Ribofiaunc 
Deficiency” (clinical lecture), at the American College of Physicians, Cle\ eland, 
April 1, “The Relation of Gastrointestinal Disease to A\ itaminosis,” at the New 
Yoik Chapter of the American Gastroenterological Association, New- York, April 
15, and “Multiple Deficiency Features of Pellagra,” at the Eighth Pan-American 
Scientific Congress, Washington, D C , Ma} 10 
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Immunity Principles and Application in Medicine and Public Health 
An Exposition of the Biological Phenomena of Infection and Recovery of the 
Animal Body from Infectious Disease, with Consideration of the Application 
of the Principles of Immunity to Diagnosis, Treatment and Prophylaxis and 
Their Usefulness in the Control of Epidemics By Hans Zinsser, M D , Pro- 
fessor of Bacteriology and Immunology, Harvard Medical School, John F 
Enders, Ph D , Assistant Professor of Bacteriology and Immunology, Harvard 
Medical School, and LeRoy D Fothergill, M D , Assistant Professor of Bac- 
teriology and Immunology and Associate m Pediatrics, Harvard Medical 
School New York The Macmillan Company, 1939 

This, the fifth edition of the excellent book originally called “Resistance to 
Infectious Diseases,” constitutes not only a revision but an expansion In practical 
development and increasing application in clinical and preventive medicine, immu- 
nology has extended beyond the confines of the laboratory and the concern of the 
pure scientist t Today a knowledge of immunology is essential in the practice of 
medicine and of public health Consistent with the rapid growth of the subject, 
section I, “Principles and Theories,” has been revised by the elimination of much 
outdated matenal, the modernization of that retained and the addition of the large 
accumulation of recent years The expanded section II, “Special Immunological 
Problems in Individual Infections,” is especially worthy of note This section 
treats at length the different phases of immunology as they pertain to preventive 
and curative medicine and diagnosis, comprehending the viiuses, nckettsiae, the 
organisms of syphilis, tuberculosis, diphtheria and anaerobic infections, hemolytic 
streptococci and staphylococci and the organisms of meningitis, pneumonia and 
acute intestinal infections Its utilitarian aspects will prove particularly interest- 
ing and valuable to the clinician and none the less important to the specialist The 
book may be recommended to the student, laboratoiy worker and practitioner as 
an able exposition of immunologv 

Necrosis aguda del pancreas (pancreatitis edematosa y hemorragica) 
By Dr Jose M A Delno Pp 242 Buenos Aires Aniceto Lopez, 1937 

The author has written an excellent monograph The volume is 242 pages in 
length and has a fine bibliography 

The following conclusions are drawn 

1 Sixty per cent of human beings ha\e a common duct of Wirsung, and the 
control of the sphincter of Oddi depends on the biliary duodenal reflux 

2 The physiopathologic transformation produced by diseases of the biliary 
system and duodenum is caused by the failure of the normal defense mechanisms 
In 60 per cent of the cases of acute pancreatitis abnormality exists in the biliary 
tract and duodenum 

3 One is forced to admit the multiplicity of pathogenesis, since m many cases 
the disease takes a lymphovascular route, while in many cases there exists a con- 
comitant hepatobiliary disease 

4 One admits the existence of edematous pancreatitis of the following origins 
idiopathic, lymphovascular, anaphylactic and inflammatory The so-called edema- 
tous and hemorrhagic pancreatitis must be considered as part of the process of 
necrotic pancreatitis The first phase is edema and the second more or less 
extensive necrosis As a consequence this condition should be called pancreatic 
necrosis in either an edematous or a hemorrhagic state and for clinical simplicity 
should be called acute, subacute or chronic pancreatic necrosis 
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5 Panel catic neciosis is a relatnelj frequent disease 

6 It has a charactei istic clinical picture, which, however, does not ncccssaril} 
follow the anatomic-pathologic process present 

7 The diagnosis is possible in most cases with the clinical facilities at hand, 
and only rarely is the picture such as to render the diagnosis impossible 

8 The prognosis is usually hopeless when considerable invohement has taken 
place It is only relatively fa\orable for subacute and chrome disease It depends 
primarily on the amount of involvement and secondarily on the stage of the disease 

9 Surgical intervention is useless in the acute stages and is considered harm- 
ful in the subacute and the chronic stage Its only indications are the presence of 
a calculus in the ampulla or evidence of abscess formation The ideal tieatment 
consists in the treatment of the causes One should not consider these indications 
if either a phlegmon or a true gangrene exists when operation is indicated 11ns 
also holds true if the process of autodigestion is taking place 

Most of the apparent clinical cures of severe disease are due to an error in 
diagnosis 



Notices 


CUMULATED INDEX OF THE ARCHIVES OF 
INTERNAL MEDICINE 

Requests have been received for a twenty yeai index of the Archives 
of Internal Medicine Before serious consideration is given to the 
production of a cumulated index, it is desirable to know whether the 
demand for it would be sufficient to warrant its sale at not to exceed §5 
a copy It will be appi eciated if those who are interested m such an 
index will fill out the foim which appears below and send it to the 
Managing Editor at the publication office, 535 North Dearborn Stieet, 
Chicago 


I SHOULD BE WILLING TO SUBSCRIBE TO A CUMU- 
LATED INDEX OF THE ARCHIVES OF INTERNAL MEDICINE 
AT $5 00 


NAME 

ADDRESS 


DATE 
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TOXIC HEPATITIS 

I X 1 LRMEDI AR\ TAI\L TORM WITH ENL \RGEMENT 01' 1IIE 
LI\ ER , A CLINICAL AND PATHOLOGIC SILD\ 

J D KIRSHBAUM, MD 

AND 

II POPPER, M D * 

CHICAGO 

Toxic hepatitis is Known to both clinician and pathologist Patholo- 
gists know the fatal foint, acute }ellow oi led atrophy, chaiacten/ed 
giossly by the small atiophic livei and micioscopically by neciosis of the 
livei cells Clinicians aie mote familial with a nonfatal form of 
hepatitis, of which so-called catarihal jaundice is typical In cases 
of the lattei condition the livei is usually enlaiged, and since lecovery is 
the usual outcome, knowledge of the pathologic changes is meager, 
except foi a few histologic descuptions which are available fiom biopsies 
of the livei oi fiom autopsy m cases of accidental death (Klcmperei 1 
Schiumpf , 2 Poppet ," 5 Eppmgei and his associates 1 and Aschoff”’) 

Eppmgeu G was the hist to state that catanhal jaundice is the 
mmiatuie foim of acute jellow atiophy The few histologic observa- 
tions available confirm the statement, later supported by Gaskell , 7 Boyd 8 
and otheis Animal expei intents with allylfoinnate intoxication by 
Poppei 0 have levcaled the tiansition from catairhal jaundice to acute 
atiophy of the livei 

* Research Fellow in the Cook County Graduate School of Medicine 

Fiom the Department of Pathology of the Cook Count} Hospital and the Cook 
County Graduate School of Medicine 

1 Klemperer, P , Killian, J A, and Heed, C G Pathology of “Icterus 
Catan halis,” Arch Path 2 631 (No\ ) 1926 

2 Schrumpf, A Ann d’anat path 9 17, 1932 

3 Popper, H Ztschr f him Med 131 161, 1937 

4 Eppingcr, H , Kaunitr, H , and Popper, II Die serose Entzundung, 
Berlin, Julius Spunger, 1935 

o Aschoff, L Verhandl d dcutsch Gesellsch f mn Med 44 261, 1932 

6 Eppingcr, H Die Lebcrhranhheiten, Berlin, Julius Springer 1937 

7 Gaskell, J F J Path & Bact 36 257, 1933 

5 Bo}d, W The Patholog} of Internal Diseases, ed 2, Philadelphia, Lea &. 
Febigcr, 1936 

9 Popper, II Wien khn Wchnschi 49 207. 1936 
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It is natural, then, to ask what causes the enlargement of the liver 
m catairhal jaundice and how the contrast to the smallness of the liver m 
acute yellow atrophy may be explained 

This question prompted oui study of a group of 15 cases m which 
jaundice was fatal The liver was obseived to be enlaiged at autopsy, as 
in catarihal jaundice, whereas the clinical pictuie was that of an acute 
fulminating hepatic disease, with death occurring within a short time, as 
m cases of acute yellow atiophy of the livei In a review of the liteia- 
ture and modem textbooks of medicine, one fails to find a thorough 
description of cases such as ouis 

In addition to the repoited cases of typical catarrhal jaundice 
mentioned previously, we have found refeience to cases similar to ours 
m the textbook of Eppmger, 6 who reviewed 63 cases of clinical acute 
yellow atrophy Of this group, he classified 17 as instances of catanhal 
jaundice Histologically, there were 1 case of diffuse serous hepatitis 
with dissociation, 12 cases of central necrosis, 1 case of peripheral 
necrosis and 3 cases of fatty degeneration similar to that in phosphorus 
poisoning In this series of cases no mention is made of the size of the 
liver, whethei it was enlaiged or shi unken 

In 1932 the late Dr Jaffe 10 called attention to a case of acute toxic 
hepatitis characterized by jaundice of two weeks’ duration At autopsy 
enlargement of the liver was noted, and microscopic examination showed 
marked separation of the liver cells and cloudy swelling From 1929 to 
1939, in a series of 12,000 consecutive autopsies at the Cook County 
Hospital, 15 cases of acute toxic hepatitis with enlargement of the livei 
were encountered Excluded from this gioup were cases of poisoning 
from drugs, such as arsphenamme and mercury, and cases m which 
toxic hepatitis was secondary to other conditions, e g , pneumonia and 
suppurative processes 

clinical observations 

In our group theie weie 10 males and 5 females, 6 of the males and 

1 of the females weie Negroes, the youngest was 10 years of age, the 
oldest 58 The average duration of illness was nine and a half days, 
the shortest one day and the longest twenty-one days, in addition, 2 
patients had been ill two months and thi ee months, respectively 

Ten patients had symptoms of sudden onset, with chills, fever, vomit- 
ing, abdominal pains and jaundice This was followed by stupor and 
unconsciousness Headaches were a frequent complaint Anuria, which 
usually occuis with acute yellow atrophy, was observed in 2 patients 
Six patients complained of pains in the joints and muscles 

Two of the patients had active gonorrhea and 1 latent syphilis In 

2 theie was evidence of disease of the gallbladder two years pnoi to 
admission In 2 patients meningeal s)mptoms predominated, m 1 of 

10 Jaffe, R H Bull Chicago M Soc 35 312 1932 
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them meningitis was suspected because of the pains m the neck and 
slight rigidity, but the result of a spinal puncture proved negative 
The diagnosis of acute primary hepatitis was made m 8 cases, while 
in 1 infectious hepatitis was considered In 4 cases a mechanical type of 
jaundice vas suggested, in 2, gallstones, and m the other 2, cholecystitis 
and carcinoma of the livei In 2 cases uremia was suggested , however, 
m 1 instance the diagnosis of hepatitis was made prior to death In 1 
the condition was considered to be biliary cirrhosis 

Alcoholism was observed in 2 cases, and paratyphoid B bacilli were 
isolated from the blood and feces of the child 

The laboratory examination was not always complete, because many 
of the patients died shortly after admission The blood showed 
moderate anemia, the average red cell count was 3,710,000 per cubic 
millimeter, but it was not characteristic The white cell count was 
always high, varying from 11,000 to 38,200 per cubic millimeter The 
icteric index varied from 90 to 250, the rise being usually rapid, within 
a few days The urea nitrogen varied from 40 to 205 mg per hundred 
cubic centimeters of blood In 3 patients the creatinine of the blood 
fluctuated from 6 66 to 16 mg pei hundred cubic centimeters The 
Wassermann reaction of the blood was negative m 5 cases, while in 
1 there was anatomic evidence of syphilis and m another the Wasser- 
mann reaction of the spinal fluid was positive , m 8 cases the blood was 
not examined Examination of the urine showed albuminuria, bilirubm- 
una and casts m the sediment The stools were examined mil cases , in 
6 they were clay colored, in 3 green to brown and m 2 tarry 

The temperature varied from 99 6 to 105 F In 12 cases there was 
tachycardia (with a rate of from 96 to 135), while in 1 bradycardia 
(with a rate of 68) was present The blood pressure was usually low, 
the systolic varying from 85 to 134 and the diastolic from 52 to 80 
Enlargement of the liver was noted m 10 cases, and the spleen was 
palpated in 5 

ANATOMIC OBSERVATIONS 

The liver was enlarged In the 14 adults the weight varied from 
1,480 to 3,640 Gm , the average being 2,150 Gm The weight of the 
child’s liver was 950 Gm There was no correlation between the acute- 
ness of the illness and the degree of enlargement of the liver The 
capsule was tense , the edges were round , the consistency was firm, and 
the cut surface was usually grayish brown The gallbladder m 4 cases 
showed fibrosis, while in 1 there were stones m the lumen, and in 1 a 
cholecystectomy had been done In all cases the extrahepatic bile ducts 
were free and showed no changes 

The spleens varied m weight from 90 to 690 Gm , with an average 
of 253 Gm The weight of the spleen of the child was 200 Gm The 
spleen was soft mil cases 
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The heait was hyperti ophic m 4 cases and dilated m 3 
The kidneys weie usually markedly swollen, the weight varying fiom 
360 to 660 Gni , with an average of 490 Gm The lungs showed edema 
m 8 cases, theie was catairh of the gastric mucosa in 2 cases and of 
the intestine in 5 In only 3 of them was there slight ascites, the fluid 



Fig 1 — Note the dissociation of the cords of liver cells about a central vein 
and the normal-staining nuclei (low magnification) 

measuring up to 150 cc In 11 instances theie were signs of hemor- 
lhagic diathesis, especially m the skeletal muscles m 2 
In all 15 cases jaundice was maiked 

HISTOLOGIC OBSERVATIONS 

Thorough histologic studies were made in 13 of the cases The 
outstanding obseivation Avas model ate to maiked interruption of the 
cords of hvei cells, sepaiatmg single cells or gioups of cells (fig 1) 
The fiee edges of the cells in the gioups showed lounding and as the 
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cells became entirely sepaiated fiom one another, they became com- 
pletely 1 ound However, the nuclei were presei ved and took the normal 
stain The cytoplasm also appeared to be unchanged, as far as the 
morphologic picture was concerned (fig 2) The whole phenomenon, 
which may be described as dissociation, was piesent in 13 cases and was 
marked in 7 The changes were not localized and appeared unifoimly 
diffuse 

Furthermore, theie was separation of the cords of liver cells as a 
unit and the walls of the blood capillaries This space, described by 
Disse, was thus widened and contained granulai masses which stained 
with eosm By use of the fluorescence microscope, one of us (H P ) 
has shown that the granular masses were plasma proteins and were also 
found between isolated groups of liver cells The picture corresponded 
with that of toxic edema of the liver, or so-called serous hepatitis It 
was present in 11 cases and was marked in 7 

Another significant observation was the changes in the hvei cells 
about the central veins, such as shi inking of the cell with pyknosis and 
granular alterations of the cytoplasm The lattei contained deposits of 
bile pigment Sometimes the cells were absent and replaced by granulai 
debris, and the framework was collapsed This process indicated transi- 
tion from atrophy of the cells to necrobiosis and necrosis, usually 
referred to as central necrosis (fig 3) This was seen in 8 cases, m 
different degrees, while in 1 case the necrosis was peripheral 

Such degenerative changes as cloudy swelling or fatty degeneration 
weie frequently noted Fatty changes were observed m the liver m 
10 cases, in 4 it was maiked The fatty infiltration was found to be 
chiefly central in 5 cases and peripheral in 1 and was diffusely 
distributed in 4 

Bile pigment m the liver cells was localized chiefly centially (in 12 
of 13 cases) In 8 cases it was marked, m 4 it was slight, while m 1 
there was only a tiace 

The Kupffei cells usually contained bile pigment; m 8 cases they 
were swollen The Kupffei cells often assumed a tack shape, since 
they were slightly displaced but still connected with the cords of liver 
cells This pictuie has been called capillary mobilization by Rossle 11 
The bile capillaries were dilated and the lamifications marked In 
many places there was rupture of the bile capillaries, characterized by a 
funnel-shaped communication between the lumen of the bile capillaiy 

11 Rossle, R Entzundungen der Leber, m Henke, F , and Lubarsch, O 
Handbuch der speziellen pathologischen Anatomie und Histologie, Beilin, Julius 
Springer, 1930, vol S, pt 1, p 250 
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and the pencapillary tissue (Disse) space The wide opening of the 
funnel was duected towaid the Disse space The luptuies weie espe- 
cially piominent m the centei of the lobules, whereas the dilatation was 
most maiked m the peripheiy 

The bile ducts revealed mostly a narrowed lumen, piobably due to 
compression by edematous penpoital tissue In only 1 case, m which 



Fig 3 — Intact swollen liver cells surrounding an area of central necrosis (high 
powei ) 


theie was a clinical histoiy of two months’ duiation, weie the ducts 
pi ohf eiated 

Infiltiations of the periportal septums m the foim of lound cells 
was marked in 4 cases, and slight m 7 In 4 cases the septums, m 
addition to the round cells, showed initiation of polymorphonuclear 
leukocytes 
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The reticulum fibei framework was usually intact, despite the marked 
dissociation of the coids of hvei cells (fig 4 A) A striking picture was 
the widening of the netwoik extending between the coids of Iivei cells 



Fig 4 — Sections specially stained to show reticulum A, reticulum fibers intact 
in spite of dissociation, B, interruption of fibers in the central area 

and the blood capillaries, which indicated dilatation of the Disse spaces 
due to the edema In some places, however, actual rupture of the frame- 
work was visible about the hepatic veins (fig 4 S) 
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The spleen was studied in 10 cases In 4 llieie was increased fibrosis 
and in 7 maiked congestion, m 6 of which there weie focal aggiegations 
of led blood cells, simulating hemonhages 

The kidneys m 11 cases showed evidences of albuminuria, in 10 
there weie bile casts m the tubules and in 4 intei stitial nephntis Fatty 
degeneiation and cloudy swelling of the tubules weie characteristic, 
m 3 the changes were maiked, while in 7 they weie model ate Pro- 
liferation of the glomerular endothelium was obseived in 2 cases 

COMMENT 

The condition m the cases descnbed repiesents moiphologically a 
type of fatal pai enchymatous jaundice In many of the cases the 
clinician had suggested the diagnosis of acute hepatitis The onset of 
the disease with jaundice, piogressive until death, indicates a primary 
disease of the livei Sti iking is the acute fulminating course, although 
2 patients lived longer than a month — two and three months, lespectively 
— from the onset of the illness, but no signs of healing weie observed 
histologically 

The clinical couise suggested the diagnosis of acute yellow atrophy 
of the livei, with an infectious toxic cause, as indicated by fever, chills, 
pains in the joints and leukocytosis (up to 38,000 per cubic millimeter) 
A striking feature of differentiation, however, was the enlargement of 
the liver, which was even noted clinically and was the most piominent 
anatomic observation In this respect one may compare our cases with 
the cases of nonfatal catairhal jaundice in which the liver is also 
enlarged In view of the clinical and anatomic observations, the con- 
dition m our cases may theiefoie be consideied as an mteimediaiy stage 
between catairhal jaundice and acute atrophy of the livei 

This condition demonstrates that in fulminating pai enchymatous 
jaundice the prognosis may be poor despite an enlarged liver The study 
of our cases not only is intei estmg from a clinical point of view, but 
may throw light on the still questionable moiphologic picture of the 
enlaiged livei m pai enchymatous or catarihal jaundice 

Two different piocesses were m the foreground One was damage 
of the liver cells, characterized by cential necroses and heavy infiltra- 
tion with fat and bile pigment The presence of bile pigment m liver 
cells can be consideied as a sign of damage since noimal livei cells repel 
the bile pigment immediately and only necrobiotic cells store it Gen- 
eralized damage to the livei cells may lead finally to acute atrophy, 
howevei, it does not explain the enlargement of the organ, for the liver 
cells do not mciease m size oi number 

The enlaigement was due to the piesence of a piotem-rich fluid 
between the liver cells, or edema The spaces between the blood capil- 
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lanes and the coids of livei cells, the Disse spaces, weie maikedly 
widened and contained coagulated piotems The presence of proteins 
indicated that the edema was due to capillary damage, with subsequent 
inability to letam the plasma proteins within the lumen of the capil- 
lanes Piotems bind watei, and when lymphatic diamage is insufficient 
to carry away the escaped pi oteins, edema results When the amount of 
escaped piotems is high, the inci easing fluid accumulates between the 
coids of livei cells and finally destiojs then stiuctuie, leading to the 
dissociation of the cells The picture of dissociation may be sinnlai to 
postmoitem changes in bodies examined several days after death In 
oui cases, howevei, examination was made within thiee to nineteen 
houis after death, with only 1 exception (thiee days) Theie was no 
obvious 1 elation between the seventy of the histologic changes and the 
intei val between death and autopsy Maiked dissociation was piesent 
m a case in which examination was made thiee houis aftei death, while 
it was absent in another in winch autopsy was done nineteen houis 
aftei death 

The degiee of dissociation vaiied The intei ruption of the coids of 
livei cells was evidently effected not by changes of the cells themselves 
but by extracellular processes, as indicated by the normal staining of 
the nuclei The dissociation and the bieak-up in some cases was so 
far advanced that single segregated livei cells were washed away into the 
blood stieam and could be seen within the lumen of the hepatic veins 
and even in the portal veins (fig 5) This observation, howevei, may be 
consideied as insignificant, since it has been seen m other conditions 
The same sui prising pictuie was descubed in cases of acute allylformiate 
intoxication, 3 the course of which showed the development fiom the 
toxic edema to the parenchymatous hepatitis The framework need 
not be affected m the piesence of dissociation, as shown by special stains 
(fig 4) One is, theiefore, dealing with damage both to the cells and 
to the capillanes, m the foim of serous hepatitis The piesence of 
edema fluid rich in proteins between the capillanes and the paienchyma 
cells causes undei nutrition and suffocation of the cells, since the diffusion 
of metabolic substances and oxygen from the capillaries to the cells is 
impaired The cellular damage is lesponsible for the atrophy of the 
organ, while the capillary damage explains the enlargement of the liver 

As to the etiologic factor, we are unable to make a positive statement, 
but a toxin may be assumed Sometimes a food poison was mentioned 
in the history, with gastrointestinal symptoms at the onset of the illness 
Interesting is the history of the child m oui gioup Thiee other childien 
of the same family also acquired jaundice at the same time that the 
patient was admitted to the hospital, but they i ecovei ed, while the patient 
died seven days after the onset of the illness From the blood and feces 
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pai atyphoid B bacilli were isolated, and the clinical course did not differ 
f lom that seen m the adults of our series Probably a food poisoning 
can be suggested as the cause The children that survived showed a 
picture similar to what has been descnbed as the epidemic form of 
catarrhal jaundice 



Fig 5 — Large numbers of liver cells in the lumen of a large branch of the 
portal vein in the presence of dissociation 

Other factors, such as syphilis, gononhea and infections of the upper 
lespiratory tract, were mentioned in our series Probably several factors 
work together in the production of toxic hepatitis, similar to the con- 
ditions in catanlial jaundice 

As to the pathogenesis of icterus, we believe that the combined 
damage to the capillaries and to liver cells is of importance Damage 
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to the livei cells m cential neciosis 01 maiked dissociation is lcsponsible 
toi the inteiiuption of the bile capillanes The bieak-up of the wall 
of the capillanes fonned by livei cells causes a communication between 
the bile capillanes and the Disse spaces Bile escapes into the spaces, 
which aie diamcd by the lymphatics, and leguigitates thiough the 
jugulai vein into the gencial cnculation But m cases in which cential 
neciosis alone is found, no jaundice may be piesent, as obseived in many 
toxicoses, anemias and even congestion of the livei On the othei hand, 
simple seious hepatitis alone with widening of the Disse spaces docs not 
cause jaundice The seveiest foim of seious hepatitis is the condition of 
the livei m bciiben, and jaundice is not obseived with this disease If 
meiely localized neciosis occuis and the function of the lemaming liver 
cells is intact the leguigitated bile is quickly excieted However, wdien 
the localized cential neciosis is combined with diffuse seious hepatitis the 
excietion of the leguigitated bile is impaiied and the biluubin level of 
the blood inci eases Thciefoie, a combination of seious hepatitis and 
damage to the lnei cells is the chief factor foi the development of the 
jaundice, and this explanation piobably holds foi all types of paien- 
chymatous diseases of the livei 

Regeneiation of the livei in this condition may be possible in view 
of the fact that usually the fiamew'oi k of connective tissue is intact and 
theiefoie lestitution of the coids of livei cells is possible On the other 
hand, the existence of this fatal tiansitional foim emphasizes the need 
foi thorough and active theiapy in evei) case of calanhal jaundice 
Theiapy diiccted tow'aid the damaged livei cells is difficult, but the 
abolishment of the edema may be moie easily effected by mtiavenous 
injections of hypei tonic solution of clextiosc These seem to be of 
gieatest value, since they facilitate dehydiation of the intei slitial tissues 
and stoiage of glycogen 

SUMMARY 

Fifteen cases of acute hepatitis aie descnbed The fulminating fatal 
foim appeals to be an intei mediary stage between catanhal jaundice 
and acute yellow' atiophy of the lnei The livei in each case was 
enlaiged and chaiactei l/ed moi phologically chiefly by damage to the 
epithelial cells and seious hepatitis, with dissociation of the livei cells 
The clinical diagnosis was usually consideied as pnmaiy hepatitis 

The dissociation of the coids of livei cells may be the icsult of seieic 
seious hepatitis consequent to damage of the blood capillanes of 
the lnei 

Icteius m paienchjmatous jaundice is due to the combination of 
localized neciosis of the livei cells, 01 destiuction of the coids, and 
geneial impaiiment of the function of the livei cells (seious hepatitis) 

The enlaigement of the liver in oui cases and in cases of catanhal 
jaundice is due to toxic edema 



FORMATION OF EDEMA IN THE EYELIDS 

OF MAN 


INFLUENCE OF LOCAL TISSUE PRESSURE, SKIN DISTEN SIBIL] TY, 
LYMPH FLOW, INTRAORBITAL PRESSURE GRADIENT 
AND VENOUS PRESSURE 

GEORGE E BURCH, MD 

NEW ORLEANS 

The medical liteiature is paiticularly lacking in studies of the forma- 
tion of edema m the eyelids of man, a subject of much clinical interest, 
especially in acute hemorrhragic nephritis, in which edema of the eyelids 
often precedes clinical evidence of edema elsewhere The leasons foi 
the uneven distribution of edema m this condition have only been con- 
jectured Fishberg 1 and Landis 2 mentioned the looseness of the tissues 
of the lids as a possible significant factoi responsible, at least m pait, 
for the early presence of edema m that area They pointed out, how- 
ever, that other important factors must exist, since m patients with acute 
hemoirhagic nephritis edema is not likely to develop in other areas of 
the body where the tissues are loose, such as the abdominal wall of a 
multipaia Peteis 3 stated that “tissue tension, if this is defined loosely 
as the-pi essure which resists deformation or distention, must also vary 
with anatomical structure This is piobably the factor which detei mines 
the uneven distubution of edema ” Beach , 4 in a discussion of edema 
of the eyelids, listed many causes of edema in that location, but failed to 
piesent any detailed mechanisms foi accumulation of the fluid The 
current textbooks of ophthalmology have likewise failed to present any 
adequate discussions of the mechanisms of formation of edema m the 
eyelids Loeb , 5 m an extensive review of the literature on edema, 
included nothing of particular significance concerning edema of 
the eyelids 

From the Department of Medicine, Tulane University of Louisiana School of 
Medicine, and the Chanty Hospital 

1 Fishberg, A M Hypertension and Nephritis, ed 3, Philadelphia, Lea & 
Febiger, 1934, p 114 

2 Landis, E M Capillary Pressure and Capillary Permeability, Physiol 
Rev 14 404, 1934 

3 Peters, J P Body Water The Exchange of Fluids in Man, Spring- 
field, 111 , Charles C Thomas, Publisher, 1935, p 52 

4 Beach, S J Edema of the Eyelids, JAMA 83 17 (July 5) 1924 

5 Loeb, L Edema, Medicine 2 171, 1923 
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This study is an attempt to evaluate some of the factois peculiar to 
the eyelid that might influence the interchange of fluid between the 
blood vessels and the tissue spaces within the lid 

METHODS AND MATERIALS 

These studies were conducted on 88 living persons, including 57 normal sub- 
jects and 31 subjects with various types of edema of the eyelids The subjects 
varied in age from 8 to 84 years and included males and females of both the 
white and the Negro race 

Table 1 — Tissue Piessuie m Mtlhmeiets of Water for the Eyelids tn 15 

Normal Subjects * 


Bight Lower Lid Left Lower Lid 

* * 


Eyes Open Eyes Loosely Eyes Open Eyes Loosely 


Case 




t 

^ , 

Closed 

/ 

Supine 

" \ 

Closed 

No 

Age 

Sex 

Racef 

Supine 

Sitting 

Supine 

Sitting 

Supine 

I 

17 

M 

N 

30 

32 

24 




2 

59 

F 

N 

24 

28 





3 

29 

M 

W 

20 



30 

2S 

23 

4 

18 

M 

W 




30 

32 

40 

5 

27 

F 

N 

20 

38 

18 




6 

IS 

M 

N 

32 

30 

32 




7 

31 

M 

W 

32 

3S 

40 




S 

28 

M 

W 

20 

22 

20 




9 

30 

M 

w 




20 

22 

22 

10 

33 

M 

w 




18 

20 

16 

11 

64 

M 

w 

30 



2S 



12 

29 

M 

w 

18 



20 



13 

25 

M 

w 

22 



16 



14 

27 

M 

w 

20 



21 



15 

48 

M 

w 

22 



28 



Mean 




24 2 

23 0 

20 8 

23 4 

25 5 

26 5 

Maximum 




32 

38 

40 

30 

32 

40 

Minimum 




IS 

18 

IS 

16 

20 

16 


* Eor the 21 lower lids analyzed collectively, the mean = 23 4 + 0 7 mm of water the 
standard deviation, 51 + 05 mm of water, and the coefficient of variation, 21 67 ± 2 51 per 
cent For the 9 lower lids loosely closed, considered collectively, the mean = 26 6 mm of water 
For the 10 lower lids considered collectively, with the subject In the sitting position, the 
mean = 27 0 mm of water 

t In this table and in the accompanying tables, N indicates the Negro and W the white race 


Subcutaneous Tissue Piessuie — With the use of the method previously 
described, 6 determinations of subcutaneous tissue pressure were made m the lower 
lids of 15 normal subjects (13 males and 2 females), varying in age from 17 to 
59 years The patients rested quietly in the supine position, and values were 
obtained with the eyes open and closed loosely as in sleep The subjects then 
assumed the sitting position, and determinations were again made with the eyes 
open The number of determinations for each lid can be seen m table 1 In 2 
normal female subjects, 35 and 50 years of age, the tissue pressure was deter- 
mined in the evening before they retired and in the morning on awakening All 
subjects were instructed not to move the eyeballs and lids during the determinations 

6 Burch, G E, and Sodeman, W A The Estimation of the Subcutaneous 
Tissue Pressure by a Direct Method, J Clin Investigation 16 845, 1937 
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The effect of the amount of interstitial fluid on subcutaneous tissue pressure 
was studied in 25 subjects, varying from 17 to 60 years of age This effect was 
studied as follows The adapter, manometer and pressure control unit of the 
tissue pressure apparatus were connected with one female portion of a three way 
stopcock, a 1 0 cc tuberculin syringe was connected with the other female portion 
and the tissue pressure needle to the third, or male, portion Sterile physiologic 
solution of sodium chloride was drawn into the three way stopcock, and the valve 
was so manipulated that the solution filled the syringe and ran halfway up the 
adapter Particular care was taken to remove all bubbles of air from the system 
With the subject relaxed m the supine position, the needle was then inserted into 
the tissues to be studied and the valve of the three way stopcock so adjusted that 
the tissue pressure could be determined in the usual manner The valve was read- 
justed, and 0 1 cc of the solution of sodium chloride was injected into the sub- 
cutaneous tissues After the valve was reset another measurement of tissue 
pressure was made This process was repeated after each 0 1 cc of solution 
was injected until the entire 1 0 cc had been expelled into the subcutaneous tissues 
Observations were carried out for the lower lid, the face (area on the level with 
and about 2 5 cm anterior to the tragus of the ear), the volar surface of the 
forearm, the pretibial area, the prepuce of the males and the loose abdominal 
wall and the breasts of the nonpregnant multiparas In the first 10 subjects as 
many of these areas were studied as the sex would permit Additional subjects 
were studied until a sufficient number of observations for each area were obtained 
for analysis Since the face was not studied simultaneously with the other areas 
and since the subjects previously used were not available, 7 different subjects 
were employed for the observations on the face 

Measurements of subcutaneous tissue pressure were made in edematous eyelids 
of 31 patients, the edema being due to various states (congestive heart failure, 
8 patients , acute hemorrhagic nephritis, 2 , mediastinal obstruction, 3 , low amount 
of serum proteins, 2 , myxedema, 1 , infection, 1 , senile changes, 10 , undetermined 
cause, 4) All patients were in the supine position when the measurements were 
made Repeated determinations were obtained on some subjects during the course 
of the edema 

Skm Dist visibility — Determinations of skin distensibility weie obtained by the 
method previously described 7 Certain changes in the apparatus were necessarv 
for its application to the eyelid A smaller caliper was made which offered a 
force of approximately 20 Gm , the bakehte cubes were made smaller so that the 
width of the “strip” of skm stretched measured 4 mm , and the brass bar for 
holding the cubes in place for sealing was modified so that the length of the 
“strip” was approximately 2 cm The caliper was calibrated, and its calibration 
curve (fig 1) was found to have the formula, 

distance stretched (mm) = — 125 force (Gm ) +512 
Determinations of skm distensibility were made on both lower lids and on one 
forearm of 10 normal subjects, varying from 22 to 53 years of age These sub- 
jects included 9 white (7 male and 2 female) persons and 1 Negro male In 
6 of these subjects both sides of the face (area on the level with and about 
2 5 cm anterior to the tragus of the ear) were also studied The subjects were 
deliberately chosen with a view to obtaining on the lower lid a strip of skm 2 cm 
long which was not arched, thereby eliminating the possibility of an error on 

7 Sodeman, W A , and Burch, G E A Direct Method for the Estimation 
of Skm Distensibility with Its Application to the Study of Vascular States, T 
Clin Investigation 17 785, 1938 
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sti aightemng an arched portion of the skin The persons under observation lay in 
the supine position with the head resting on the occipital region and the face 
toward the ceiling For the determinations on the lower lids, the subjects held 
the eyes vertically rotated toward the eyebrows This position of the eyes 
unfolded the lower eyelid The bakelite cubes were then sealed with collodion 
to the skin of the inferior portion of the lids so that the “strip” of skin stretched 
was approximately 10 to 15 mm from the margin of the lid and almost parallel 
with it During the stretching there was no movement at the margin of the lid 
With the same small apparatus the distensibility was determined in the forearm 
in the manner previously described 7 Determinations of skin distensibility were 
also made in the lower lids of patients with edema in that region 

Lmeai Rate of Lymph Flow m the Supeificial Lymphatics of the Skm — The 
linear rate of lymph flow in the superficial lymphatics of the skm was determined 
by the method of McMaster 8 In order that the volume of dye injected mtra- 



Fig 1 — Calibration curve for the caliper used in determining the skm dis- 
tensibility of the eyelid The formula for the curve is Distance stretched (mm ) 
= — 1 25 Force (Gm ) -f- 51 2 

dermally might be constant and accurate, a specially constructed apparatus, which 
has been described elsewhere, 9 was employed for the injections These obser- 
vations were conducted on the lower eyelids of 9 normal subjects and of 1 
subject with mild “senile edema” 10 of the lower lids All subjects were white 
men whose ages varied from 22 to 42 years Eight subjects rested for fifteen 
minutes in the supine position and one lower lid of each patient was studied 

8 McMaster, P D Changes m the Cutaneous Lymphatics of Human Beings 
and m the Lymph Flow Under Normal and Pathological Conditions, J Exper Med 
65 347, 1937 

9 Burch, G E A Simple Method for Accurate Injection of Small Volumes 
of Fluid, Proc Soc Exper Biol & Med 40 676, 1939 

10 The term “senile edema” as employed in this discussion refers to that type 
of puffiness of the lower eyelids which appears and progresses with semlitv 
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The subjects then assumed the sitting position and the other lid was studied 
The other 2 subjects rested for fifteen minutes in the sitting position and one lid 
of each was studied, they then assumed the supine position for study of the other 
lid The temperature and relative humidity were constant (temperature, 75 F , 
relative humidity, 50 per cent) during these and all subsequent studies of the 
lymphatics The lymphatics were observed as follows Two hundredths of a 
cubic centimeter of patent blue V was injected intradermally, as described b\ 
McMaster, m the midline of the lid about 5 to 10 mm from the margin Tracings 
of the visible lymphatics were made for record on sheets of cellulose acetate 
three, ten, twenty and thirty minutes after the injection The tracings thus 
obtained were then analyzed in an effort to learn whether or not the upright and 
supine positions influenced the linear rate of lymph flow 

The effect of blinking on the linear rate of lymph flow in the superficial 
lymphatics was studied in the upper and lowei eyelids of 11 subjects (9 normal 
persons and 2 with mild senile edema of the lower lids) whose ages varied from 
23 to 74 years The subjects remained seated, and the dye was injected m both 
lids of one eye, as previously described After the injection blinking was restricted 
to a minimum and tracings of the superficial lymphatic vessels were made three, 
ten, twenty and thirty minutes after the injection The other eye was similarly 
studied except that after the injection of the dye blinking was exaggerated The 
tracings were analyzed in an attempt to learn whether or not blinking affected 
the linear rate of lymph flow 

Venous Picssuic — Direct determinations of venous pressure were made in a 
vein of the lower lid of 2 white male subjects who were 65 and 74 years of age 
Both subjects had mild senile edema of the lower lids Values were obtained for 
the sitting and the supine position The technic employed was that previoush 
described, 11 except that an ordinary 27 gage needle without lateral openings was 
used Only 2 subjects could be found who did not have an abnormal increase 
in venous pressure and who, at the same time, had sufficiently prominent and 
large veins in the lids to permit a direct determination of venous pressure with 
the use of a 27 gage needle 

Effect on the Volume of the Antcuoi Oibital Tissue of the Eye of Injections 
of Stenlc Physiologic Solution of Sodium Chlondc Into the Postcnoi Oibital 
Space in Dogs — Two dogs were anesthetized with ether after the area around 
both eyes had been shaved Capsules of cellulose acetate similar to the capsule 
employed by Hooker 12 for indirect determinations of venous pressure were then 
sealed over the eyes with collodion, well away from the margin of the lid A 
22 gage spinal needle was then inserted through the top of the capsule, through 
the conjunctiva just medial to the eyeball and into the posterior orbital space 
The point at which the needle penetrated the capsule was sealed with “lubriseal ” The 
capsule was then connected by rubber tubing to a 1 0 cc pipet held horizontally, in 
which there was a small bead of xylene Sterile physiologic solution of sodium 
chloride was injected very slowly through the spinal needle in amounts of 0 1 cc 
into the posterior orbital space until 1 0 cc had been injected Resulting changes 
in volume of the tissues of the eye anteriorly after each injection of 0 1 cc were 
determined by movements of the bead of xylene in the pipet 

11 Burch, G E , and Sodeman, W A A Direct Method for the Determi- 
nation of Venous Pressure Relationship of Tissue Pressure to Venous Pressure, 
J Clm Investigation 18 31, 1939 

12 Hooker, D R Observations on the Venous Blood Pressure m Man 
Am J Physiol 35 73, 1914 
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RESULTS 

Subcutaneous Tissue Piesswe — The values obtained foi subcutane- 
ous tissue pressure m the eyelids of 15 noimal subjects are summarized 
in table 1 The mean values for 12 right and 9 left lower lids with the 
eyes open and with the subject lying relaxed m the supine position 
were 24 2 and 23 4 mm of water, respectively Since the difference of 
0 8 mm is within the error for the technic employed, the values for the 
21 lower lids were analyzed collectively These pressures varied from 
16 to 32 mm of water, with a mean of 23 4 ± 0 7 mm and a standard 
deviation of 5 1 ±05 mm The coefficient of variation was found to 
be 21 67 ± 2 51 per cent, a variation comparable to that of the weights 
of normal human livers 18 Figure 2 graphically compares the values 
for tissue piessure of the lower eyelids with those previously reported 6 



"Dorsum Lower Volar surface Dorsum Face Prehbial 

of Hand dycUd of forearm of Foot Area 


Fig 2 — Comparison of the mean subcutaneous tissue pressure in the lower 
lids with that of five other common sites of edema of normal persons 

for the dorsum of the hand, the volar surface of the forearm, the dorsum 
of the foot and the pretibial area The mean tissue pressure in 10 normal 
lower lids, determined with the subject in the sitting position, was 
27 0 mm of water, a difference of 1 4 mm of water from that determined 
with the subject in the supine position When statistical methods were 
used for the study of small samples 14 this difference was found not to 
be significant The mean of the variations of the values for the supine 
position from those for the sitting position was found to be 14 mm 
of water, with a standard error of ± 0 95 mm of water, twice the 

13 Pearl, R Introduction to Medical Biometry and Statistics, ed 2, Phila- 
delphia, W B Saunders Company, 1930 

14 Mainland, D The Treatment of Clinical and Laboratory Data, Edinburgh, 
Oliver & Boyd, 1938 
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standaid error being greater than the mean, 1 4 mm In 9 noimal sub- 
jects lying lelaxed m the supine position with the lids closed loosely as 
in sleep, the mean subcutaneous tissue pressure was 26 6 mm of water 
By the same method of statistical study the mean of the diffeiences 
between the values with the eyes closed loosely and those with the e) es 

Table 2 — Relation of Tissue Pressure to Incicase m Interstitial Volume 

in the Lower Lid 


Volume of Injected Sterile Physiologic Solution of Sodium Chloride, Cc 
Case , — — ‘ ■> 


Al) 

Age 

Sex 

Race 

0 

01 

02 

03 

04 

05 

06 

07 

08 

09 

1 0 

1 

17 

M 

N 

30 

26 

26 

24 

30 

24 

23 

24 

22 

24 

24 

2 

59 

P 

N 

24 

18 

18 

18 

18 

16 

10 

10 

10 

10 

10 

3 

29 

M 

W 

30 

24 

24 

22 

20 

22 

24 

24 

26 

30 

30 

4 

18 

M 

W 

40 

63 

65 

60 

54 

50 

52 

50 

54 

50 

52 

5 

22 

P 

N 

20 

18 

18 

30 

32 

32 

32 

32 

30 

30 

32 

0 

18 

M 

N 

32 

38 

38 

34 

36 

34 

36 

34 

34 

30 

28 

7 

31 

M 

W 

32 

32 

30 

30 

32 

38 

44 

40 

42 

43 

44 

8 

28 

M 

W 

20 

10 

10 

12 

12 

18 

20 

20 

22 

20 

18 

9 

36 

M 

w 

20 

20 

24 

24 

24 

24 

24 

20 

20 

18 

22 

10 

33 

M 

w 

18 

22 

24 

30 

28 

28 

30 

30 

SO 

32 

32 

Mean 




20 7 

271 

27 5 

2S4 

286 

28 6 

29 5 

2S4 

290 

287 

29 2 

Maximum 



40 

62 

65 

60 

54 

50 

52 

50 

54 

50 

52 

Minimum 



18 

10 

10 

12 

12 

16 

10 

10 

10 

10 

10 


Table 3 — Relation of Tissue Piessure to Inn ease in Intei stitial Volume m 
the Volar Suiface of Foieann 


Volume of Injected Sterile Physiologic Solution of Sodium Chloride, Cc 
Case , * , 


No 

Age 

Sex 

Race 

0 

01 

02 

03 

04 

05 

06 

07 

08 

09 

10 

1 

17 

M 

N 

48 

70 

100 

124 

166 

192 

228 

248 

152 

172 

176 

2 

59 

P 

N 

24 

92 

88 

94 

106 

108 

42 

96 

102 

106 

96 

3 

29 

M 

W 

30 

so 

130 

150 

190 

200 

210 

210 

20S 

220 

216 

4 

IS 

M 

W 

32 

36 

40 

100 

150 

154 

162 

172 

184 

192 

208 

5 

22 

P 

N 

20 

28 

68 

84 

100 

122 

100 

130 

131 

1"0 

122 

6 

18 

M 

N 

20 

58 

104 

122 

150 

158 

158 

150 

190 

102 

196 

7 

31 

M 

W 

46 

88 

124 

153 

150 

168 

172 

178 

178 

182 

182 

8 

28 

M 

W 

40 

88 

100 

140 

151 

184 

202 

210 

222 

222 

210 

9 

36 

M 

w 

22 

30 

38 

52 

54 

58 

64 

64 

100 

118 

128 

10 

33 

M 

w 

22 

40 

52 

78 

9S 

112 

118 

120 

122 

128 

130 

Mean 




30 4 

61 0 

84 4 

109 7 

145 6 

145 6 

145 6 

157 8 

15S 9 

16S 2 

1C6 4 

Maximum 



4S 

92 

130 

153 

190 

200 

228 

248 

222 

220 

210 

Minimum 



20 

28 

3S 

52 

54 

58 

42 

64 

100 

118 

96 

open 

ivas 

found 

to be 

1 1 

mm 

of 

water 

, with a 

standard 

ei roi of 


±17 mm , thus indicating that the values with the eyes open and those 
with the eyes closed cannot be considered significantly different In 2 
noimal subjects the values for tissue pressure in the left lower eyelids 
duiing the evening were 16 and 38 mm , and the following morning 18 
and 38 mm of water respectively 

Tables 2 to 8 summarize the effects of the subcutaneous injection of 
1 0 cc of physiologic solution of sodium chloride on the subcutaneous 





Table 4 — Relation of Tissue Pressure to Inci ease m Intel stihal Volume 

in the Pi epuce 


Volume of Sterile Physiologic Solution of Sodium Chloride Injected Cc 
Case r —> _ 


No 

Age 

Race 

0 

0 1 

02 

03 

04 

0 5 

06 

07 

08 

09 

10 

1 

17 

N 

30 

50 

50 

50 

54 

62 

54 

40 

44 

40 

42 

3 

29 

W 

32 

40 

42 

50 

60 

62 

70 

70 

70 

72 

74 

4 

IS 

w 

34 

42 

52 

84 

90 

110 

88 

90 

90 

100 

104 

0 

IS 

N 

40 

40 

OS 

68 

88 

100 

88 

94 

9S 

104 

110 

7 

31 

W 

30 

34 

32 

34 

36 

40 

40 

42 

40 

40 

40 

S 

28 

V 

20 

95 

104 

104 

104 

110 

110 

112 

114 

116 

122 

9 

30 

w 

IS 

36 

42 

44 

40 

44 

44 

44 

46 

48 

40 

10 

33 

w 

3S 

48 

5S 

60 

62 

62 

60 

02 

G2 

60 

02 

Mean 



310 

49 0 

560 

61 8 

67 5 

73 8 

69 3 

69 3 

70 5 

72 5 

75 0 

Maximum 



40 

95 

104 

104 

104 

110 

110 

112 

114 

116 

110 

Minimum 



18 

34 

32 

34 

40 

40 

40 

40 

40 

40 

42 


Table 5 — Relation of Tissue Pressuie to Increase in Interstitial Volume 

m the Pietibial Aiea 


Volume of Sterile Physiologic Solution of Sodium Chloride Injected Cc 
Case , — — — - — *■ — — — — — 


No 

Age 

Sex 

Race 

0 

01 

02 

03 

04 

0 5 

06 

07 

08 

09 

1 0 

2 

59 

P 

N 

48 

48 

84 

88 

104 

112 

122 

148 

166 

166 

170 

3 

29 

M 

W 

42 

42 

120 

170 

200 

226 

200 

226 

250 

202 

202 

4 

18 

M 

W 

2S 

140 

144 

222 

184 

218 

212 

242 

264 

210 

222 

5 

22 

P 

N 

50 

78 

108 

196 

216 

232 

182 

192 

206 

23S 

218 

6 

18 

M 

N 

30 

90 

144 

182 

190 

204 

220 

270 

290 

304 

306 

7 

31 

M 

W 

44 

102 

164 

194 

198 

206 

212 

218 

221 

19S 

200 

S 

23 

M 

W 

42 

122 

200 

210 

246 

130 

102 

186 

204 

212 

218 

9 

36 

M 

w 

24 

60 

82 

100 

118 

128 

132 

132 

140 

140 

150 

10 

28 

M 

w 

23 

60 

84 

108 

120 

120 

132 

138 

144 

150 

15S 

Mean 




37 3 

82 4 

125 5 

163 3 

175 1 

175 7 

175 0 

194 7 

209 4 

209 0 

210 4 

Maximum 



50 

140 

200 

222 

246 

232 

220 

270 

290 

304 

300 

Minimum 



23 

42 

82 

88 

104 

112 

122 

132 

144 

140 

150 


Table 6 — Relation of Tissue Piessure to Increase in Intei stitial Volume 
of the Breasts of Mnltipaias 


Volume of Sterile Physiologic Solution of Sodium Chloride Injected Cc 


Case 

No 

Age 

Race 

r 

0 

01 

02 

03 

04 

05 

06 

07 

08 

09 

1 0 

2 

59 

N 

16 

36 

20 

40 

2S 

30 

32 

24 

28 

28 

30 

16 

26 

N 

22 

30 

32 

48 

58 

58 

56 

64 

72 

74 

74 

17 

53 

N 

30 

30 

52 

52 

62 

64 

64 

60 

60 

OS 

68 

18 

46 

N 

32 

40 

44 

44 

50 

50 

50 

48 

48 

48 

48 

19 

60 

N 

28 

46 

46 

44 

46 

44 

44 

40 

38 

38 

39 

20 

29 

N 

30 

70 

76 

76 

76 

80 

86 

S3 

88 

92 

96 

21 

42 

N 

32 

38 

40 

46 

50 

56 

62 

64 

62 

64 

76 

22 

39 

N 

28 

42 

60 

80 

84 

88 

8S 

92 

92 

90 

92 

23 

30 

N 

28 

42 

52 

66 

66 

68 

72 

76 

82 

78 

78 

Mean 



27 3 

41 6 

46 9 

551 

57 8 

59 8 

61 6 

618 

63 3 

61 4 

66 8 

Maximum 



32 

70 

76 

76 

76 

88 

8S 

92 

92 

92 

90 

Minimum 



1G 

30 

20 

40 

2S 

30 

32 

24 

28 

28 

30 
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tissue piessure in the lowei eyelid, volar surface of the foieaim, piepuce, 
pretibial aiea, bieast, abdomen and face of normal subjects The results 
for the six areas are graphically lllustiated by figure 3 It can be seen 
that the injection of the physiologic solution of sodium chloride into the 
subcutaneous tissues of the lower eyelids produced practically no change 
m the subcutaneous tissue pressuie The mean value of 26 7 mm of 

Table 7 — Relation of Tissue Pressuie to Incicase in Into stitial Volume 
of the Abdominal Wall of Multipaias 


Volume of Sterile Physiologic Solution of Sodium Chloride Injected Cc 


Case 

No 

Age 

Race 

i 

0 

0 1 

02 

03 

04 

05 

06 

07 

08 

09 

1 0~' 

5 

22 

N 

IS 

100 

so 

82 

88 

82 

5S 

GO 

70 

78 

0G 

10 

20 

N 

IS 

20 

20 

32 

44 

44 

50 

54 

52 

52 

5S 

17 

53 

N 

19 

22 

40 

5S 

70 

70 

70 

72 

74 

74 

70 

18 

46 

N 

16 

32 

3S 

68 

70 

6S 

GS 

GS 

70 

78 

80 

19 

GO 

N 

18 

2S 

36 

40 

40 

42 

42 

40 

42 

42 

38 

20 

29 

N 

3S 

58 

110 

128 

142 

110 

118 

112 

104 

no 

112 

21 

42 

N 

44 

50 

70 

72 

72 

76 

SO 

82 

84 

90 

92 

22 

39 

N 

40 

42 

5S 

6S 

70 

78 

82 

S4 

86 

90 

92 

23 

30 

N 

16 

28 

3S 

42 

46 

44 

46 

52 

54 

82 

58 

Mean 



25 2 

42 2 

54 4 

05 G 

71 G 

GS 2 

GS 2 

G9 3 

70 7 

77 3 

74 0 

Maximum 



44 

100 

110 

12S 

142 

no 

118 

112 

104 

no 

112 

Minimum 



16 

20 

20 

32 

40 

42 

42 

40 

42 

42 

38 


Table 8 — Relation of Tissue Pressuie to Incicase in Into stitial Volume 

of the Face 


Volume of Sterile Physiologic Solution of Sodium Chloride Injected, Cc 
Case , * , 


No 

Age 

Sex 

Race 

0 

01 

02 

03 

04 

05 

06 

07 

08 

09 

1 0 

23 

30 

F 

N 

38 

10S 

ISO 

202 

214 

216 

234 

242 

244 

252 

25G 

G4 

31 

F 

N 

4S 

70 

94 

106 

106 

118 

138 

146 

1G2 

ISO 

184 

G5 

29 

F 

N 

36 

100 

148 

2CG 

1G0 

180 

204 

24G 

272 

282 

306 

GG 

59 

F 

N 

28 

70 

130 

156 

197 

220 

252 

272 

28G 

300 

320 

67 

17 

F 

N 

38 

68 

91 

no 

130 

158 

1G0 

178 

196 

202 

208 

68 

18 

F 

N 

24 

112 

150 

202 

20G 

20G 

212 

214 

214 

214 

228 

G9 

30 

F 

N 

39 

no 

184 

210 

2G2 

278 

313 

333 

346 

358 

3GG 

Mean 




35 9 

911 

139 7 

170 3 

183 0 

196 6 

21G1 

233 0 

245 7 

255 4 

2G4 0 

Maximum 



4S 

112 

184 

210 

2G2 

278 

313 

333 

34G 

35S 

3GG 

Minimum 



24 

GS 

91 

106 

100 

118 

138 

146 

1G2 

180 

184 


water increased only to a mean of 29 2 mm after the injection The 
diffeience between these means was found not to be statistically signifi- 
cant (Any statistical analysis of data in this paper for samples of less 
than 15 was performed by the methods pieviously mentioned, 14 and 
foi those of 15 or greatei, by the methods descnbed by Peail 13 ) 
Theie was a definite increase m the values for tissue pressure m the five 
other aieas This increase was especially marked for the volar surface 
of the forearm, the face and the pretibial area In the first site the values 
rose fiom a mean of 30 4 mm of water befoie the subcutaneous injection 
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of fluid to a mean of 1664 mm of water after the injection, in the face 
and the pretibial area the rise was even greater, increasing from a mean 
of 37 3 and 35 9 mm of water respectively, before the solution of 
sodium chloride was injected, to 2104 and 264 0 mm after the injec- 
tion The rises m the tissue pressure produced by the cubic centimeter 
of solution of sodium chloride injected into the subcutaneous tissues of 
the breast, the abdominal wall and the prepuce were found to be statis- 
tically significant In these three areas the elevations m the tissue pres- 



Fig 3 — Effect of subcutaneous injections of 1 0 cc of physiologic solution 
of sodium chloride on the subcutaneous tissue pressure in seven common sites of 
edema, the breasts and abdominal wall being those of nonpregnant multiparas 

sure were essentially equal It was also noted that the injected solution 
of sodium chloride tended to diffuse with greater ease throughout the 
subcutaneous tissues of the lower lid than in the other areas, and with 
least ease m the forearm, the pretibial area and the face, although the 
local area of swelling produced by the injection appeared to be larger 
m the eyelids than in the other areas studied 

The values for subcutaneous tissue pressure in the patients with 
edema of the eyelids are summarized m table 9 It can be seen that 
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legardless of the cause of the edema the tissue pressure did not increase 
to high values In only 4 instances did it surpass 54 mm of water, the 
maximum normal value found for the pretibial aiea, for which values 
tend to be consistently high The maximum value found in any of the 
eyelids with edema was 78 mm 

Skin Distensibihty — The results obtained for the distensibility of the 
skin of the lower eyelid, face and volar surface of the forearm in the 
normal subject are shown in table 10 A difference in the distensibihty 
of 0 18 mm of stretch per centimeter of skin per 20 Gm of force was 
found between the right and the left lowei hd The standaid eiror of this 
diffeience was ± 0 21, thus showing that the difference for that group 


Table 10 — Distensibihty in the Lower Eyelids and in the Volai Smiace of the 
Foieann in 10 Normal Subjects (Units of Distensibihty Expiessed in 
Milhmeteis of Stietch Per Centimeter of Skin Pei 20 Gm of Foi ce)-' 


Volar 








Right Side 

Left Side 

Surface of 

Case No 

Age 

Sev 

Race 

Right Lid 

Left LJd 

of race 

of Face 

Forearm 

54 

29 

F 

W 

092 

126 

0 88 

0 70 

0 46 

55 

22 

F 

W 

0 92 

1 36 

0 90 

084 

0 52 

56 

40 

M 

W 

13S 

102 

0 62 

0 76 

0 32 

57 

37 

M 

W 

OSO 

0S4 

0 62 

064 

0 36 

5S 

27 

M 

3sr 

164 

1 38 

0 81 

1 02 

03S 

59 

28 

M 

w 

060 

0 56 



0 28 

60 

36 

M 

w 

144 

106 



0 86 

61 

4S 

M 

w 

2 18 

1 34 



0 54 

62 

50 

M 

w 

0 9S 

100 



0 42 

63 

53 

M 

w 

2 26 

1 46 

0 40 

024 

0 62 

Mean 




131 

113 

0 71 

0 70 

0 48 

Maximum 




2 26 

1 40 

090 

102 

0 86 

Minimum 




0 60 

056 

0 40 

0 24 

028 


* For the 20 lids analyzed collectively , the mean distensibihty — 123 ± 0 06 mm the 
standard deviation, 0 43 ± 0 04 mm , and the coefficient of variation, 34 73 ± 4 01 per cent 


was not significant Therefore, the data for the 20 lowei eyelids of the 10 
normal subjects were analyzed collectively The mean for the 20 lids 
was 1 23 dfc 0 06 mm of stretch per centimeter of skin per 20 gm of 
force, with the minimum and maximum values 0 56 and 2 26 mm , 
lespectively The standard deviation was 0 43 ±0 05 mm and the 
coefficient of variation 34 73 ± 4 01 per cent It can be seen from the 
table that the skm of the lower lid is approximately two and a half times 
as distensible as that of the volar surface of the foiearm and twice that 
of the face It was previously found 1 that the distensibihty of the skm 
of the volar surface of the forearm was about three times that of the 
pretibial area, twice that of the dorsum of the foot, three-fourths that 
of the dorsum of the hand, and one-half that of the abdomen These 
i esults indicate quantitatively that the distensibihty of the skm of the 
lower eyelid is greater than that of the other legions mentioned, being 
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closely approached only by that of the skm of the abdomen This i elatn e 
difference is graphically illustrated by figure 4, in which the distensibility 
of the skm of the foieaim was arbitrarily expressed as 100 Obviousl), 
actual values could not be graphed, since the width and length of skm, 
as well as force, used m these studies on the eyelid difieied from those 
used in pieviously reported studies on the pretibial aiea, the doisum 
of the hand and foot and the abdomen However, since the skill of the 
foiearm was studied under both conditions, it was used as the standaid 
foi refeience in the construction of the figure 

Lmeai Rate of Lymph Flozv m the Superficial Lymphatics — In the 
10 white male subjects studied by the McMaster method, the linear rate 
of lymph flow m the lower eyelid was invariably more lapid in the 



Fig 4 — Comparison of the values for skm distensibility of seven areas of the 
body of normal subjects The figure was constructed on the basis of the disten- 
sibihty of the skin of the volar surface of the forearm, which was arbitrarily con- 
sideied to be 100 

sitting than in the supine position Tracings from a typical subject 
aie shown in figuie 5 Not only was the late of flow moie rapid in 
compaiable vessels in the sitting than m the supine position but, in man} 
instances, theie was an increase m the numbei of vessels filled These 
findings aie in agreement with those of McMaster, who obseived similai 
positional effects on the lymph flow m the superficial lymphatics of the 
foreaim It was also noted that the rate of diffusion of the dye in the 
ongmal wheal at the site of injection in some instances tended to be 
moie lapid m the skm and subcutaneous tissues of the hd than that 
descnbed for the foieaim by McMaster This difference was also noted 
m the foieaims of subsequent subjects studied during other observations 
In the 2 subjects with senile edema of the lower lids the hneai rate of 
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lymph flow was also gieatei with the subject m the sitting than m the 
supine position The results of studies on the 2 subjects in whom the 
obsei vations weie made fiist in the sitting and then in the supine position 
did not diffei discermbly from those on the other 8 subjects in whom 
the order of observation was leversed 

In the 11 white male subjects (9 normal and 2 with senile edema 
of the lower eyelids) it was found that, except in the upper eyelids of the 
2 normal subjects, the linear rate of lymph flow was much more rapid 
with blinking of the lids This is lllustiated by a typical case shown m 
figure 6 These results aie m agreement with those of McMaster, who 
found that exeicise increased the linear rate of lymph flow m the super- 
ficial lymphatics of the foiearm In the 2 exceptions there was no appar- 



3m, n Shun 


/D nun 

Z 0 n-un 

30 

Left LJ 

Fig 5— Eftect of position of the subject on the linear rate of lymph flow in 
the superficial lymphatics m the lower eyelids of a typical subject, the tracings 
of the lymphatics being made three, ten, twenty and thirty minutes after the mtra- 
dermal injection of patent blue V Observations on the left lid were made with 
the subject in the supine position and those on the right with the subject sitting 
The vessels draining nasally are to the left 

ent diffei ence in the rate of flow in the upper lids with and without the 
influence of blinking, m the othei subjects the temporal direction of flow 
was moi e rapid with blinking, while the nasal direction of flow was more 
rapid without blinking A satisfactory explanation for these differences 
cannot be advanced at present They may be due to the fact that the 
drainage was into the deeper tier of lymphatics, which anastomose with 
the supeificial lymphatics, 15 thereby piecludmg the observation of the 

IS Most, A Ueber die Lymphgefasse und die regionaren Lymphdrusen der 
Bmdehaut und der Lider des Auges, Arch f Anat u Physiol, 1905, pp 96-110 



N 

20 min 
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flow Blinking pioduced moie lapid diffusion of the dye from the lymph 
vessels as well as more rapid spread of the dye from the original site 
of injection No discernible difference in the results could be found 
between the 2 subjects with senile edema of the lower lids and the 9 
noi mal subjects 

Venous Pressure — In the 2 subjects who had veins of the lower lid 
sufficiently large for direct measui ements of venous pressure, the venous 
pressures were found to be 10 6 and 12 4 cm of watei 1 espectively, in 
the supine position and 4 8 and 2 2 cm m the sitting position Both of 
these patients suffeied from senile edema of the lower eyelids, but were 
free from any evidence of venous obstruction 

Effect on the Volume of the Antenoi Oibital At ea of Injecting 
Physiologic Solution of Sodium Chloride into the Postenoi Oibital 



3 mm 


IOm m 


ZOrriit) 



3 mm 



2 0 tn\n 




Le/f iu Right Lid 

Fig 6 — Effect of blinking on the linear rate of lymph flow m the superficial 
lymphatics in the lower eyelids of a typical subject, the tracings being made three, 
ten and twenty minutes after intradermal injection of patent blue V Observations 
on the left lid were made with blinking maintained at a minimum and on the 
right with blinking exaggerated The vessels draining nasally are to the left 


Space — The changes m volume noted for the anterior orbital structuies 
of both eyes of 2 dogs during the injection of I 0 cc of physiologic solu- 
tion of sodium chlonde into the posterior orbital space aie summanzed 
in figuie 7 A, Bj C and D With the injection of the solution of sodium 
chloride theie was a concomitant change m the volume of the tissues 
anteriorly, that is, the eyelids, and piobably the eyeball, were pushed 
outward The lids could be seen to become more pionnnent It could 
not be determined by inspection whether this increase m pionnnence of 
the 1 ids was due to deep structures pushing the lids anterior!) 
oi vhethei theie w^as an actual accumulation of fluid in the lids Theie 
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was a lag, however, between the completion of each injection and the 
occurrence of the maximum change in volume of the stiuctures 
anteriorly This lag will be discussed more fully later 


"D 06 No I 



Ntolumu of Phtji'ote^ie Solution of Sodiuw ChlOTtda i»itcted votum« of Ph«jiiolc£fc Solution of Sodiu* Chlotido injected 
(CC) 3 (CC) 


Poe No Z 



Fig 7 — Effect of injection of 1 0 cc of physiologic solution of sodium chloride 
in the posterior orbital space on the volume of the anterior orbital structures of 
2 dogs A and D show the results for the left eyes of the respective dogs, and 
B and C, for the right ejes The interrupted line illustrates the curve that would 
result were the changes in volume of the anterior structures equal to the volume 
of the solution of sodium chloride injected in the posterior orbital area The con- 
tinuous line illustrates the actual results 
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COMMENT 

A mean subcutaneous, tissue pressure for the lower eyelids of 23 4 
mm of water, a value almost equal to the mean pressure of 23 6 mm 
previously found 0 for the foiearm, would at fust prompt one to con- 
sider the looseness of the tissues of the eyelids of little significance m 
facilitating the accumulation of interstitial fluid m the lids Surely, from 
these findings alone, it would not seem that tissue tension influenced 
the volume of mteistitial fluid any differently m the eyelids than m 
the foi earm However, when 1 0 cc of isotonic solution of sodium 
chlonde was injected into the subcutaneous tissues of the volar suiface 
of the forearm, a i datively great use in tissue piessuie occuned, while 
a similar injection into the subcutaneous tissues of the lowei lid pioduced 
almost no change in tissue pressure An increase of 0 1 cc in the volume 
of the local subcutaneous tissue produced a greater rise in subcutaneous 
tissue pressure in the forearm, as well as in all other areas studied, than . 
a change of volume ten times as great pioduced m the eyelid It appears 
fiom these findings that the diffeiences in the values for tissue pressure 
aie not due entirely to differences m diffusion of the injected fluid, but 
in a large part to variations m distensibility of the lespective tissues 
Furthermore, m the presence of edema, which was marked in some 
instances, the subcutaneous tissue pressui e of the eyelids was found to be 
l datively little increased regardless of the stage of the edema (table 9) 
On the other hand, in some instances, tissue pressure was found to rise 
maikedly in the forearm m the presence of relatively less, but piogiess- 
mg, edema Subjects 9 and 30 (table 9), who weie sufifeimg fiom 
hypoproteinemia, a condition tending to produce edema with equal force 
thioughout the body, had edema of the eyelids and not of the foiearm 
At the same time, in both subjects the subcutaneous tissue piessuie in 
the eyelids, in spite of the local edema, was less than that m the non- 
edematous forearm Essentially the same sort of relationship as that 
obseived between the e}did and the foieaim was also found in othei 
aieas studied, namely, the loose pendulous bi easts and loose abdominal 
wall of multipaias, the piepuce and the pretibial aiea In the fiist tlnee 
aieas the difference was not as maiked, but nevertheless it was sufficient 
to be significant It has also been noted 10 that in cases of scleioderma, 
a condition m which the subcutaneous tissues are dense and atioplnc, the 
antithesis to the state of the tissues of the noimal eyelids, the tissue pres- 
sui e is gieatei than m a similar unmvolved aiea, likewise, the develop- 
ment of edema produced a maiked increase m the tissue piessure These 

16 Sodeman, W A , and Burcli, G E (a) The Tissue Pressure m Sub- 
cutaneous Edema, Am J M Sc 194 846, 1937, (b) Tissue Pressure An 
Objective Method of Following Skm Changes m Scleroderma, Am Heart J 17 : 
21, 1939 
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data tend to indicate that the looseness of the tissues of the eyelids 
rendei s them distensible, so much so that they are unable to benefit much 
fiom the limiting influence of tissue piessure on the formation of edema 
It is probable, however, that with very marked edema and considerable 
distention of the lids, tissue pressure may become a significant factor in 
limiting the formation of edema Theiefore, on the basis of tissue 
pressure alone, in the presence of any state that would tend to favor an 
equal accumulation of tissue fluid throughout the body, the eyelids would 
be less capable of preventing or limiting the accumulation of fluid and 
would be expected to become edematous early Since tissue pressure in 
the lids was not found to vary with the position, the time of day or the 
position of the lids, that is, whether they were open or loosely closed, as in 
sleep, one would not expect the interstitial fluid of the lids to vary under 
those circumstances as a result of tissue pressure This is particularly 
significant, as will be discussed later, in the explanation of the tendency 
for edema of the lids to develop during sleep when the subject is in the 
supine position and to disappear when the patient is up and about 

The studies of distensibility (“stretchability”) of the skm of the 
lower eyelids of normal subjects showed it to be greater than that of any 
other common site of edema studied, even than that of the abdominal 
wall As stated previously , 7 the skm acts as an important factor in 
limiting tissue pressure and, in turn, edema formation The extreme 
distensibility of the skm of the eyelids apparently has relatively little 
effect on the underlying subcutaneous tissue pressure, at least until large 
amounts of interstitial fluid have accumulated This was evidenced by 
the failure of the tissue pressure to rise when fluid was injected sub- 
cutaneously and by the lelatively small elevation m patients with edema 
of the lids It appears, therefore, that, all things being equal, on the 
basis of distensibility of the skm, edema would tend to develop more 
readily m the eyelids than m the pretibial area, the dorsum of the hand 
and foot, the forearm, the face and probably the abdominal wall In 
nonpregnant multiparas the values for distensibility of the skm of the 
abdominal wall and of the eyelids approximate each other so closely 
that it is impossible to be certain that distensibility of the skm influences 
foimation of edema any diffeiently in the two areas 

The studies of the linear rate of lymph flow m the supeificial 
lymphatics of the eyelids showed it to be greater with the subject m the 
upright than m the supine position This was evidenced by an increase 
m the linear rate of flow in similar vessels as well as by an increase in 
the number of vessels visualized, and tends to show that when the effects 
of gravity favor the return of lymph to the venous circulation the rate of 
lymph flow is increased Therefore, during the day, when a person is up 
and about and performing his daily duties, the drainage of lymph from 
the lids is more active than it is at night, when he is asleep and resting 
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honzontally in bed Although this gravitational effect on lymph flow 
may not abnormally influence the accumulation of interstitial fluid m 
the eyelids during sleep, it must facilitate rapid removal of such fluid 
during the day and must be significant in the piesence of edema of 
the lids 

Since the linear rate of lymph flow m the supeificial lymphatics is 
mci eased by movement, such as blinking, of the lids, it may be surmised 
that during sleep, when movement of the lids is at a minimum, lymph 
flow is not so rapid as during the day, when movement of the lids is 
relatively great Sleep would, therefore, favor the accumulation of 
interstitial fluid, while movement of the lids during the day would favor 
its removal On this basis, then, edema of the eyelids would be moie 
likely to disappear during the day, when the person is awake, while 
during sleep, when the lids are comparatively motionless, the removal 
of edema fluid by the lymphatics would be less active 

In the 2 subjects m whom there was a superficial vein of the eyelid 
sufficiently laige for direct determination of venous pressuie, the venous 
pressure was found to be lower with the subjects m the sitting than m 
the supine position These observations, though limited to only 2 sub- 
jects, suggest strongly that the hydrostatic, or filtration, pressure in the 
capillaries of the eyelids is decreased when a subject assumes an upright 
position Landis 17 has shown that elevation of the hand above the level 
of the heart decreases the hydiostatic, oi capillary, blood pressuie 
There is no leason to doubt the occuirence of a similar effect m the 
capillaries of the eyelid when a person assumes an upnght position and 
the eyelids aie above the level of the heart Theiefore, interstitial fluid 
would tend to accumulate moie lapidly with the subject in the supine 
than m the upnght position because of the vanations m venous piessuie 
in the respective positions On the basis of venous piessuie alone, it 
might be expected that, in a person suffenng fiom a condition tending 
to produce edema geneially, edema would be more likely to develop in 
the lids at night during sleep and would disappeai more leadily 
during the day, when he is upright 

The eyelids aie peculiar anatomically in that they enclose anterioily 
a pyi anndal space, the orbit, containing incompressible material sur- 
lounded, except at its anterior suiface, oi base, by rigid bony walls and 
l datively mcompiessible maternal In older foi any material to 
accumulate m the oibit, it would have eithei to displace blood from the 
adjacent vessels or to push tissue and fluids anteriorly, where the walls 
are distensible It is unlikely that only blood would be displaced, and 
then, if at all, probabl} to only a minor extent, unless the localized tissue 

17 Landis, E M Micro-Injection Studies of Capillary Blood Pressure in 
Human Skin, Heart 15 209, 1930 
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pressure exceeded the arterial diastolic pressuie, a condition which is 
unlikely m edema Furthermore, with diffuse model ate compression of 
blood vessels, mti avascular pressuie m the compressed vessels, capil- 
laries, venules and small veins would be built up from the arterial side 
to reestablish blood flow It has been shown that m edema the tissue 
pressure is unlikely to mciease sufficiently to exceed even capillary blood 
pressure for any great length of time 16a It appears, therefore, on a 
purely theoretic basis, that edema fluid which accumulates in the 
posterior orbital space, tending to laise tissue piessuie locally, will flow 
mtercellularly into the distensible eyelids, where tissue pressure is and 

1 emams relatively low even in the presence of much edema The studies 
of Charpy and Cleimont 18 tend to support this leasonmg They injected 
colored gelatin into the postenoi oibital spaces of fresh cadavers and 
noted bulging of the tissues antenoily, with an occasional rupture of 
the nasal poition of the oibital septum and escape of the material into 
the lids In 1 instance the colored gelatin flowed fieely from the 
posterior orbital space into the lids and filled the subcutaneous tissues 
In the orbits injected by these obseivers, the matenal did not progiess 
posteriorly, but mvanably migrated anterioily With lapid injections 
the oibital septum acted as a bamer to the escape of the material into the 
eyelids On the other hand, the authois stated that with a gradual 
accumulation of intei stitial fluid, as in edema, the interstitial fluid would 
diffuse fieely through the orbital septum and lodge in the subcutaneous 
tissues of the eyelids Heeifordt 19 obtained essentially the same results 
m cadavers aftei the injection of air into the posterior orbital space 
The increase in volume noted for the tissues antenoi to the orbits of 

2 dogs after the injection of physiologic solution of sodium chloride into 
the posterior orbital spaces (see page 491) lends fuither support to the 
idea that intei stitial fluid which tends to accumulate in the posterior 
orbital space probably migiates anterioily into the subcutaneous tissues 
of the lids In the foui orbits injected the total change in volume 
antenorly was not equal to the total volume of physiologic solution of 
sodium chloride injected into the postenoi region of the oibit This is 
probably due m part to displacement of blood and eirors in the method 
employed The lag m the change m volume antenorly after the injection 
of fluid into the oibits is probably due to the reaccumulation of displaced 
blood and also to seepage of the injected solution into the anterior tissues 
of the orbit 

18 Charpy and Clermont Structure topographique des paupieres et epanche- 
ments mtrapalpebraux, Bibhog anat 21 65, 1911 

19 Heerfordt, C F Ueber das Emphysem der Orbita, Arch f Ophth 58 
123, 1904 
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Although the venous pressure and lymph flow oi the face are affected 
by postural changes in essential!}' the same way as are those of the 
e}'ehds the effects on tissue chsiensibility are different as shown by the 
studies of tissue pressure and shin distensibibty These structures differ 
further in that the eyelids probably accommodate most of the excessive 
amount of interstitial fluid that escapes into the intraorbital space as well 
as that which escapes into the tissue spaces or the eyelids themselves 
The tissues of the face like those of other areas ot the body studied 
accommodate only the fluid escaping into them. On the basis of these 
observations therefore edema would be expected to develop more 
readily m the eyelids than in adjacent areas namely the face 

It is more than likely that in a disease tending to produce edema 
generally, such as acute hemorrhagic nephritis edema fluid accumulating 
in the mtraorbital space migrates into the distensible eyelids, thus making 
the eyelids swell more than they would if they had to accommodate only 
the edema fluid accumulating m the Lds themselves This might 
render the evehds chnicallv edematous before other areas of the bod}' 
m which a similar anatomic peculiarity dees not exist As Drury and 
Jones 20 hate shown it is necessary for a part to increase approximately 
8 per cent in volume before clinical edema is manifested and since the 
eyelids probably accommodate interstitial fluid accumulating m the whole 
orbit as well as in their own tissues the lids might experience an increase 
of 8 per cent in volume before other areas which accommodate only the 
fluid escaping into their own tissues 

SUMMARY 

The mean subcutaneous tissue pressure in the lower eyelids of 21 
normal subj'ects was found to be 23 - r= 0 7 mm of water with a stand- 
ard deviation of 5 1 ~ 0 5 mm The minimum and maximum variations 
were 16 and 32 mm of water, respectively Subcutaneous tissue pres- 
sure in the eyelids remained practically the same when 1.0 cc. of a physi- 
ologic solution of sodium chloride was injected subcutaneously There 
was a definite rise in the subcutaneous tissue pressure when a similar 
amount of physiologic solution of sodium chloride was injected sub- 
cutaneously into the loose pendulous breasts and loose abdominal wall 
of a multipara and into the prepuce and there was a comparatively 
marked rise when the solution was injected into the subcutaneous tissue 
of tlie volar sunace oi the forearm and the pretibial area Even with 
marked edema ot the eyelids due to various causes the subcutaneous 
tissue pressure ot the lids increased relatively little 

20 Drury A X ara Jones X V Observations upon ine Rate at Vhicn 
Edema Forms A hen the Veins of the Human Limbs A-e Coneested Heart 14* 
53 1927 
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The skin of 20 lower eyelids was found to be veiy distensible, having 
a mean distensibility (“stretchability”) of 123 ±0 06 mm of stretch 
per centimeter of skin per 20 Gm of foice, with minimum and maximum 
variations of 0 56 and 2 26 mm , respectively The standard deviation 
was 0 43 ± 0 05 mm The distensibility of the skin of the eyelids was 
found to be approximately five times that of the pretibial area, four 
times that of the doisum of the foot, two and a half tunes that of the 
volar surface of the foiearm, twice that of the face, one and three- 
fouiths times that of the dorsum of the hand and one and two-tenths 
that of the abdomen 

The lineai rate of lymph flow in the supeificial lymphatics of the 
skin of the eyelids with the subject resting quietly in the supine position 
was found to be increased by blinking or by the subject’s merely 
assuming the sitting position 

Direct determinations of the venous pressure in the veins of the 
lower lid of 2 subjects without venous obstruction and with veins suffi- 
ciently large for venipuncture showed a marked decrease when the 
subjects changed from the supine to the sitting position 

The injection of physiologic solution of sodium chloride into the 
posterior orbital aiea of dogs increased the volume of the anterior tissues 
of the orbit This increase was consideied an indication of a probable 
migration anteriorly of edematous fluid, which escapes to the only freely 
distensible poi tion of the rigidly enclosed orbit containing incompressible 
material 

CONCLUSIONS 

These data indicate that in the eyelids of a subject suffering from a 
condition tending to pioduce edema equally thioughout the body, such 
as acute hemoirhagic nephritis, edema would develop more readily and 
probably earlier than m other common sites of edema because of the 
marked distensibility of the eyelids, the absence of early and maiked 
benefits from the local tissue piessure and restraining skm in limiting 
formation of edema and the fact that the lids accommodate not only the 
edema fluid escaping into their own tissues but also that of the whole 
oibital cavity The edema would be most apt to develop early during 
sleep because at that time the lymph flow is most sluggish, movement of 
the lids and gravitational effects favoi mg lymph flow ai e at a minimum 
and venous piessure is most marked Conversely, the edema would be 
expected to disappear during the day, when the patient is up and about 
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The concept that acid gastric juice plajs an essential role in the 
genesis of peptic ulcer is supported by a great deal of clinical, pathologic 
and experimental evidence A number of points, however, are not }et 
clear Apparently incompatible wuth this thesis is the alleged occurrence 
of chronic ulcer with achlorhydria In this paper we wish to consider 
the question as to whether or not peptic ulcer occurs in the complete 
absence of acid gastric juice 

In 1926 one of us (W L P ) reviewed the literature on this sub- 
ject, studied a group of cases and concluded that there was no conclusive 
evidence that chronic ulcer occurs m the complete absence of acid gastric 
juice 1 The evidence usually offered to prove that ulcer may occur 
in the presence of achlorhydria was found inadequate either m demon- 
strating achlorhydria or in establishing the presence of chronic benign 
ulcer, or, indeed, m both respects It was pointed out that before the 
diagnosis of ulcer wuth anacidity may be made the anacidity must be 
“histamine proved” and the ulcer must be shown not onl} to be present 
but to be not syphilitic, tuberculous or carcinomatous In a series of o\ er 
1,000 cases of gastric and duodenal ulcer studied at that time, no 
instance of chronic benign ulcer occurring in the presence of complete 
achlorhydria was found 

Since then, various authors have reported instances of “ulcer with 
achlorhydria” Cheney, 2 in 1927, described a case of, chronic benign 
gastric ulcer m wrhich two evening samples of gastric juice failed to 
show any free acid and the continuous quantitative estimation of 

From the Department of Medicine, the Unn ersity of Chicago 

A brief resume of this paper was presented before the Association of American 
Physicians at Atlantic City, N J , May 2, 1939 

1 Palmer, W L The Mechanism of Pam in Gastric and Duodenal Ulcers 
I Achlorhydria, Arch Int Med 38 603 (Nov ) 1926 

2 Cheney, G Peptic Ulcer and Achlorhydria, California & West Med 27*78, 

1927 
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gastric secretion by the method of Bloomfield and Keefer 3 showed very 
low ten minute secretions, rapid emptying time and no acid reaction to 
Topfer’s reagent or to neutral led in any of the specimens, the total 
acidity reaching only 6 degiees At operation an “almost completely 
healed ulcer measuring 3 by 4 cm ” was found It is significant that 
no histamine test was carried out and that an Ewald test meal six months 
earlier had shown fiee acidity of 26 and total acidity of 39 degrees 
Appaiently the stomach was able to seciete acid gastnc juice at the time 
the ulcer developed 

Wilson and Earl 4 described a case of gastnc ulcei in which repeated 
Ewald test meals failed to disclose fiee acid whereas a fractional his- 
tamine test revealed a maximum free acidity of 16 “At operation a 
small, indurated, paitially healed ulcer with a shallow crater, 4 mm m 
diameter, and a zone of mduiation of 1 5 cm diametei was found 
The microscopic sections gave no evidence of malig- 

nancy ” In a second case of gastnc ulcei descubed by these authois 
the Ewald test meal yielded no free hydrochloric acid, but the histamine 
test disclosed the maximum of free acidity to be 32 degiees 

Abramson 5 6 7 found the evidence demanded by Palmei “too severe” 
and estimated that the incidence of achlorhydria m cases of gastnc 
ulcer was 13 5 per cent In a senes of 89 cases, he observed 3 in which 
no free acid was found by fractional analysis after a lusk test meal 
(a modified Ewald) or aftei histamine given simultaneously with a 
rusk test meal Two of these 3 cases were so-called recent cases 
Fuithei details weie not given These cases may indeed have been 
instances of chionic ulcei with complete and persistent achlorhydria, but 
the repoit is too brief to be completely convincing Miller, Prender- 
grass and Andiews, 0 m a study of 30 cases of gastric ulcer, found 1 
instance of achlorhydria, but here also the evidence for the diagnosis 
was based on a single Ewald test meal and was theiefore insufficient 
The case of active duodenal ulcer described by Braimbndge ' was ade- 
quately pioved so far as the presence of active ulcer was concerned, 

3 Bloomfield, A L , and Keefer, C S A Method for the Continuous Quan- 
titative Estimation of Gastnc Secretion and Discharge in Man, Arch Int Med 
37 819 (June) 1926 

4 Wilson, J A , and Earl, G Achlorhydria and Hypochlorhydria in Peptic 
Ulcer, Minnesota Med 15 79, 1932 

5 Abramson, L Occurrence of Achloihydna m Gastric and Duodenal Ulcer, 
Acta med Scandinav 77 77, 1931 

6 Miller, T G , Prendergrass, E P, and Andiews, K S A Statistical 
Study of Clinical and Laboratory Findings m Gastnc and Duodenal Ulcer, Am J 
M Sc 177 15, 1929 

7 Braimbndge, C V An Unusual Case of Duodenal Ulcer, East African 
M J 14 172, 1937 
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but the diagnosis of achlorhydna rested on a single fractional test meal 
(type not stated) Moutier and Colmenares 8 stated that one of them 
had encountered 2 cases of gastric ulcer with achlorhydria, but they 
gave no details Vanzant, Berkson, Alvaiez and Eusterman, 9 aftei 
reviewing the literature, concluded that achlorhydna “is present just 
as often m patients with ulcer of the stomach as m normal persons ” If 
this is true, the incidence of anacidity, as demonstrated by the histamine 
test, in patients with chronic gastric ulcer should be over 10 per cent, 
for Bloomfield and Polland 10 found the incidence m noi mal persons to 
be 11 9 per cent We have not been able to find satisfactory evidence 
of such an incidence m patients with chronic gastric ulcer 
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Fig 1 — Maximum free acidity of gastric contents recorded after various tests 
in 84 cases of gastric ulcer 


Gutzeit 11 described an acute ulcei seen gastroscopically m the 
stomach of a patient with pernicious anemia and histamme-proved 

8 Moutier, F , and Colmenares, T Ulcere duodenal avec achlorhydrie chez 
un syphilitique, Arch d mal de l’app digestif 27 980, 1937 

9 Vanzant, F R , Berkson, J , Alvarez, W C, and Eusteiman, G B 
Changes m Gastric Acidity Associated with Peptic Ulcer, Cholecystitis, and Other 
Diseases, Analyzed with the Help of a New and Accurate Technique, Arch Int 
Med 52 616 (Oct ) 1933 

10 Bloomfield, A L , and Polland, W S Gastric Anacidity, New York, The 
Macmillan Company, 1933, p 53 

11 Gutzeit, K Die Gastroskopie 1 m Rahmen der klinischen Magendiagnostik, 
Berlin, Julius Springer, 1929 
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achlorhydna Symptoms of ulcer were not present The accidental 
observation was not confirmed by further gastroscopic or loentgen 
examinations 

Our own observations on acidity in cases of gastric ulcer in the 
past eleven yeais are summarized m the scatter diagram of figuie 1 
In 84 cases of chronic gastric ulcer no instance of complete and per- 
sistent achlorhydria was found In 1 instance the single gastric analysis 
made was earned out aftei an Ewald test meal and showed free acidity 



Fig 2 (case 1) — Small chronic gastric ulcer, with moderate hourglass deformity, 
associated with low gastric acidity (maximum free acidity after histamine, 18 
degrees) 

of only 4 A histamine test was not done It would almost surely have 
shown higher values 

Three cases of our senes aie of such intei est as to warrant rather 
detailed descriptions 

REPORT OF CASES 

Case 1 — A woman 51 years of age was admitted to the hospital Dec 11, 1930, 
because of abdominal distress, which conformed to the ulcer pattern, of two years 
duration The pain had first appeared six years prior to her admission and had 
lasted until the patient was operated on two years after the onset The surgeon 
at that time found “an old healed peptic ulcer with marked cicatricial contraction 
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and hourglass formation between the middle and lower thirds of the stomach , the 
scar was excised Ewald test meals at that time were leported to have disclosed 
free acidity of only 10 and 12 degrees The patient remained well for two years 
and then the distress recurred At the time of admission to the hospital m 1930, 
roentgen examination disclosed a penetrating ulcer of the lesser curvature, with 
moderate hourglass formation (fig 2) The patient was poorly nourished, but 
there was neither clinical nor roentgen evidence of pulmonary tuberculosis The 
blood Wassermann and Kahn tests were negative Rather severe essential hyper- 
tension was present, the blood pressure ranging from 205 to 225 systolic and from 
105 to 125 diastolic Several gastric analyses gave the results summanzed in 
table 1 

The patient obtained complete symptomatic relief with the usual treatment for 
ulcer The crater decreased in size, as seen m roentgenograms, but did not dis- 
appear Three months later, at operation the hourglass contracture was found, 
together with a hard ulcer about 0 7 cm in diameter The ulcer was excised, 
examined microscopically and found to be benign There has been no recurrence 
of the epigastric distress in the eight yeais since the operation The patient has 
remained well except for the essential hypertension and its complications 


Table 1 — Com se of Events in Case 1 




Maximum 

Date 

Test Meal 

Free Acidity 

Dec 6,1930 

Motor meal (2 hours) 

18 

Dec 12 

Ewald (45 minutes) 

0 

Dec 15 

Alcohol (fractional) 

0 

Dec 17 

Histamine (fractional) 

0 

Dec 22 

Normal meal (3 hours) 

10 

Dec 31 

Histamine (fractional) 

12 

March 25, ig3l 

Histamine (fractional) 

18 


It is of interest to note that one Ewald test meal, one fractional analysis after 
alcohol and one histamine test each failed to disclose free acidity, although a small 
amount of free acid had been found previously with a so-called motor meal and 
was shown to be present by a subsequent histamine test The level of gastric 
secretion was obviously low — the lowest in the group studied It is entirely possible 
that the gastric secretory response may have been greater at times than the test 
meals disclosed The evidence suggests, however, that, while this was not an 
instance of chronic ulcer with complete achlorhydria, it was a case of chronic 
ulcer with very low acidity, similar to the case described by Wilson and Earl 
The rather indolent, chronic nature of the lesion, with the definite hourglass 
formation, suggests a process of only moderate activity 

Case 2 — The course of events in this case is somewhat similar, and in some 
respects more striking 

A man was first admitted to the clinic in October 1932, at the age of 51 He 
gave a history of periodic epigastric distress of ten years’ duration The free 
acidity following an Ewald test meal was 50 degrees The roentgenograms dis- 
closed a large penetrating ulcer of the lesser curvature of the stomach, with a deep 
mcisura on the greater curvature which almost amounted to an hourglass con- 
tracture Complete symptomatic relief was obtained with medical treatment The 
patient soon discontinued the use of alkali, however, and took it only occasionally 
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Fig 3 (case 2) — Chronic gastric ulcer, with hourglass deformity, associated 
with variable gastric secretory response (transitory achlorhydria demonstrated by 
histamine tests) 


Table 2 — Couise of Events m Case 2 



Maximum Degrees of 

Gastroscopic 

Roentgenographic 

Date 

Dree Acidity 

Observations 

Observations 

1932 

Oct 5 

Ewald 50 


Large ulcer with hour 




glass contracture 

1938 




May 19 
May 25 


Uicer with tremendous in 

Large ulcer 



flammatory infiltration 


May 28 
June 1 
June 4 
June 8 
June 15 

Histamine 0 6 mg 62 
Histamine 0 6 mg 33 
Histamine 0 6 mg 28 
Histamine 1 0 mg 5 
Histamine 1 0 mg 0 

Two small superficial ulcers 

Very small ulcer with 


with slight inflammation 

hourglass deformity 

June 16 
June 27 
July 27 

Histamine 1 0 mg 10 
Histamine 0 6 mg 45 

Ulcer freshly epithelized 


Aug 15 

Histamine 0 6 mg 44 



Oet 8 
Oct 15 
Oct 19 

Histamine 0 6 mg 64 
Histamine 0 6 mg 0 

Small ulcer with marked 




gastritis 


Oct 29 
Nov 4 

Histamine 0 6 mg 76 


Small ulcer with 




deformity 

Nov 9 
Nov 12 

Histamine 0 6 mg 79 
Histamine 0 6 mg 79 

Ulcer ? 

Small ulcer with 



deformity 


Nov 18 
Nov 19 


Histamine 0 6 mg 0 
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whenever slight distress recurred In 1938, six years latei, he returned with another 
rather severe attack of pain Roentgenograms again revealed a penetrating gastric 
ulcer of the lesser curvature, with deformity of the greater curvature also The 
Wassermann and Kahn tests of the blood were negative The patient was thin 
and poorly nourished, but there was no evidence of extragastnc disease In the 
course of a few weeks of treatment, the ulcer crater, as seen m the roentgeno- 
grams, disappeared (fig 3) Gastroscopically the ulcer was seen to heal, and 
the rather intense gastritis impioved markedly Later the ulcer recurred The 
course of events is summarized in table 2 As the ulcer healed, the gastric secretory 
response to histamine decreased from 62 on May 28 to zero on June 15 and then 
gradually rose to a peak of 79 on November 9 The achlorhydria of October 15 
and that of November 19 are difficult to explain Perhaps they were due to errors 
in technic In any event it is appaient that in this case of gastric ulcer there 
occurred a phase in which gastric secretion was diminished to the point of achlor- 
hydria During this phase, with continuance of the antacid therapy, the healing 
of the ulcer progressed and the inflammatory process in the gastric mucosa markedly 
improved The hourglass deformity of the stomach in this instance suggests, as 
in the previous case, a rather indolent or only modeiately active process 

The variation in the secretory response to histamine is indeed amazing Schiff 12 
observed the same phenomenon in an apparently normal stomach in which frequent 
histamine tests were carried out over a prolonged period The cause was not 
apparent The gastric mucosa, as seen through the gastroscope, was not signifi- 
cantly altered during the phase of achlorhydria Seymour, Spies and Payne 13 also 
noted that in certain cases the initial histamine test disclosed anacidity but subse- 
quent tests disclosed the presence of free acid 

Case 3 — A woman aged 62 was admitted to the hospital Dec 7, 1936, complain- 
ing that she had experienced continued epigastric pain and vomiting for sixteen days 
Periodic gnawing epigastric distress had been present for ten months prior to 
admission The fractional gastric analysis aftei histamine stimulation disclosed 
a maximum of free acidity of 75 degrees An enormous penetrating ulcer of the 
lesser curvature of the stomach was found, and its course to complete healing in 
April 1937 was followed by means of roentgenograms (fig 4) and the gastroscope 
The course of events is outlined in table 3 

No recurrence of a lesion was found until Oct 22, 1938, when Dr Rudolf 
Schindler observed through the gastroscope a “very definite crater-like, though 
not very deep, ulcer on the lesser curvature Its floor was yellowish, its edges 
were sharp, and it was surrounded by a red halo ” It was not seen in the roent- 
genograms taken on November 1, but on November 16 Dr Schindler again saw 
the ulcer, which looked just as it had at the examination one month previously 
On December 9 he found that it had healed completely The patient did not com- 
plain of distress during the time the ulcer was present but, on questioning, admitted 
that she had at times noticed “a little gnawing feeling,” relieved by an alkaline 
powder or by milk 

The lesion recurred in March 1939 The patient did not experience so-called 
“ulcer pain,” although she admitted that on March 4 there was generalized 

32 Schiff, L Gastric Secretion m Man Observations on the Effects of 
Repeated Injections of Histamine and on Transient Achlorhvdria, Arch Int Med 
61 774 (May) 1938 

13 Seymour, W B , Spies, T D , and Payne, W The Gastric Secretion in 
Chronic Alcoholic Addiction, J Clin Investigation 13 15, 1939 
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75 
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Healing 
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17 
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April 24 


Healed 

Healed 


* Alcohol test meal 




PALMER-NUTTER— PEPTIC ULCER AND ACHLORHYDRIA S07 


abdominal soreness or discomfort, which was not severe and was somewhat intensi- 
fied by eating On the other hand, on March 10 and again on March IS she 
stated that there had been no pain— “Nothing bothers me” — and on March 27, 
when the ulcers were found gastroscopically to be healed, she again admitted the 
presence of mild epigastric “soreness— just soreness ” It was felt that no reliance 
could be placed on the statements of the patient She made no complaints at the 
time of the shallow ulceration found in April 1939 The conclusion was reached 
that if symptoms were present they were indeed mild 

The free acidity, 75 degrees, present in 1936 at the time the large ulcer was 
observed is certainly acceptable as acidity The drop in the gastric secretion and 
the weak response to histamine after April 1937 are difficult to understand Per- 



Fig 5 (case 3) — Acute transitory gastric ulcers, hardly discernible roentgeno- 
logically, associated with low gastric acidity and transient achlorhydria 

haps they might be attributed to the atrophic gastritis which Dr Schindler observed 
m variable degrees from time to time The small, shallow ulcer observed gastro- 
scopically on Oct 22, 1938, during the period of low secretory response, was not 
found in the roentgenographic examination on November 1 On November 11 
gastroscopic examination showed the lesion to be healing, and on December 9 it 
was healed Apparently it was a superficial acute or subacute ulcer A small 
shallow ulcer was found again by gastroscopic examination on March 3, 1939, 
and by roentgenologic examination on March 6 It was still seen through the 
gastroscope on March 8, but the roentgenograms failed to disclose it on March 13 
On March 20 it was almost healed, and on April 5 it was healed A shallow 
lesion was again visible through the gastroscope on April 19 and could be detected 
on the roentgenogram two days later On April 21, however, it could not be 
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demonstrated by either gastroscopic or roentgenologic examination No free acid 
was found after the injection of histamine on March 4, March 10 oi April 5, 
and a maximum of 20 units was found on March 20 This is the most persistently 
low secretion of acid that we have observed in a patient with ulcer The lesion 
demonstrated during the period of achlorhydria and the two occurring in the 
presence of very low acidity were small, superficial and barely detectable in 
the roentgenograms (fig 5), and they healed promptly, hence they seemed obviously 
to have been acute or subacute rather than chronic ulcers 


COMMENT 

Rodgers and Jones 14 recently described a type of acute or subacute 
small gastnc ulcer, 2 to 5 mm in diameter, which is not found roent- 
genologically but is found gastioscopically only in the presence of a 
“thin atrophic mucosa and associated with absence or diminution m 
the secietion of acid ” In 7 of their 17 cases achlorhydria was shown 
after the injection of histamine (presumably; a single test) One of the 
patients had pernicious anemia and a strongly positive Wassermann 
reaction In 3 patients given gastroscopic examination after intervals of 
two to four weeks, the ulcers were found to have disappeared The 
authors stated that they had never seen “large chronic gastric ulcers 
m patients with a umfoimly thin gastric mucosa and either a 
low acid curve or achlorhydria ” 

The statement just cited and, indeed, the other observations of 
Rodgers and Jones are quite in accord with our own experience 
Apparently acute and subacute ulcers may develop in the stomach in 
the piesence of achlorhydria, but such lesions do not become chronic 
nor are they of laige size Acid gastnc juice is essential for the 
development of large chronic ulcers, the typical ulcers of Cruveilhier 
Important confirmation of this view is given by the failure of Kahn 15 
to find a single chronic, or indeed, acute, peptic ulcer at autopsy m 
840 cases of pernicious anemia, and by the apparent failuie of Wash- 
burn and Rozendaal 16 to find such an ulcer m 906 consecutive cases 
of pernicious anemia Murphy and Howard 17 referred to 4 instances 
of duodenal ulcer encounteied m 440 cases of pernicious anemia, but 
no evidence, clinical or roentgenologic, was presented to show that the 
alleged ulcer was active 

14 Rodgers, H W, and Jones, F A Subacute Ulceration of the Stomach 
Associated with Atrophy of the Gastnc Mucosa and with Absence or Diminution 
in the Secretion of Hydrochloric Acid, St Barth Hosp Rep 71 140, 1938 

15 Kahn, J R Absence of Peptic Ulcer m Pernicious Anemia, Am J M 
Sc 194 463, 1937 

16 Washburn, R N , and Rozendaal H M Gastric Lesions Associated with 
Pernicious Anemia, Ann Int Med 11 21 72, 1937 

17 Murphy, W P, and Howard, I An Analysis of the Complications 
Occurring m a Series of Patients with Pernicious Anemia, Rev Gastroenterol 
3 98, 1936 
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CONCLUSIONS 

1 Small acute and subacute gastnc ulceis may occur m the piesence 
of achlorhydi 1 a proved by the histamine test 

2 Laige chiomc gastnc ulcers occur only m the presence of acid 
gastric juice 

3 Acid gastnc juice plays an essential lole in the genesis and course 
of chronic gastnc ulcer 

ADDENDUM 

Since the completion of the voile just desenbed, apapei by Ruffin and 
Dick 18 has appealed in which an incidence of achlorhydria in cases of 
active duodenal ulcer of 5 4 pei cent (24 of 419 cases) was reported, as 
well as a similar incidence m cases of gastric ulcer, 6 7 pei cent (3 of 42 
cases) Apparently the diagnosis of achlorhydria was based on a single 
determination (histamine) The fallacy inherent m such an analysis 
has already been pointed out, hut it may be illustrated furthei by the 
following brief lepoit 

A man 48 years ot age entered the hospital June 7, 1939, with a history of 
epigastric distress of ten years’ duration The stools had been tarry one month 
prior to admission Gastric ulcer was found gastroscopically and roentgenologically 
The following gastnc analyses were carried out 


Date 

Stimulus Free Acidity (Maximum) 

June 15 

Histamine, 0 5 mg 

0 

18 

Histamine, 0 5 mg 

0 

24 

Histamine, 0 5 mg 

0 (Tip of the tube shoun fluoro 

25 

Histamine, 0 5 mg 

scopically to be in stomach) 

0 (p u 3 49) 

30 

Histamine, 0 5 mg 

52 (pu 1 50) 

30 

Histamine, 1 mg 

76 (pu 1 50) 

30 

Histamine, 1 mg and 
100 cc of 7% alcohol 

6S (pa 1 61) 


Subtotal gastrectomy was performed by Dr Phemister July 5 Two small 
healing gastric ulcers were found in the resected specimen 

In the University Clinics gastric analysis has been carried out foi 
patients with digestive complaints routinely and on the whole with few 
exceptions during the past twelve years In a senes of ovei 2,200 
cases of proved (roentgenologically, gasti oscopically or by operation) 
active gastric or duodenal ulcei, no instance of complete and persistent 
achlorhydria has been encountered 

18 Ruffin, J M , and Dick, M The Significance of Gastric Acidity After 
Histamine Stimulation A Statistical Study of 2877 Gastric Analyses, Ann Int 
Med 12 1940, 1939 



HYDATID CYSTS OF THE LUNG 
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The infrequent occuirence of hydatids of the lung in Noith America 
prompts the recoiding of 2 cases and a leview of the recent literature 
Although echinococcus disease is pievalent in Austiaha, Iceland, South 
Amenca and some of the Mediterranean countries, only 44 cases of 
pulmonary and pleuial echinococcus cysts are to be found m the 
literatuie of the United States and Canada Thirt}-foui of these cases 
were collected in 1 930 by Phillips, 1 who added 2 cases of his own The 
8 cases subsequently reported or referred to and the 2 cases reported in 
this article make a total of 46 known cases 

The nativity of a few of the patients whose cases have been leported 
is not known, yet it is of interest that hydatid disease of the lung has 
occurred in only 5 patients known to have been born in North America 
(Garrett, 2 Magath, 3 Phillips’ case, 1 Johns 4 and Leslie 5 ) Both the 
patients who are the subject of this lepoit had emigrated fiom countnes 
in which the disease is pievalent, and the probability is great that the 
infestation occuried prior to then enhance into this country Since 
the disease may occasionally be encountered in this country, it should 
be considered in the differential diagnosis of pulmonaiy lesions 
resembling hydatid disease The difficulties m diagnosis are well 
illustrated m case 2, in which the correct diagnosis was not made until 
three years after the patient reported for treatment A discussion of 
the symptoms, diagnosis and treatment of pulmonary hydatids will be 
omitted in this article, as these aspects have been full} presented m the 

From the Department of Surgery, University of Michigan 

1 Phillips, E W Hydatid Cysts of the Lung Review of the Recorded 
North American Cases, Arch Surg 21 1324-1 377 (Dec) 1930 

2 Garrett, R E Hydatid Cysts, with a Report of a Case, Maryland M J 
49 373-378, 1906 

3 Magath, T B Echinococcus Disease Etiology and Laboratory Aids 
to Diagnosis, M Clin North America 5 549-571 (Sept ) 1921 

4 Johns, F S , in discussion on Phillips 1 

5 Leslie, C J Pulmonary Echinococcosis, Am J Dis Child 55 1267-1272 
(June) 1938 
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excellent and comprehensive writings of Phillips , 1 Dew , 6 Deve , 7 Caiay- 
annopoulos 8 and Godfrey 9 

REPORT OF CASES 

Case 1 — Hydatids of flew a di anted by thoracotomy in anothei hospital m 1923, 
i eappeai ance m lung in 1931, operative lemoval, with appaient ewe 

Iiisloiy — P P, a man aged 30, was admitted to the University Hospital on 
Sept 16, 1931, complaining of cough, sputum and sweating The patient was born 
in Greece, and during his childhood he often played with dogs when visiting 
his father’s sheep ranch At the age of 14 he emigrated to this country He was 
in good health until a year or two later, when he suffered from a cough which 
was diagnosed as whooping cough A month after the onset of the cough a 
sharp pleuritic pain developed in the lower right portion of the chest anterolaterally 
He returned to Greece for seven months, and on his arrival there the cough dis- 
appeared Because of continuation of the pam, he was examined by several 
physicians, whose findings were negative Roentgenograms of the chest were not 
taken On his return to this country, the pam disappeared and he felt well until 
1923, when there developed a “cold” and a severe pam of sudden onset in the right 
side A diagnosis of pleural effusion was made, and a thoracotomy was performed 
on the right side The nature of the observations at operation is not known, as no 
report could be obtained from the surgeon or hospital During the daily dressings 
the patient noticed that numerous whitish gray cysts, 1 5 to 2 cm in diameter, 
were expelled from the wound They were examined, and the patient was told 
they were echinococcus cysts The thoracotomy wound became too small for ade- 
quate drainage, and a second operation was performed After this the wound 
healed, and a roentgenologic examination revealed no further disease The patient 
then felt well and had no symptoms except when he had a “cold,” at which time 
there would be a small amount of blood-streaked sputum and occasional mild 
pain in the region of the thoracotomy scar 

In September 1931, the pam recurred in the right lower portion of the thorax 
anterolaterally and was accompanied by perspiration, cough and expectoration of 
dark gray, foul sputum, which had a “burning taste ” Eight days later the patient 
expectorated a “broken cyst,” similar in appearance to the cysts which had been 
discharged through the thoracotomy opening eight years previously During the 
next eight days prior to his admission, he expectorated some blood, several cysts 
and about a cupful of sputum daily 

Physical Examination — There were marked pallor, profuse diaphoresis, 

moderate cough and expectoration and less than 1 degree (F ) of fever Excursion 
of the right part of the thorax was decreased, and a depressed scar, 5 cm 

in length, was visible on this side in the region of the sixth and seventh ribs 

between the anterior and the posterior axillary line Extending upward and 

6 Dew, H R Hydatid Disease Its Pathology, Diagnosis and Treatment, 
Sydney, Australasian Medical Publishing Company, Ltd , 1928 , Some Aspects of 
Echinococcus Disease, Surgery 2 363-380 (Sept ) 1937 

7 Deve, F Trente-deux annees d’etude de l’echinococcose, Prensa med 
argent 19 523-534 (Aug ) 1932 

8 Carayannopoulos, G Contribution to the Diagnosis and Treatment of 
Hydatid Cysts of the Lung, Ann Surg 100 125-147 (July) 1934 

9 Godfrey, M F Hydatid Disease Clinical, Laboratory and Roentgeno- 
graphic Observations, Arch Int Med 60 783-804 (Nov) 1937 
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backward from the scar was an area, measuring about 10 by 8 cm , over which 
there were dulness, absence of breath sounds and decrease in tactile fremitus The 
other findings in the physical examination were not significant 

The hemoglobin content was 73 per cent, the white blood cells numbered 11,900 
and the blood smear showed eosmcphiha (8 per cent) Roentgenograms (fig 1) 
disclosed a large, relatively smooth- walled, rounded mass occupying the lower outer 
quadrant of the right part of the thorax In the lateral view the mass was seen 
to be slightly posterior The right portion of the diaphragm appeared to be 
drawn upward toward the mass, suggesting the possibility of a communicating 
track between the liver and the pulmonary mass On roentgenoscopic examination 
there appeared to be a definite connection between the mass and the diaphragm 
(Dr F J Hodges) Examination of the cysts which had been expectorated revealed 
a laminated wall and many hooklets typical of Taenia echinococcus 



Fig 1 (case 1) — Frontal and lateral roentgenograms (Sept 16, 1931) showing 
area of density in the lower right portion of the chest Communication with the 
liver is suggested by the roentgenograms, but was not demonstrated at operation 

Opeiation — First Stage of Removal of Pulmonary Echinococcus Cyst (Sept 
17, 1931) An incision was made m the sixth intercostal space and through the 
parietal pleura anteriorly The lung was adherent to the thoracic wall only 
around the site of the previous incision for drainage and slightly superior and 
posterior to it In order to cause pleural adhesions to form before the cyst was 
removed, portions of the fifth and sixth libs and the intei vening intercostal muscle 
were resected The exposed parietal pleura was covered with gauze, and the 
wound was closed without drainage Pleural effusion developed, and thoracenteses 
were performed on the fourth, sixth, eighth and fourteenth postoperative days, 
with the removal of a total amount of 500 cc of serosanguineous fluid The 
second stage of the drainage operation was delayed because of the development 
oi thrombophlebitis of the left leg 
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Second Stage, Evacuation of Mother and Daughtei Cysts from Base cf Right 
Lung (October 14) The incision was reopened and the gauze pack removed For 
complete exposure cf the cyst a long segment of the seventh 11 b was lesected 
The moment the periosteum was stripped from the posterior suiface of this 
rib, the white wall of the cyst presented and ruptured The opening into the 
c\st was enlarged, and approximately fifteen cysts, seme filled with fluid and some 
collapsed, were evacuated The smallest was approximately 1 cm m diameter, 
and the largest, 9 cm in diameter, was believed to be the mother cyst (fig 2) 
The cavity from which these cysts were evacuated contained at least one open 
bronchus and many small chambers which presumably housed cysts One of these 



Fig 2 (case 1) — Mother and daughter cysts removed from pulmonary 
parenchyma 


chambers communicated with the mam chamber only by a nairow track, and on 
dilatation of its mouth a cyst was evacuated Inspection of the diaphragmatic 
aspect of the large defect within the lower lobe of the right lung showed no 
evidence of communication with the subphrenic space or the liver In order to 
obtain complete exposure of the space within the lung, the hitherto unopened 
portions of the cortex of the lung, which covered the space peripherally, were 
incised radially between mattress sutures The space within the lung was wiped 
with dilute solution of formaldehyde U S P (1 50), as was the extrapleuial 
wound which had been contaminated by the cyst wall Gauze packs, which had 
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been treated with petrolatum, were placed in the pulmonary defect, which after 
the evacuation of the cysts measured approximately 10 cm in diameter The 
anterior and posterior angles of the incision were loosely closed At the conclusion 
ot the operation it was believed that there was no portion of any cyst wall 
remaining 

Pathologic examination of the mother cyst showed the wall of an echinococcus 
cyst with purulent infiltration The numerous daughter c>sts were in various stages 
of formation A biopsy specimen of the incised pulmonary tissue lateral to the 
cyst revealed chronic purulent inflammation and fibroid pneumonia A biopsy 
specimen from the thoracic wall did not show animal membrane 

Cowse — The postoperative convalescence was uneventful In order to facilitate 
the closure of the large pulmonary defect, a temporary interruption of the right 
phrenic nerve was effected on October 23 The wound closed rapidly, and on 



Fig 3 (case 1) — A, roentgenogram taken seven years after operation, show- 
ing no evidence of recurrence of cysts Residual pleural and parenchymal fibrosis 
is evident B, photograph of patient, showing healed incision 

Octobei 28 the patient was discharged fiom the hospital, at which time a bronchial 
fistula was still present The fistula closed spontaneously after six weeks, and 
the wound was completely healed one month later During this period the patient 
had a small amount (4 cc ) of sputum, which had a “peculiar taste ” This 
symptom disappeared five months after operation The patient has been examined 
at intervals during the seven years that have elapsed since operation and has 
remained without symptoms The wound is solidly healed Roentgenoscopic 
examination shows limitation of function of the lateral portion of the right side 
of the diaphragm, presumably from adhesions, and roentgenograms show no 
evidence of recurrence The patient was last seen on Oct 24, 1938, at which 
time a roentgenogram (fig 3) showed no change when compared with films 
made m 1934 and 1936 
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Case 2 — Hydatid cyst of upper lobe of the left lung , spontaneous uiptutc 
into bi onchits, with secondaiy infection of cyst, suigical evploi ation in 1928, with 
negative icsults, lemoval of cyst m 1931, appaient cine 

Hist oi y — C F, a man aged 25, a Dane, was admitted to the University 
Hospital in September 1928 In 1921, at the age of 18, he had gone to Argentina, 
where he remained for twenty months During this time he worked on a large 
ranch wheie there were numerous sheep and dogs He then came to the United 
States and had resided here since, being employed as a machinist and chauffeur 
The present illness began in October 1927 with a sharp pleuritic pain in the 
left side of the chest, located anteriorly near the nipple and posteriorly at the 
same level The pain was worse on deep breathing, and there was a severe 
cough with the expectoration of a small amount of grayish, thick sputum The 
symptoms continued until April 1928, when he had a severe coughing spell, during 
which “it felt like there was something in the chest that wanted to come up ” 
He continued to cough, and suddenly there was a sensation of something being 
torn loose in the left side of the chest beneath the nipple, followed by a gush 
of a large amount of “pus,” which came from the mouth and nose “as if out of a 
faucet” The sputum was foul, yellowish, thin and watery The patient was 
admitted to a hospital, where, he said, his tempeiature was 105 F for several 
days His condition gradually improved during a month’s hospitalization, but 
the pain, cough and expectoration of foul sputum continued In July 1928 
hemoptyses began, and pneumothorax therapy was instituted The pneumothorax 
aggravated the hemoptyses and was piomptly discontinued Operation was advised 
Physical Examination — The patient was well nourished There were flatness 
on deep peicussion, diminution of the voice and breath sounds and decreased 
excursion of the upper left portion of the chest in an area between the third and 
the sixth rib anteriorly No rales were present, the heart was not displaced 
The temperature w as 99 to 100 F , the pulse rate 90 to 100, the i espiratory 
rate 20 and the white cell count 13,200 Roentgenologic examination revealed what 
appeared to be a laige collection of fluid in the upper left part of the chest A 
preoperative diagnosis of interlobar empyema with bronchial fistula was made 
Fust Operation (Sept 20, 1928) — With the use of local anesthesia, exploratory 
thoracotomy was peifoimed through an antenor axillary approach, with the 
removal of 10 cm of the fifth rib Air from the recent pneumothorax was 
present in the pleural cavity The upper lobe was adherent to the anterior 
thoracic wall The lower lobe was adherent interiorly and posteriorly, where it 
seemed infiltrated on palpation, and o\er this area of apparent infiltration aspiration 
was performed through the intact skin No pus was found The interlobar fissure 
was opened to the lulus of the lung without the finding of any fluid or abscess 
Although no induration of the uppei lobe was palpable through the thoracotomy 
incision, aspiration was likewise carried out through the intact skin m the region 
of the upper lobe where it was adherent to the thoracic wall, and no pus was found 
It was then concluded that a pulmonary abscess rather than interlobar empyema 
was present and that the abscess ivas so small that it could not be palpated 
The wound was closed, and the air from the pneumothorax was evacuated ' 

Coin sc — The postoperative course was uneventful, and roentgenologic examina- 
tion showed that the rounded mass seen previously had lost its definite contour 
The patient was dischaiged on October 2 He had gained in ■weight and felt con- 
siderably improved 

In the interval between 1928 and his readmission in 1931, the patient worked 
regularly, and during most of the time he felt fairly well He continued how- 
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ever, to expectorate a small amount of sputum, about 4 Gm daily, which had an 
offensive taste and was occasionally blood streaked In February 1929, a diagnostic 
bronchoscopic examination showed inflammation of the left bronchial tree During 
the several months preceding his readmission to the hospital on Oct 13, 1931, 
there had been an increase in the amount of sputum, which was foul and 
occasionally bloody, a loss of 10 pounds (4 5 Kg) in weight, fever (1015 F), 
general malaise and weakness Two weeks before his readmission he mentioned 
that he had expectorated a “piece of skm” which was “smooth on one side 
and pussy on the other,” and hydatid disease was then suspected for the first time 
Further questioning revealed that in January 1929 he had first coughed up “a 
piece of skin which was very thin, like the inside of an egg shell, and twice 
the size of one’s thumbnail ” At intervals of from one to three months he had 
coughed up these pieces of “skin,” which gradually became larger and thicker 
They were raised unexpectedly and were not preceded by a paroxysm of coughing 



Fig 4 (case 2) — Frontal and lateral roentgenograms (Oct 16, 1931) show- 
ing area of density in the upper lobe of the left lung and in the region of the 
superior portion of the interlobar fissure 

Examination — The results of physical examination were essentially negative 
except for an area of dulness between the third and the sixth rib in the left 
anterior axillary line On roentgenologic examination (fig 4) a diffuse, some- 
what homogeneous area of increased density, which was slightly nodular at its 
upper margin, was seen anteriorly, extending from the first rib to the third 
intercostal space The sputum did not contain tubeicle bacilli or hooklets The 
complement fixation test for Echinococcus gave negative results 

Second Operation — Removal of Echinococcus Cyst in Upper Lobe of Left Lung 
(Oct 19, 1931) The axillary portion cf the third rib was removed The pleurae 
were adherent, and exploratory puncture produced heavy, whitish yellow material 
at a depth of 1 cm in the lung The thickened pleura and lung were widely opened 
with the actual cautery, and immediately cyst membranes began to bulge The 
cyst wall was very friable, and all the small and large pieces were completely 
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shelled out There was no evidence of daughter cysts The wall of the remaining 
cavity, being formed by the pulmonary tissue, bled moderately, and m various por- 
tions of the medial poition of the wall there were bronchial openings of medium 
size The pulmonary cavity was wiped with dilute solution of formaldehyde 
U S P (1 50) and packed with gauze that had been treated with petrolatum 
The wound in the thoracic wall was irrigated with the solution of formaldehyde 
and packed wide open 

Pathologic examination of the cyst wall showed fine laminations, character- 
istic of echinococcus cysts (fig 5) The cyst wall was largely necrotic and m 
part showed leukocytic infiltiation No heads cr hooklets were seen 

Conise — The postoperative convalescence was uneventful On October 28, a 
tempoiary interruption of the left phrenic nerve was made to aid m closure of the 



Fig 5 (case 2) — Photomicrograph showing typical laminated wall of an 
echinococcus cyst (X33) 

pulmonary defect The patient was discharged from the hospital Noi ember 28, 
at which time theie remained a bronchial fistula, which closed spontaneously 
two weeks later Since closure of the fistula there has been no cough or sputum 
The patient returned to work on Jan 10, 1932 Periodic examination since opera- 
tion has not revealed any evidence of recurrence He continues to feel well, 
and theie is no cough or expectoration Roentgenologic examination on Nov 26, 
1937 (fig 6) showed scattered areas of pleural and pulmonary fibiosis, which 
were identical with similar areas seen in roentgenograms made in 1932 and 1933 

CASES REPORTED IN THE RECENT LITERATURE 

The following cases of hydatid cysts of the lung have been lepoited 
since the publication, m 1930, of Phillips’ collected series The dates 
in parentheses aie those on which the repoit was made 
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Johns's Case 4 (1930) — A Virginian who had been m the World War for 
two years returned with the complaint of considerable loss of weight A “tumor” 
of the right lung was seen in roentgenograms, and at operation a calcified cyst, 
about the size of an orange, was removed The diagnosis was uncertain About 
one year later an infection developed in the pleura, and the diagnosis was then 
confirmed by the finding of booklets After excision of the involved pleura the 
patient made a complete recovery 

It appears likely that the disease in Johns’s case developed while the patient 
was residing in this country, and prior to the two years spent m the World 
War This deduction is based on several premises One is the prevalence of 
echinococcus disease in domestic animals m Virginia In 1917, Johnston and 
Willis 10 reported the occurrence of several epidemics among hogs in Virginia 
from 1913 to 1914, and they mentioned infestation of 25 per cent of 60 hogs 
shipped from Charlotte County in November 1917 Also, the latent period before 



Fig 6 (case 2) — A, roentgenogram taken six years after operation, showing 
no evidence of recurrence of cysts B, photograph of patient The cyst was ren^ ed 
through the upper incision (healed) The lower mframammaiy incision was the 
site of the “negative” exploration in 1928 

the development of symptoms is notably long in many cases of echinococcus 
disease, and the finding of a calcified cyst in this case suggests that the latent 
period was longer than the two years of the patient’s service in the World War 

Lilienthal’s Case 11 (1930) — In the discussion of Phillips’ paper, Lilienthal 
merely stated that he had had 1 case of hydatid cysts of the lung, in which the 
patient was born in Greece and left there when he was very young Lilienthal 
mentioned another case, one of a possible retrosternal hydatid cyst, which is not 
included with the collected cases presented in this article because the diagnosis 
was uncertain and the location was neither in the lungs nor in the pleura 

10 Johnston, G B , and Willis, M Hydatid Cyst of the Liver with Report of 
Two Cases, Surg, Gynec & Obst 25 101-103 (July) 1917 

11 Lilienthal, H, m discussion on Phillips 1 
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Zohlen’ s Case 12 (1930) — The case was one cf echinococcus cysts of the 
abdomen and lung in a 46 year old Greek who had come to this country at the 
age of 25 At the age of 41 he had had an operation for tumors of the abdomen 
in which, he stated, “the doctoi drew water off the tumors ” At operation, 
Zohlen found three cystic tumois m the abdomen Numerous daughter cysts were 
lemoved from the cysts Pathologic examination revealed that the wall of the 
cyst was typically laminated, but no booklets weie seen No attempt was made 
to aspirate or to lemove the cyst from the right side of the chest, and accordingly 
the diagnosis of the thoracic lesion was not verified 

Roentgenograms of the chest which are reproduced in Zohlen’s article show 
changes consistent with hydatid disease, and in view of the abdominal cysts, it 
must be assumed that such a diagnosis is the most likely 

Heuer and Andrus’ Case 13 (1930) — These authors observed 2 instances of 
hydatid cyst of the liver and “one of pleural or rathei parapleural cyst” No details 
of this case were given 

Graham, Singer and Bax-lon’s Case 14 (1935) — A man aged 39, who had been 
a butcher for four jears previous to the onset of his illness, and who during 
the four years immediately preceding this period had been in contact with dead 
dogs, sheep and other animals in England, complained of cough, dyspnea and 
expectoration of “pinkish” material of twelve years’ duration A portion of the 
left ninth rib was resected in 1923, and a typical echinococcus cyst of the 
pleura, which communicated with similar processes in the lung, was then dis- 
covered There were many daughter cysts and hoolclets in the pleura The 
patient was treated for an echinococcus cyst of the liver one year later The 
authors stated that the lesion in the liver was undoubtedly the primary one 
Reexamination in 1927 showed that the patient was in good health (This case 
■was included in a report by Andius 16 in 1935 ) 

NEUHor’s Case 10 (1937) — A child aged 13 years had a pulmonary hydatid 
cyst of six months’ duration At the onset the diagnosis of bronchopneumonia was 
made, and pus was obtained on two diagnostic aspirations of material from the 
chest Fever, cough and expectoration of purulent material continued The roent- 
genogram made on admission for treatment showed a homogeneous shadow with 
a fluid level At operation, shortly after admission, an elastic mass in the sub- 
stance of the lower lobe of the right lung was exposed It was packed off, and at 
the second stage, one week later, it was entered There was a fibrous shell 
of tissue overlying a cyst within the substance of the lung The cyst contained 
purulent fluid, which was evacuated The collapsed cyst wall could then be 
removed without difficulty After its removal there were noted a number of 
large and small bronchial fistulas The pathologic report on examination of the 

12 Zohlen, J P Echinococcus Cysts of Abdomen and Lung Case Report, 
Wisconsin M J 29 515-517 (Sept) 1930 

13 Heuer, G J , and Andrus, W DeW , in Lewis, D Practice of Surgery, 
Hagerstown, Md, W F Prior Company, Inc, 1930, vol 5, chap 5, p 161 

14 Graham, E A , Singer, J J , and Ballon, H C Surgical Diseases of the 
Chest, Philadelphia, Lea & Febiger, 1935, pp 752-753 

15 Andrus, W DeW Report of the Chest Tumor Registry, J Thoracic 
Surg 4 236-250 (Feb) 1935 

16 Neuhof, H The Free Transplantation of Fat for the Closuie of Broncho- 
pulmonary Cavities (Lattice Lung), J Thoracic Surg 7 23-24 (Oct ) 1937 
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cvst wall was that of infected echinococcus cyst The v all of the pulmonary 
cavity soon became clean and rigid, and the bronchial fistulas persisted One 
month after the primal y operation, the bronchopulmonary cavity was closed with 
a free transplant of fat The patient was reported to be free from symptoms 

Leslie’s Case 5 (1938) — A 7 year old boy, American born of Italian descent, 
had echinococcus cysts in both lungs Two years pievious to the onset of symp- 
toms he had spent some time on a faim in Italy and while there had had a pet 
dog The symptoms were recurrent attacks of fever, with a temperature as high 
as 105 F, for three weeks, slight, nonproductive cough, mild night sweats, and 
some loss of weight, there was no hemoptysis At the onset of symptoms he 
was confined to bed because of weakness, but he had been up and about for 
one week before his admission to the hospital Five months before this he had 
been ill with pneumonia for two months A roentgenogram showed a large, 
circumscribed area of density, apparently due to encapsulated fluid, m the lower 
lobe of the left lung In the lower lobe of the right lung an aiea of density about 
2 5 cm in diametei was seen Thoracentesis was carried out on the left side, 
because of the impression that the patient had encapsulated empj'ema Clear, 
watery fluid under slight pressuie was obtained It did not contain cells, globulin 
or hooklets After the thoracentesis there developed a violent pleural reaction, 
with toxicitj, a temperature of 103 F, pain and friction rub A roentgenogram 
at this time showed a large, tlnck-w'alled cyst m the left lung, with hydropneu- 
mothorax on the left side The cyst contained only a small amount of fluid 
Apparently the contents had escaped into the pleural cavity The complement 
fixation test for Echinococcus gave a strongly positive reaction Thoracotomy, 
with resection ct the eighth rib, was pei formed Removal of the cyst and 
marsupialization of the cavity were found to be impracticable, and simple drainage 
by tube w'as established The tube w r as removed on the ninth day The prognosis 
was considered poor because the cyst had not been removed, because the hydatid 
fluid (piesumably infective) had been disseminated throughout the pleural space 
and because the lesion in the right lung was presumably another cyst A roentgeno- 
gram made five weeks after operation showed reexpansion of the left lung with 
definite reduction in the size of the cyst The cyst in the right lung appeared 
slightly larger than before The patient was readmitted to the hospital about 
two months later because of adbominal pam and vomiting, and operation revealed 
a perforated gangrenous appendix with generalized peritonitis The postoperative 
course w r as stormy, and the patient died fourteen days after operation Per- 
mission for necropsy w'as refused At no time during his illness previous to the 
appendicitis was there evidence of a lesion in any organ other than the lungs 

Craver and Brinkley’s Case 17 (1939) — In an article on aspiration for the 
diagnosis of suspected bronchogenic carcinoma, the author stated that the diag- 
nosis of echinococcus cyst w'as made in 1 case 


COMMENT 

The nativity of patients in 9 of the 46 leported cases of echinococcus 
cysts of the lung and pleura is not known In 32 of the reported cases 
the patients had enngiated to North America In 5 instances the disease 
occurred in persons boin m the United States The patient m Garretts 

17 Craver, L F , and Brinkley, J S Aspiration Biopsj of Tumors of the 
Lung, J Thoracic Surg 8 436-461 (April) 1939 
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case, 2 a Negro woman aged 46, a natne of Maiyland and an inmate 
of the state asylum for about seventeen years, had appaiently nevei 
traveled outside this country, the diagnosis was definitely established 
in this case by the demonstration of hooklets In Phillips’ case 1 the 
patient had never been outside the state of New York Although the 


Nativity of Patients m Cases of Hydatid Cysts Repoi ted in Not th Amei tea 


Author 

Date Reported 

Nativity of Patient 

Gay 

1858 

Not mentioned 

Stille 

1858 

Not mentioned 

Smith, F G 

1858 

Not mentioned 

Minot 

1859 

Not mentioned 

Loomis 

1879 

Ireland 

Ainsworth 

1880 

Poland 

Fenger and Hollister 

1881 

Italy 

Smith, D F 

1882 

Not mentioned 

Bernay 

1882 

England 

Black 

1882 

England 

Ferguson 

1893 

Not mentioned 

Keyes and Busch 

1896 

Germany 

Beck 

1898 

Austria 

Chown 

1901 

Iceland 

Gay 

1901 

Italy 

Stone 

1903 

Armenia 

Gurlee 

1905 

Italy 

Senn 

1905 

Greece 

Garrett 

1906 

United States 

Smith and Harrington 

1907 

Russia 

MacDonald 

1913 

New Zealand 

Ramey and Emerson 

1915 

Greece 

Davis and Balboni 

1917 

Italy 

Clarkson (case 1) 

1917 

Macedonia 

Clarkson (case 2) 

1917 

Italy 

Crow 

1918 

Spain 

Magath 

1921 

United States 

Balboni (case 1) 

1922 

Greece 

Balboni (case 2) 

1922 

Greece 

Mills 

1922 

France 

Glassman 

1922 

Siberia 

Curran and Locke 

1924 

Syria 

Campbell 

1925* 

Russia 

Ortenberg t 

1929 

Russia 

Phillips (case 1) 

1930 

United States 

Phillips (case 2) 

1930 

Italy 

Johns 

1930 

United States 

Lilienthal 

1930 

Greece 

Zohlen 

1930 

Greece 

Heuer and Andrus 

1930 

Not mentioned 

Graham, Ballon and Singer 

1935 

England 

Neuhof 

1937 

Not mentioned 

Leslie 

1938 

United States 

Craver and Brinkley 

1939 

Not mentioned 

Haight and Alexander 

1939 

Greece 

Haight and Alexander 

1939 

Denmark 


* References to the cases reported up to this date and the nativity of the patients are given 
in the article by Phillips 1 

t The reference to Ortenberg’s case is given by Phillips 1 The nativity of the patient m 
this case is mentioned by Young (Canad M A J 13 48, 1923) 


remaining 3 native-born patients had traveled outside the United States, 
it is probable that 1 of these patients (Johns’s case) had contracted the 
disease m this country The patient i eported on by Magath 3 was born in 
the United States and had lived in Nebraska, but had traveled m the 
Philippine Islands m 1908 In this case, as well as in Leslie’s case, it 
cannot be stated whether or not the disease originated while the patient 
was m this country, it is possible that infestation may have occuired 
during lesidence elsewhere 
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During the past twelve yeais, 6 patients with venfied echinococcus 
disease of the abdominal cavity have been treated in the University 
Hospital The countiy of birth of these patients is as follows Greece, 
2, China, Austna, Bulgana and Russia, 1 each All of the patients had 
hepatic cysts One also had cysts in the gastrocolic omentum and the 
pelvis, and another, cysts of the abdominal cavity, pelvis and abdominal 
wall The involvement of the abdominal wall had undoubtedly resulted 
from an operation fifteen years previously Another patient, an Italian, 
who refused operation and the diagnosis of whose condition was not 
verified, presented a calcified cyst of the liver, the complement fixation 
test for echinococcus disease gave a doubtful positne reaction, but the 
antigen used was at least one year old 

It is of interest that the reports of cases of echinococcus disease in 
native-born North Americans continue to be rare, especially in view 
of the presence of hydatid disease in domestic animals In 1930, Phillips 
quoted a personal communication from Maurice C Hall, chief of the 
Zoological Division, Bureau of Animal Industry, United States Depart- 
ment of Agriculture, Washington, D C Hall reported that figures 
regarding the incidence of hydatid disease m domesticated animals in 
this country are not available, and added 

In general, it may be said that hydatids are not generally distributed throughout 
the United States and that they have a patchy distribution, not well known They 
are said to be prevalent in parts of New Mexico, Oklahoma and Arkansas, we 
can always obtain them on rather short notice from our inspection service at 
Richmond, Virginia , they are found from time to time at various abattoirs In 1927, 
Morris reported that hydatids occurred in 5 per cent of swme at Baton Rogue, 
and that the former incidence was 20 pei cent Dr Jalen, our inspector at 
Cincinnati, Ohio, reported m 1927 that less than 1 per cent of swine at that 
station were affected 

In more recent personal communications (Aug 13 and 19, 1936) from 
Benjamin Schwartz, chief of the Zoological Division, Bureau of Animal 
Industry, a similar situation was reported Schwartz stated 

During the fiscal year ended June 30, 1936, 1,513 cattle livers and 21 calf livers 
were condemned on account of infestation with Echinococcus Echinococcus 
infestation is not rare in swme in certain sections of the United States, particularly 
in the South We have no difficulty in securing such material from abattoirs in 
Richmond, Va We have been informed recently that Echinococcus m the liver 
of swme is fairly common m abattous in Nashville, Tenn 

A personal communication (Oct 3, 1933) from C H Clark, state 
veterinarian, Department of Agriculture, Lansing, Mich , stated 

To my knowledge, no special investigations have been made in this state 
regarding the incidence of echinococcus disease in sheep, dogs or other domestic 
animals I have never had the opportunity of seeing it in Michigan 
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SUMMARY 

Two cases of echinococcus disease of the lungs aie presented, and 
the nativity of the patients m the 46 cases of hydatid disease of the 
lungs and pleura reported m the North American literature is reviewed 
The disease has occurred m only 5 persons known to have been born 
m North America Certain epidemiologic aspects of the prevalence of 
hydatid disease m domestic animals in this country are mentioned 



THE COLLOIDAL GOLD REACTION OF BLOOD 
SERUM IN DISEASES OF THE LIVER 

SEYMOUR J GRAY, MD 

CHICAGO 

The purpose of this paper is to lepoit studies of the colloidal gold 
reaction of blood seium in diseases of the livei Zsigmondy, 1 m 1901, 
laid the foundation for the diagnostic use of the colloidal gold leaction 
by observing that “certain colloids, especially proteins,” prevented the 
precipitation of colloidal gold suspensions by electi olytes, each protein 
exerting a specific degree of piotection against precipitation On the 
other hand, Lange, 2 in 1912, found that piotems within certain dilutions 
did not pi event but actually caused the precipitation 

The mechanism of the colloidal gold reaction has been the subject 
of much investigation Numerous woikeis, including Felton, 3 Weston, 4 
Cruickshank 5 and others,* 5 have shown that the globulin content is the 
determining factor in the precipitation of colloidal gold and that albumin 
protects the colloidal suspension from pi ecipitation The varying col- 
loidal gold curves obtained with spinal fluids m diffeient pathologic con- 
ditions result from variations in the balance between the precipitating 
activity of the globulin and the protective action of the albumin Theie 
is evidence, moreover, that the individual globulin fractions, particularly 

From the Department of Medicine of the School of Medicine of the Division 
of Biological Sciences, the University of Chicago 

1 Zsigmondy, R Die hochrothe Goldlosung als Reagens auf Colloide, Ztschr 

f. anal Chem 40 697, 1901 r 

2 Lange, C Die Ausfiockung von Goldsol durch Liquor cerebrospinalis, 
Berl klin Wchnschr 49 897, 1912, Die Ausfiockung kolloidalen Goldes durch 
Cerebrospinalflussigkeit bei luetischen Affektionen des Zentralnervensystem, 
Ztschr f Chemotherap 1 44, 1912 

3 Felton, L D Cerebrospinal Fluid and the Colloidal Gold Reaction, New 
York State J Med 105 1170, 1917, A Study of the Specificity of the Colloidal 
Gold Reaction from the Physicochemical Standpoint, Tr Sect Path & Physiol , 
A M A , 1917, p 73 

4 Weston, P G The Colloidal Gold Reaction, Am J Syph 3 266, 1919, 
The Nature of the Substance Causing the Colloidal Gold Reaction, Am J Insan 
76 393, 1920 

5 Cruickshank, J The Value and Mechanism of the Colloidal Gold Test, 
Brit J Exper Path 1 71, 1920 

6 (a) Vogel, K M The Nature and Interpretation of the Colloidal Gold 

Reaction, Arch Int Med 22 496 (Oct ) 1918 (b) Mayr, J IC Zur Theone 

und Praxis der Kolloidreaktionen mit besondern Berucksichtigung der Gold- 
solreaktion, Arch f Dermat u Syph 144 200, 1923 
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the euglobuhns, play an mipoitanl role in the piecipitation of colloidal 
gold Kafka and Samson 7 and Haug 8 concluded that the reaction 
depends pnmai ily not on the quantitative increase in globulin but on 
the qualitative alteiation in the globulin fi actions Reznikoft 9 leproduced 
different colloidal gold cuives by vaiying the lelative concenti ations of 
the euglobuhn, pseudoglobuhn and albumin Fischer 10 expiessed the 
belief that the euglobuhn and pseudoglobuhn f l actions have the sti ongest 
precipitating action on colloidal gold solutions Mellanby and Anwyl- 
Davies , 11 Reznikoff 9 and Spiegel-Adolph 12 observed that the euglobuhn 
fi action exerts a consideiable influence on piecipitation 

The present studies of the colloidal gold leaction of blood seium 
in hepatic disease weie instigated by obseivations that altei ations m the 
plasma piotems , 13 particulaily in the euglobuhn fi action , 11 aie fiequently 

7 Kafka, V, and Samson, K Die Eiweissrelation des Liquor cerebro- 
spinahs Eiweissrelation und Kolloidreaktionen, Ztschr f d ges Neurol 117 
128, 1928 

8 Haug, K Untersuchung zur Frage der Beziehungen zwischen Gold- 
solreaktion, Zellgehalt, und Eiweissrelation nach Kafka lm Liquor ceiebiospinalis, 
Ztschr f d ges Neurol u Psyclnat 149 103, 1933 

9 Reznikoff, P The Action of Proteins and Blood Serum on Colloidal 
Gold Solutions and Its Quantitative Interpretation, T Lab & Clin Med 8 92, 
1922 

10 Fischer, H Ueber den Mechanismus der Goldsolreaktion ltn Liquor 
cerebrospinahs, Ztschr f d ges exper Med 14 60, 1921 

11 Mellanby, J , and Anwyl-Davies, T The Precipitation of Colloidal 
Gold by Cerebrospinal Fluid The Diagnosis of Neurosyphilis, Brit J Exper 
Path 4 132, 1923 

12 Spiegel-Adolph, M Physikalisch-chemische Unteisuchungen bestiahltei 
Proteine Die Veranderungen des Seralbumms bei Ultraviolettbestrahlung und 
lhre Beziehungen zur Hitzegennnung, Biochem Ztschr 186 181, 1927 

13 (on) Grenet, H Diminution des albummes du serum sangum chez les 

hepatiques, Compt rend Soc de biol 63 552, 1907 ( b ) Gilbert, A, and Chiray, 
M Diminution des substances albunnneuses du serum sangum chez les cirrhoti- 
ques ascitiques, ibid 63 487, 1907 (c) Felinski, W L’augmentation de taux de 

la globuline dans le serum du sang, Presse med 20 236, 1922 (d) Abrann, P , 

and Wallich, R Modifications du serum sangum au couis des cm hoses du 
foie avec ascites Inversion du rapport serums-globulines, Compt rend Soc 
de biol 101 291, 1929 ( e ) Snell, A M Changes in Proteins of Blood in 

Hepatic Disease, Proc Staff Meet, Mayo Clin 10 489, 1935 (/) Myers, W K, 

and Keefer, C S Relation of Plasma Proteins to Ascites and Edema in Cirrhosis 
of the Liver, Arch Int Med 55 349 (March) 1935 ( g ) Foley, E F , Keeton, 
R W , Kendrick, A B , and Darling, D Alterations m Serum Proteins as an 
Index of Hepatic Failure, ibid 60 64 (July) 1937 (/i) Tumen, H, and Bockus, 

H L The Clinical Significance of Serum Proteins in Hepatic Disease, Am J 
M Sc 193 788, 1937 

14 (or) Gios, W Zur Frage gesetzmassiger Verandei ungen des Blut- 
eiweissbildes beim multiplen Myelom, Deutsches Arch f klm Med 177 461, 1935 


(Footnote continued on licit page) 
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associated with diseases of the liver, and by the fact that the euglobuhn 
fraction has been shown to play an important role in colloidal gold pre- 
cipitation 15 

The colloidal gold reaction of the blood serum was studied m 96 
cases of diseases of the livei 46 cases of cnrhosis, 14 of acute paren- 
chymatous disease, 25 of neoplastic involvement and 11 of miscellaneous 
diseases The diagnoses were confirmed by autopsy, biopsy or lapa- 
rotomy in 11 cases m the first gioup, 2 m the second, 13 in the third 
and 8 in the fourth A control series and a series of 20 cases of syphilis 
without clinical evidence of liver disease were studied also The control 
series included 95 patients Twenty of these were normal adults, and 75 
had various extrahepatic diseases Noimal livers were found at autopsy, 
biopsy or laparotomy in 22 patients 

In addition to the colloidal gold tests, the chemical studies of the 
blood included deteimmations of the plasma albumin, globulin, cho- 
lesterol, cholesterol esters and fibrinogen The Takata-Ara, brom- 
sulphalem retention, and galactose toleiance tests and other tests of 
hepatic function were also carried out in many cases 

METHODS 

The colloidal gold solution is prepared and acidified m accordance with Klaas’s 
modification of Patterson’s 10 method, as used routinely in the sei ology laboratroy of 
the University of Chicago Clinics The amount of fiftieth-normal hydrochloric acid 
to be added to the colloidal gold solution is determined with alizarin red as 
indicator and is checked further by control tests with serums from normal persons 
and with “known positive” serums from patients known to have hepatic disease 
The sensitivity of the reaction may be increased or decreased by increasing or 
decreasing the acidity of the solution Standardization need be done only once 
for each supply of colloidal gold prepared, since several liters may be kept for 
as long as two months without changing the acid requirement Immediately 
before each test is performed acid is added drop by drop, the solution being con- 
stantly agitated Usually from 1 1 to 1 7 cc of fiftieth-normal hydrochloric acid 
is needed for every 50 cc of colloidal gold used The pn is usually about 7, 
varying with the individual colloidal gold preparation 

Immaculately clean pyrex glassware should be used throughout the procedure 

( b ) Kendall, F E Studies on Serum Proteins I Identification of a Single 
Serum Globulin by Immunological Means , Its Distribution in the Sera of Normal 
Individuals and of Patients with Cirrhosis of the Liver and with Chronic Glomeru- 
lonephritis, J Clin Investigation 16 921, 1937 ( c ) de Vries, A On the Con- 

nection Between the Takata-Jezler Reaction and Its Variant, the Mancke-Sommer 
Reaction, and the Globulin Fractions of the Blood, Acta med Scandmav 98 95, 
1938 

15 Reznikoff 9 Fischer 10 Mellanby and Anwyl-Davies 11 Spiegel -Adolph 12 

16 Patterson, J Preparation of Colloidal Gold, Brit J Exper Path 12 
143, 1931 
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Five cubic centimeters of venous blood is obtained from the patient before 

breakfast and centrifuged , 0 1 cc of clear serum is removed and diluted 1 350 

with physiologic solution of sodium chloride In the first of a series of ten tubes is 
placed 1 8 cc of a 0 3 per cent solution of sodium chloride In each of the 
following nine tubes is placed 1 cc of a 0 3 per cent solution of sodium chloride 

Then 02 cc of the diluted serum is added to the first tube of the series The 

contents are mixed, and 1 cc is then transferred to the second tube and mixed This 
procedure is followed throughout the series of ten tubes, and 1 cc of the mixture 
in the last tube is discarded Five cubic centimeters of acidified colloidal gold 
solution is added to each tube, and the readings are made after twelve to twenty- 
four hours 

In reading the test the same numbers are used as in reading the regular 
Lange reaction 0, red, 1, red-blue, 2, orchid, 3 blue, 4, light blue, 5, colorless 
The greater the precipitation of the colloidal gold, the higher the numbers, 
5 represents complete precipitation The normal range m our experiments varied 
from 0000000000 to 3332210000 The number 3 appears only occasionally on the 
left side of the curve The positive reaction is similar to the dementia paralytica 
type of curve obtained with spinal fluid — for example, 5532100000 or 5432100000 

RESULTS 

Cirrhosis of the Liver — The colloidal gold reaction of the sei um was 
positive in all 46 cases of cirrhosis of the liver The type and severity 
of the disease varied The diagnosis was confirmed by autopsy oi biopsy 
in 11 cases (table 1) 

The plasma piotems were studied in 39 of the 46 cases in this gioup 
The globulin was increased to an average of 3 19 Gm per hundred cubic 
centimeters (normal range 15 to 2 8 Gm ) Increased values were 
noted m 23 cases, more frequently in advanced hepatic disease than m 
early cirrhosis A deciease in albumin was observed m 26 cases, with 
an average value of 3 50 Gm for the group (normal range 4 to 6 Gm ) 
Low plasma albumin values were associated more closely with the severity 
and duration of the hepatic disease than with the presence of ascites 
Increases m globulin compensated for the decrease m albumin m all but 
9 cases, so that the average value of the total plasma proteins was within 
normal limits (6 to 8 Gm ) Abnormally low or inverted albumm- 
globulm ratios were found in 28 cases, this fact is m accord with the 
numerous observations 13 on the frequency of variation of the plasma 
protein content in hepatic diseases Although positive colloidal gold 
reactions were associated m a considerable number of cases with abnormal 
plasma piotem values, they were also obtained foi 16 plasmas with 
normal globulin concenti ations, and foi 11 with normal albumin-globulin 
ratios 

The total plasma cholesterol, determined m 39 cases, was normal 
(140 to 200 mg per hundred cubic centimeters) m 20, increased in 7 
and decreased in 12 cases m which severe hepatic damage was pre- 
dominant The plasma cholesteiol esters, detei mined in 36 cases, were 
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ARCHIVES OF INTERNAL MEDICINE 


normal (40 to 70 per cent of the total plasma cholesterol) in 14 cases and 
decreased in 22 cases of extensive involvement of the liver, in 2 of the 
latter the amount of esters was too low to determine Better results 
were obtained with the Takata-Ara test m this group of cases than m 
any othei group in our study, for 28 of the 35 tests performed were 
positive 

Acute Pai enchymatous Hepatic Disease — Positive colloidal gold 
reactions were obtained m 13 of 14 cases of acute pai enchymatous disease 
of the liver (table 2) The single negative reaction observed was in 
the case of a 30 yeai old man with the clinical diagnosis of catairhal 
jaundice, whose symptoms were subsiding when the test was made 
(table 2, case 5) The plasma proteins were detei mined m 10 of the 
14 cases in this group The globulin was increased to an average of 
3 16 Gm per hundied cubic centimeteis It is intei estmg that there were 
6 cases with increased globulin, and that the aveiage globulin values in 
acute parenchymatous disease of the liver and those in hepatic cirrhosis 
approximated each othei closely However, in contrast to the low 
albumin values found in hepatic cmhosis, the albumin values in the 
parenchymatous diseases maintained a noimal average of 4 38 Gm and 
were abnoimally low m only 2 instances Total plasma proteins were 
normal in every case, with an average of 7 54 Gm , and were consistently 
higher than in the cases of cirrhosis of the liver Positive colloidal gold 
reactions were again obtained in the presence of both abnormal and 
normal albumin globulin ratios — 4 cases of the foimer and 6 of the latter 

The changes in the plasma cholesteiol and cholesterol esters m this 
group weie somewhat similar to those found in the cases of hepatic cir- 
rhosis The total plasma cholesterol was detei mined in 13 of the 14 
cases and was found normal m 6, increased in 5 and decreased in 2 The 
plasma cholesterol esters, determined in 12 cases, were normal in 3 and 
decreased m 9, in 2 of these the quantity was too small to determine 
The Takata-Ara reaction was considerably less sensitive than m the first 
gioup of cases, with only 3 positive tests among the 8 carried out 

Neoplastic Involvement of the Liver — There were 25 cases of neo- 
plastic disease of the liver, in which the diagnosis was confirmed in 13 
instances by autopsy, biopsy or laparotomy Positive colloidal gold 
reactions weie obtained m 19 (table 3) In 4 of the 6 cases m which 
the reaction was negative there was minimal hepatic involvement, a few 
small carcinomatous nodules being found at autopsy The plasma 
globulin, which aveiaged 3 10 Gm per hundred cubic centimeters, was 
increased m 9 cases, whereas the plasma albumin averaged 3 73 Gm 
and was decreased in 10 of the 17 cases studied Since the increase m 
globulin compensated for the decrease in albumin, the total plasma 



Table 2 — Data on the Blood m Acute Parenchymatous Disease of the Liver 
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piotems averaged 6 83 Grn per hundied cubic centimeters, and weie 
noimal in 14 of the 17 cases studied The degiee of abnormality m 
the value for plasma piotem was dnectly l elated to the extent and 
duration of the neoplastic involvement (table 3, cases 7, 14 23, 24) 
As m the other gioups of cases, positive colloidal gold leactions did 
not occur only with abnoimal plasma piotem values, but weie found 
in conjunction with normal globulin values m 5 instances and with 
noimal albumin-globulin ratios m 4 instances 

The total cholesteiol and the cholesterol esters of the plasma weie 
determined m 16 of the 25 cases The formei was noimal m 7 cases, high 
m 4 and low in 5 whereas the latter were normal m 5 cases and low m 
11 cases of advanced parenchymal damage The Takata-Ara test was 
less sensitive heie than m the previous gioup of cases, yielding only 2 
positive leactions in the 12 tests perfoimed 

Miscellaneous Hepatic Diseases — The colloidal gold reaction was 
positive m each of the 11 cases of miscellaneous hepatic diseases, m 
which the diagnosis was confirmed by autopsy oi lapaiotomy in 8 cases 
(table 4) The plasma proteins were studied m 9 of the 11 cases The 
globulin, averaging 2 99 Gm per hundred cubic centimeters, was 
increased in 5 cases Although the globulin values were less alteied 
m this gioup than m the cases of othei types of hepatic disease studied, 
the plasma albumin, averaging 3 27 Gm , was sufficiently low to pioduce 
abnormal albumin-globulin latios in 8 of the 9 cases studied The total 
plasma piotems, however, aveiaged 6 26 Gm and were within the lower 
limits of noimal in 6 of the 9 cases studied Heie again the colloidal 
gold reaction was positive in the 4 cases with noimal plasma globulin 
values and m the 1 case with a noimal albumm-globulin latio 

The plasma cholesteiol, detei mined in 9 cases, was noimal m 5, high 
in 2 and low in 2, wheieas the cholesteiol esters, studied m 7 cases, weie 
noimal m 2 and low m 5 In 2 of these cases the values foi the 
cholesteiol esteis weie too low to detei mine The Takata-Aia reaction 
was positive m 1 of the 3 tests peifonned 

The Colloidal Gold Reaction of Seium fiom Noimal Peisons and 
f ioin Patients with Vanous Extrahepatic Diseases — The colloidal gold 
reaction was studied m a conti ol series of 95 nonsyphihtic peisons 
with no demonstrable disease of the livei This series included 20 
normal adults and 75 patients with extrahepatic diseases, including lobar 
pneumonia, acute infectious diseases, acute and chronic nephritis, extia- 
hepatic jaundice, blood dyscrasias and neoplasms The presence of a 
noimal livei was confirmed m 22 of the 75 cases at autopsy, biopsy or 
lapaiotomy The colloidal gold reaction was negative m the seiums 
fiom the 20 noimal adults and in those of 73 of the 75 patients with 
various extiahepatic diseases The 2 positrve leactions were observed 



Table 4 — Data on the Blood m Miscellaneous Diseases of the Livci 
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W W 5422210000 370 / Neg Gnl tol — 2 Gm T ipold histiocytosis (large hard 

liver) 



Table 5 — Data on Blood m Vat ions Exit ahepattc Diseases 





Plasma 

Plasma 





Serum 

Albumin/ 

Cholesterol/ 





Colloidal 

Globulin 

Cholesterol 



Case 


Gold 

Gm per 

Esters, Mg 

Icteric 


No 

Patient 

Reaction 

100 Cc 

per 100 Ce 

Index 

Diagnosis 

1 

J 0 

0001200000 


212/46 

28 

Common duct stone liver nor 







mal (laparotomy) 

2 

G W 

0123100000 

3 37/3 14 

313/163 

125 

Common duct stone, liver nor 






mal at operation 

3 

E B 

0210000000 

4 36/2 82 

20S/49 

75 

Common duct stone liver nor 






mal at operation 

4 

L M 

0110000000 

5 03/2 89 

170/71 


Cholelithiasis liver normal at 







operation 

5 

C A 

0121000000 

4 75/2 26 


115 

Common duct stone, Iher nor 





mal at operation 

6 

E S 

0001000000 

3 96/2 53 

202/87 

30 

Common duct stone liver nor 




mal at operation 

7 

T H 

0013210000 

4 11/2 86 

193/60 

41 

Cholelithiasis liver normal at 







operation 

8 

N P 

0211000000 

1 90/2 62 



Nephrotic nephritis 

9 

A B 

2221000000 

1 19/2 73 

444/250 


Nephrotic nephritis 

10 

A M 

01111000C0 

4 54/1 72 

155/60 


Acute nephritis 

11 

D H 

1211000000 

1 63/3 31 



Chronic glomerulonephritis 

12 

A L 

oooooooooo 

2 90/3 87 



Chronic glomerulonephiitis, 







liver normal at autopsy 

13 

S K 

1121000000 

4 01/3 33 

175/86 


Chronic glomerulonephritis 

14 

A S 

2221000000 




Chronic glomerulonephritis 

15 

P G 

0111100000 

4 75/3 14 

174/90 


Chronic glomerulonephritis 







liver normal at autopsv 

16 

E E 

2321000000 

3 20/1 89 



Chronic glomerulonephritis 







liver normal at autopsy 

17 

N G 

1111000000 

1 32/2 59 

265/118 


Chronic glomerulonephritis 







liver normal at autopsy 

18 

A M 

0110000000 

3 80/2 72 

176/29 


Hodgkin’s disease liver normal 







at autopsv 

19 

B G 

0111100000 

4 29/1 93 

135/54 


Hodgkin's disease 

20 

E R 

0110000000 

4 22/1 81 



Lymphosarcoma (liver normal 







at autopsy) 

21 

G S 

0110000000 




Carcinoma of stomach pneu- 







monia liver normal at autopsv 

22 

J T 

2200000000 

3 82/2 52 

192/81 


Carcinoma of stomach liver 







normal at autopsy 

23 

A L 

0022100000 

3 54/3 12 

171/51 


Kidney tumor liver normal at 







autopsy 

24 

B C 

112C210000 

3 9S/3 58 



Carcinoma of lung 

25 

W D 

0122100000 

4 84/2 89 

177/51 

55 

Carcinoma of biliary tract liver 







normal at operation 

26 

A B 

5554310000 

3 41/3 53 

129/64 


Subacute bacterial endocarditis 

27 

C J 

2221000000 

4 4S/3 05 



Subacute bacterial endocarditis 

28 

A S 

0001200000 

3 86/3 06 

184/83 


Coronary occlusion 

29 

A H 

5553210000 

2 89/3 34 

182/102 


Passive congestion of liver from 







cardiac failure (autopsy) 

30 

B T 

0120000000 

4 56/2 46 

178/29 


Rheumatic heart disease 

31 

S S 

0111100000 

2 96/3 46 

160/30 


Erysipelas 

32 

0 E 

0121100000 

4 02/3 61 

134/53 


Acute sinusitis 

33 

S L 

1232100000 




Mastoiditis temperature 104 F 







liver normal at autopsy 

34 

A E 

0110000000 




Pulmonary tuberculosis liver 







normal at autopsv 

35 

S W 

0121100000 

5 43/1 28 

159/67 


Pulmonary tuberculosis liver 







normal at autopsy 

36 

A L 

0110000000 

4 66/2 34 



Pernicious anemia 

37 

B G 

0221000000 

4 87/2 28 

141/55 


Pernicious anemia 

38 

S R 

0210000000 

5 45/2 04 



Duodenal ulcer 

39 

P N 

1123200000 

2 98/4 02 

206/103 


Duodenal ulcer 

40 

R O 

0110000000 

4 50/2 06 

190/88 


Spastic colitis 

41 

S H 

1221100000 

4 29/2 17 

174/69 


Bacillary dysentery 

42 

S H 

0111000000 

3 54/2 17 

128/49 


Hyperthyroidism 

43 

L G 

1100000000 

5 16/1 88 

143/62 


Splenomegaly, liver normal 







(biopsy) 

44 

S H 

0121000000 

4 87/2 83 

187/98 


Boeck’s sarcoid 

45 

G A 

0111000000 

4 35/2/21 



Multiple myeloma 
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in a case of subacute bactenal endocaiditis and m one of passive con- 
gestion of the livei Data on 45 of the cases of extiahepatic disease 
are given in table 5 

The values for plasma albumin, globulin, cholesteiol and cholesterol 
esters were found to be within normal limits in the 20 normal adults 
Plasma protein determinations in 40 of the 75 cases of extiahepatic 
disease levealed a normal ateiage value for globulin of 2 70 Gm per 
hundied cubic centimeters, and a slightly loweied value for albumin, 
3 96 Gm Noimal total proteins, avei aging 6 66 Gm per hundied cubic 
centimeteis, were piesent in 35 of the 40 cases The albumin was 
diminished m 16 cases, it was maikedly deci eased m 3 cases of acute 


Table 6 — Data on Blood Sentm m Syphilis 






Plasma 

Plasma 






Serum 

Albumin/ 

Cholesterol/ 






Colloidal 

Globulin 

Cholesterol Wasser 


Case 



Gold 

Gm per 

Esters, Mg 

mann 


No 

Patient 

Reaction 

100 Cc 

per 100 Cc 

Reaction 

Diagnosis 

1 

F 

M 

1221100000 

4 07/2 17 

156/76 

3+ 

Central nervous sjstem sjphihs 








no arsenical therapj 

2 

F 

E 

5442110000 

3 69/3 46 

162/42 

4+ 

Central nervous sjstem sjphihs 








arsenical therapy 

3 

A 

S 

5553321000 

4 76/2 89 

134/53 

4+ 

Central nervous system sjplnlis 








arsenical therapy 

4 

L 

S 

2532110000 

3 6S/3 44 

159/60 

4+ 

Syphilitic heart disease arsenical 








therapy 

5 

T 

M 

5521110000 

4 17/3 13 


4+ 

Sjphihtic heart disease no 








arsenical therapj 

6 

B 

S 

1532100000 




Syphilitic heart disease no 








arsenical therapj 

7 

N 

M 

5552100000 

4 85/3 14 

175/90 

3+ 

Primary sjphihs mild hepatitis 








from arsenical therapj 

S 

S 

D 

5321000000 




Primary sjplnlis arsenical 








therapy 

9 

B 

F 

1221000000 




Secondary syphilis arsenical 








therapy 

10 

P 

M 

5521000000 




Secondary syphilis arsenical 








therapy 

11 

N 

V 

0231000000 

3 71/4 02 

127/44 

4+ 

Tertiary sjmbihs splenomegaly 


liver normal size 


nephritis and 3 of chronic nephritis with albuminuna, and was lowered 
to a lesser degree in 2 cases of heart disease (in 1 of which ascites was 
present), 2 of infectious diseases, 4 of neoplasm, 1 of hyperthyioidism 
and 1 of duodenal ulcer An increase in the plasma globulin was 
observed in 15 of the 16 cases in which the plasma albumin was 
decreased The colloidal gold reaction was negative in 13 of the 15 cases 
with high globulin values 

The plasma cholesteiol was elevated in 4 cases of extiahepatic 
jaundice and normal in 2, in contrast to the cholesterol values in mtra- 
hepatic jaundice, relatively few of which were above normal The 
cholesterol esters were normal in 3 cases of jaundice and lowered in 3 
In 24 cases of extrahepatic disease without jaundice, the cholesterol 
was normal in 18, high in 3 and low in 3, whereas the cholesterol esters 
were normal in 18 cases and lowered m only 6. in contrast to the 
predominant lowering obseived in mtrahepatic disease 
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Seium Colloidal Gold Reaction in Syphilis — The colloidal gold 
reaction was positive m 8 and negative m 12 of 20 cases of syphilis with 
no clinical evidence of hepatic involvement Data for 11 of these cases 
aie given m table 6 The plasma globulin, averaging 3 17 Gm per 
hundred cubic centimeters, was increased in 5 of the 7 cases m which 
proteins were determined, and the colloidal gold reaction was positive 


Table 7 — Comparison of Colloidal Gold Reaction of Blood Serum 

and of Spinal Fluid 


Case 

No 

Colloidal Gold Reaction 

r— > * 

Cerebro 
Blood spinal 

Serum Fluid 

Wassermann 

Reaction 

A 

r V 

Spinal 
Blood Fluid 

Globulin 

in 

Cerebro 

spinal 

Fluid 

Diagnosis 

1 

1221100000 

4443331000 

3+ 

4+ 

4* 4* 

Cerebrospinal syphilis 

2 

5442110000 

5535321000 

4+ 

4+ 

+ 4- 

Cerebrospinal syphilis 

3 

5555321000 

5555321000 

4+ 

4+ 

+ 

Cerebrospinal syphilis 

4 

4553210000 

4553200000 

4+ 

Neg 

4” 

Ccrebrospsinal syphilis 

5 

2321000000 

5555321000 

4+ 

4+ 


Cerebrospinal syphilis 

6 

1330000000 

2223331110 

4+ 

4+ 

++ 

Cerebrospinal syphilis 

7 

2221000000 

5531000000 

4+ 

Neg 

Neg 

Cerebrospinal syphilis 

8 

1210000000 

5554321000 

4+ 

4+ 


Cerebrospinal syphilis 

9 

5555310000 

5555432100 

4+ 

4+ 

+ + 

Cerebrospinal syphilis and cirrhosis of 

10 

2532110000 

0011000000 

4+ 

Neg 


liver 

Syphilitic heart disease, large, hard 

11 

1253110000 

0000110000 

3+ 

Neg 

Neg 

smooth liver 

Syphilitic heart disease, large, hard 

12 

5321110000 

1112000000 

4+ 

4+ 


liver 

Syphilitic heart disease, large hard 

13 

5552100000 

0012000000 

3+ 

Neg 

4* 

liver 

Secondary syphilis, history of toxic 

14 

5532100000 

OOCOIOOOOO 

2+ 

Neg 

Neg 

hepatitis 

Primary syphilis and arsenical liepa- 

15 

1221000000 

0000000000 

4+ 

Neg 

Neg 

titis 

Primary syphilis 

16 

0220000000 

0000000000 

4+ 

Neg 

Neg 

Primary syphilis 

17 

18 

19 

2210000000 

0232110000 

0122100000 

0010000000 

oooouoooo 

4441113321 

3+ 

4+ 

Neg 

Neg 

4- H — b 

Primary syphilis 

Primary syphilis 

Meningocoecic meningitis 

2Q 

0122100000 

0000210000 

Neg 

Neg 

Neg 

Biliary tract neoplasm, liver normal 
(autopsy) 

Parkinsonism 

21 

2221000000 

0011000000 

Neg 

Neg 


22 

onooooooo 

0001210000 

Neg 

Neg 

4- 

Miliary tuberculosis liver normal 

23 

1232100000 

0011000000 

Neg 

Neg 

+ 

(autopsy) 

Epidural abscess, liver normal 
(autopsy) 

Primary tumor of liver (autopsy) 

24 

0454321000 

0010000000 

Neg 

Neg 


25 

5544531000 

0012100000 

Neg 

Neg 


Portal cirrhosis of liver 


in 4 of the 5 cases The albumin was reduced m 3 of the 7 cases, 
but the average value was normal — 4 13 Gm In the 6 cases m which 
the plasma cholesteiol and cholesteiol esters were determined, the former 
was noimal in 4 and low m 2 while the latter weie normal in 3 and 
low m3 

Comparison of the Colloidal Gold Reaction m the Blood Serum 
and in the Cerebrospinal Fluid — The colloidal gold reaction of the 
spinal fluid and that of the blood serum from the same patient may be 
the same or may differ gieatly, depending on the disease process 
(table 7) The colloidal gold reaction was positive m the blood serum 
and negative m the spinal fluid of 7 patients with liver disease This 
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group included 3 patients with syphilitic heait disease and large, hard 
livers (table 7, cases 10, 11, 12), 1 patient with portal cirrhosis (case 
25), 2 with arsenical hepatitis (cases 13 and 14) and 1 with a hepatic 
tumor (case 24) In 4 cases of cei ebrospmal syphilis, colloidal gold 
reactions were positive in the spinal fluid and negative in the blood 
serum, with increased globulin m the spinal fluid m 1 instance (cases 
1, 5, 7, 8) On the other hand, in 3 similar cases the colloidal gold 
reactions in both the spinal fluid and the blood serum were positive, with 
increased globulin m the spinal fluid m 3 instances (table 7, cases 2, 3, 
4) In 1 case (case 9), m which both syphilis of the cential nervous 
system and hepatic cirrhosis were present, both the spinal fluid and 
the blood serum gave positive reactions In 3 cases of early syphilis 
with no evidence of hepatic disease (cases 16, 17, 18) and in 3 cases 
of various conditions other than hepatic disease or syphilis (cases 21, 
22, 23) theie were negative colloidal gold reactions m both the spinal 
fluid and the blood seium The spinal fluid globulin was increased in 
2 of these cases In 1 case (case 19) of menmgococcic meningitis, with 
no clinically detectable hepatic disease, a positive colloidal gold reaction 
was obtained in the spinal fluid and a negative reaction in the blood 
serum 

COMMENT 

In these studies theie was a high incidence of positive colloidal gold 
reactions m the blood serums of patients with hepatic disease The reac- 
tions were positive in 89 of the 96 cases of hepatic disease studied (92 7 
per cent) Positive reactions weie obtained m every case of cirrhosis of 
the liver, m all but a single case of acute pai enchymatous disease of 
the liver and in all the cases of miscellaneous hepatic disease studied 
The reaction was negative in a case of mild catanhal jaundice with 
subsiding symptoms and m 6 cases of neoplastic disease of the liver, 
m 4 of which autopsy levealed minimal involvement or a few small 
malignant nodules 

The sensitivity of the colloidal gold reaction was of considerable 
clinical importance m several cases of hepatic disease, confirmed by 
autopsy or biopsy m 4 instances, m which bilirubin excretion, brom- 
sulphalem retention and other tests were negative In 1 of these cases 
(L F [table 1, case 31, a 47 year old woman with splenomegaly, 
macrocytic hyperchromic anemia, jaundice, l eticulocytosis and normal 
blood fragility]), the colloidal gold leaction in the serum was repeatedly 
positive Various tests, including the bromsulphalem letention, bilirubin 
excretion, hippunc acid, galactose tolerance, levulose tolerance and 
Takata-Ara tests, gave noimal results A small, firm, diffusely nodular 
cirrhotic liver was found at operation Similarly, noimal lesults were 
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obtained with one 01 moie of the foiegoing tests made in 3 cases of 
hepatic disease m which the diagnoses of portal cirrhosis, pnmary tumoi 
of the liver and miliary infectious granuloma of the liver were confirmed 
at autopsy (table 1, case 4, table 3, case 12, table 4, case 10) The 
colloidal gold reaction, however, was persistently positive in all 3 cases 
It is interesting to note that the bromsulphalem retention test in the 12 
cases of hepatic disease m which it was used was positive in 6 cases and 
negative in 6, while the colloidal gold reaction was positive m 11 of the 
12 cases 

While these studies were being completed Bauei 17 repoited some- 
what similai obseivations on the colloidal gold leaction and compared 
his results with the Takata-Ara test In my studies I found the Takata- 
Aia test less sensitive than the colloidal gold test It was positive in 
28 of 35 cases of hepatic cirrhosis, in 3 of 8 cases of acute paren- 
chymatous livei disease, m 2 of 12 cases of neoplastic hepatic involve- 
ment and in 1 of 3 cases of miscellaneous hepatic disease, a total of 34 
positive tests m 58 cases (586 per cent) 

In cases of extrahepatic jaundice of shoit duration (such as that 
resulting from a stone m the common duct) m which the liver was found 
to be normal at operation, the colloidal gold leactions weie negative 
legardless of the degiee of jaundice (table 5, cases 1, 2, 3, 5, 6, 7) The 
amount of serum bilnubm present did not appear to alter the leaction 
In cases of extrahepatic jaundice of long duration, however, with 
secondary liver involvement found at operation, the colloidal gold 
reaction was positive (table 4, case 1) 

The reaction was negative m other diseases m which theie was no 
clinically detectable pathologic change m the livei, as m acute and 
chiomc nephritis, infectious diseases, neoplastic diseases and blood 
dysciasias The diagnosis of a normal liver was confirmed by autopsy, 
biopsy or laparotomy m 22 cases In a case of lobar pneumonia (table 
2, case 9) jaundice developed, the colloidal gold leaction was positive 
until the symptoms of hepatitis had subsided Positive reactions weie 
obtained m a case of subacute bactenal endocaiditis and in one of 
passive congestion of the liver 

Observations of the colloidal gold reaction in syphilis indicate a high 
percentage of disease of the liver following antisyphihtic therapy (table 
6) Five of the 8 positive colloidal gold leactions were m cases with 
histones of previous aisemcal therapy, m 1 of these theie had been 
hepatitis (table 6, case 7) However, 7 of the 12 negative reactions 
weie found m cases with histories of similar aisemcal therapy Whethei 
the positive leactions obtained m syphilitic seiums repiesent subthreshold 

17 Bauer, R Erne neue Seroreaktion — Serum Goldsolreaktion, Klin 
W chnschr 16 1570, 1937 
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hepatic disease following arsenical therapy 18 or whether they represent 
false positive leactions, 1 elated m some way to the altered globulin 
content apparently present in syphilis, 18 cannot be concluded at this time 

The differences between the colloidal gold 1 eaction of the blood serum 
and that of the spinal fluid in various diseases may be explained by the 
blood-brain barrier’s acting as a semipermeable membrane which 
excludes such proteins as euglobuhn and fibrinogen from the spinal 
fluid 20 This permeability is altered m various pathologic conditions of 
the meninges, such as cerebrospinal syphilis and menmgococcic men- 
ingitis 21 

The studies of the plasma cholesterol esteis aie interesting in that 
they demonstiate the rather high incidence (66 2 per cent) of abnormal 
values m hepatic disease 22 Deci eases in the cholesterol esters were 

18 (a) O’Leary, P A , Snell, A M , and Banmck, E G Portal Cirrhosis 

Associated with Chronic Inorganic Arsenical Poisoning Report of Two Cases, 
J A M A 90 1856 (June 9) 1928 ( b ) O’Leary, P A Observations on 

the Treatment of Syphilis of the Liver, ibid 96 183 (Jan 17) 1931 (c) Bald- 
ridge, C W The Relationship Between Antisyphilitic Treatment and Toxic 
Cirrhosis, Am J M Sc 188 685, 1934 ( d ) Biskind, G R , Epstein, N N , and 
Kerr, W J Hepatic Complications in the Treatment of Syphilis, Ann Int 
Med 7 966, 1934 ( e ) Kellogg, F, Epstein, N N, and Kerr, W J 

Hepatic Complications in the Treatment of Syphilis, ibid 9 1561, 1936 (/) 

Sager, R V Factors Responsible for Jaundice in Syphilis, with Special Reference 
to the Role of the Arsphenamines, Arch Int Med 57 666 (April) 1936 

19 (a) Noguchi, H The Relation of Protein, Lipoids and Salts to the 

Wassermann Reaction, J Exper Med 11 84, 1909 ( b ) Wintermtz, R Ein 

Beitrag zur chemischen Untersuchung des Blutes rezent luetischer Menschen, 
Arch f Dermat u Syph 93 65, 1908 (c) Muller, R , and Hough, W H 

Vergleichende Globuhnmessungen an luetischen Sens, Wien klin Wchnschr 
24 167, 1911 ( d ) Takuda, K Refractometric Studies in Human Syphilis with 

Special Reference to Changes During Treatment with Arsphenamine and Neo- 
arsphenamine, Arch Dermat & Syph 4 512 (Oct) 1921 (e) Bircher, M A, 

and McFarland, A R The Globulin Content of the Blood Serum in Syphilis, 
ibid 5 215 (Feb ) 1922 (/) Lloyd, R B Protein Graphs in Syphilis with Their 

Relation to the Wassermann Reaction, Indian J M Research 19 1055, 1932 

20 Greenfield, J G , and Carmichael, E A The Cerebrospinal Fluid in 
Clinical Diagnosis, New York, The Macmillan Company, 1925 

21 (a) Greenfield, J G Some Modern Problems Connected with the Cere- 
brospinal Fluid, Edinburgh M J 43 573, 1936 ( b ) Katzenelbogen, S The 

Cerebrospinal Fluid and Its Relation to the Blood, Baltimore, Johns Hopkins 
Press, 1935 

22 (a) Thannhauser, S J , and Schaber, H Ueber die Beziehungen des 

Gleichgewichtes Cholesterm und Cholestennester im Blut und Serum zur Leber- 
funktion, Klin Wchnschr 5 252, 1926 (h) Adler, A , and Lemmel, H Zur 

femeren Diagnostik der Leberkrankheiten I Cholesterm und Cholestennester 
im Blute Leberkranker, Arch f klin Med 158 173, 1928 (c) Epstein, E Z 


(Footnote continued on next page) 
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obseived in 47 of 71 cases of hepatic disease, m contrast, in the extia- 
hepatic diseases the esteis were deci eased in 9 of the 30 cases The 
incidence of low cholesteiol esters m the various types of hepatic disease 
was appi oximately the same 22 of 36 cases of cirrhosis (61 1 pei cent), 
9 of 12 cases of acute pai enchymatous disease (75 per cent), 11 of 16 
cases of neoplastic disease (68 8 per cent) and 5 of 7 cases of miscel- 
laneous hepatic diseases (71 4 per cent) Extensive paienchymal 
damage was fiequently associated with low cholesterol ester values 
(table 1, cases 27, 43, table 2, case 14, table 3, case 7) Changes m 
the cholesteiol-cholesteiol ester ratio paialleled the alteiation of the 
plasma proteins except m the acute pai enchymatous diseases, m which 
deci eases m cholesterol esteis weie found moie frequently than alteied 
plasma piotem values The total plasma cholesterol values weie not 
alteied so leadily, however, they were noimal m 38, high in 18 and 
low m 21 of the 77 cases of hepatic disease studied Noimal values 
were obseived m about half the cases of hepatic disease and m two 
thirds of the cases of extrahepatic diseases An increase m plasma 
cholesterol was found m 4 of the 6 cases of extiahepatic jaundice, in 
conti ast to the predominantly noimal values obseived m mtiahepatic 
jaundice 

The poor piognosis associated with low cholesteiol estei values 23 
is demonstiated m 6 of the 7 cases in which the cholesteiol esters weie 
too low to deteinune Death occuired in 6 cases within two months, 
1 patient (table 2, case 7), with catairhal jaundice, suivived In geneial, 
the decrease m cholesterol esters paialleled the severity of the hepatic 
mjuiy, the cholesteiol esteis weie frequently normal m the eaily stages 
of mild hepatic disease 

Variations m the plasma proteins were encountered frequently m 
75 cases of hepatic disease m which protein values were detei mined 
The globulin was increased in 43 cases and the albumin deci eased in 45 
The increase m globulin usually compensated for the deci ease in albumin, 
so that the total plasma piotems weie normal m all but 15 cases It 
is interesting to obseive that the lowest ratios — that is, the gieatest 
increases m globulin and decreases in albumin — weie associated with 
advanced hepatic destiuction (table 1, case 14, table 2, case 14, table 3, 
case 7) The most maiked vanations in albumin and globulin values 
were found in cmhosis of the livei, and the least maiked variations 
were noted m the acute pai enchymatous diseases 

The Cholesterol Partition of the Blood Plasma in Parenchymatous Diseases of 
the Liver, Arch Int Med 47 82 (Jan ) 1931 , Cholesterol of the Blood Plasma 
in Hepatic and Biliary Diseases, ibid 50 203 (Aug ) 1932 

23 Adlei and I emmel 22,5 Epstein 22c 
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The changes in concentration of the plasma proteins were related 
more closely to the severity and duration of the disease of the liver than 
to the state of nutrition or to loss of piotem in the ascitic fluid 
Moderately advanced hepatic disease without demonstrable ascites (table 
3, cases 7, 23, 24, table 1, cases 1, 17, 21, 24) majf pioduce gi eater 
variation in protein concentrations than less advanced hepatic disease 
with ascites (table 1, cases 8, 16, 36) One patient with a large, hard, 
irregulai liver, cardiac decompensation and ascites of long duration had 
normal plasma proteins (table 1, case 41) No definite correlation 
could be found between malnutrition or inadequate piotem intake and 
alteied plasma proteins Myers and Keefei, 13f Foley and associates 13s 
and Snell and Magath 24 have shown that the shifts in plasma piotems so 
fiequently observed in hepatic disease are caused primanly not by defi- 
cient intake of piotem or mechanical loss in the ascitic fluid but by 
defective formation of proteins Holman, Mahoney and Whipple, 25 
Kerr, Hurwitz and Whipple, 20 Sawada 27 and others 28 have concluded 
that the liver plays an important role in maintaining normal serum 
proteins 

The positive colloidal gold reaction does not depend primarily on a 
quantitative increase m globulin, a decrease in albumin oi an inveision 
of the albumin-globulin latio Positive leactions were present in 29 
of the 32 cases with normal plasma globulin values and in 21 of the 
23 cases with normal albumin-globulin latios Conveisely, in the conti ol 
series the colloidal gold reaction was negative m 13 of the 15 cases 
with elevated plasma globulin values and in each of the 15 cases with 
low oi inveited albumin-globulin latios The positive colloidal gold 
reaction may depend, therefore, on a qualitative rathei than on a 
quantitative alteration in the plasma piotems The work of Gros, 14a 
Kendall 1415 and deVries 140 indicates that the mci eased globulin found 

24 Snell, A M, and Magath, T B The Use and Interpretation of Tests 
for Liver Function A Clinical Review, JAMA 110 167 (Jan 15) 1938 

25 Holman, R L , Mahoney, E B , and Whipple, G H Blood Plasma 
Protein Given by Vein Utilized in Body Metabolism II A Dynamic Equilibrium 
Between Plasma and Tissue Proteins, J Exper Med 59 269, 1934 

26 Kerr, W J , Hurwitz, S H, and Whipple, G H Regeneration of 

Blood Serum Protein III Liver Injury Alone, Liver Injurv and Plasma Deple- 
tion, the Eck Fistula Combined with Plasma Depletion, Am J Physiol 47 
379, 1918 

27 Sawada, T Biochemical Investigation of the Blood in Cases of Experi- 
mental Disturbance of Liver Function, Jap J Gastroenterol 3 38, 1931 

28 (a) Mann, F C, and Magath, T B Die Wirkungen def totalen Leber- 
exstirpation, Ergebn d Physiol 23 212, 1924 (6) Salvesen, H A Variations m 
the Plasma Protein in Non-Renal Conditions, Acta med Scandmav 72 113, 1929 
(c) Henriques, V, and Klausen, U Untersuchungen uber den Serumalbumm 
und Serumglobulingehalt des Serums unter wechselden Umstanden, Biochem 
Ztschr 254 414, 1932 
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m hepatic disease diffeis fiom that found in other diseases m that the 
euglobuhn constitutes a higher percentage of the mciease m globulin 
It is suggested that since euglobuhn is believed to play an important lole 
in the colloidal gold piecipitation 15 and is thought to be specifically 
inci eased m hepatic disease, it may be lesponsible for the positive 
reactions obtained Furthei work on the globulin fractions is being done 

SUMMARY AND CONCLUSIONS 

The colloidal gold leaction of the blood seium was studied in a 
series of 96 cases of hepatic disease, grouped as follows 46 cases of 
cinhosis, 14 cases of acute paienchymatous disease, 25 cases of 
neoplastic involvement and 11 cases of miscellaneous hepatic disease 
The diagnoses weie confirmed by autopsy, biopsy or laparotomy in 34 
cases 11 m the first group, 2 in the second, 13 in the third and 8 m 
the fourth The leaction was positive in each of 46 cases of cinhosis, 
m 13 of 14 cases of acute parenchymatous involvement, in 19 of 25 
cases of neoplasm and in each of 11 cases of miscellaneous hepatic 
disease In the entire senes, the reaction was positive in 89 of the 96 
cases, or 92 7 per cent 

In several instances the colloidal gold reaction detected liver disease, 
later confirmed by operation or autopsy, which had not been detected 
by the usual clinical and chemical tests 

The colloidal gold reaction was negative with serums from 20 normal 
adults and in 73 of 75 cases of various extrahepatic diseases, normal 
livers were found in 22 of these cases at autopsy, biopsy or laparotomy 

Positive reactions weie obtained in 8 of 20 cases of syphilis, in 1 
of these 8 cases theie was a history of hepatitis but in the others there 
was no demonstrable hepatic disease The possibility of latent damage 
to the liver following arsenical therapy and the question of false positive 
reactions in syphilis aie discussed It is pointed out that the colloidal 
gold reaction of the spinal fluid and that of the blood serum may be 
the same or may diffei greatly, depending on the effects of disease 
processes on the permeability of the blood-brain barriei 

The Takata-Ai a reaction was positive in only 34 of 58 cases of 
hepatic disease (58 6 per cent) , it was thus considerably less sensitive 
than the colloidal gold leaction 

The total plasma cholesterol was normal m 38 of the 77 cases of 
hepatic disease studied 

However, decreased values for plasma cholesterol esters weie fre- 
quently associated with extensive parenchymal damage and were piesent 
m 47 of 71 cases of hepatic disease (66 2 per cent) The decrease 
paralleled the seventy of the hepatic injury and was of prognostic 
significance, 6 of the patients whose cholesterol esters were too low 
to deteimme died within two months 
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Changes m the cholesteiol-cholesterol ester ratio paralleled the shifts 
in the plasma proteins in all types of liver disease except the acute 
parenchymatous diseases, m which loweied cholesteiol esters were moie 
frequent than altered plasma piotem values 

Variations m the plasma proteins weie frequent m hepatic disease, 
globulin was mci eased m 43 cases, and albumin was deci eased in 45 of 
the 7 5 cases studied The mciease in globulin was usually greater than 
the decrease m albumin, so that the total proteins were normal in 60 
of the 7 5 cases 

The most marked albumin-globulin shifts occurred m cirihosis of 
the liver and were associated with advanced hepatic destruction, the 
least marked vanations weie found in the acute pai enchymatous hepatic 
diseases The changes in concentration of the plasma piotems were 
related more closely to the severity and duration of the hepatic disease 
than to the state of nutution oi to the loss of piotem associated with 
ascites 

The colloidal gold reaction does not depend primarily on a quan- 
titative increase of globulin or on a low oi inverted albumin-globulin 
ratio Positive reactions were obtained in 29 cases of hepatic disease 
with noimal plasma globulin values and in 21 cases with noimal albumin- 
globulin latios The mechanism of the reaction is unknown It is 
suggested that it may depend on a qualitative rather than on a quan- 
titative variation in the plasma globulin and that the euglobuhn may be 
an impoitant factoi in the leaction 

Drs George F Dick and Waltei L Palmer gave many suggestions during 
this study, and Miss Kathryn Knowlton and Miss Lois Seago gave technical 
assistance 
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As a lesult of the original concepts of Volhard and Fahi, 1 a malig- 
nant ( bosaihg ) form of hypei tension was separated fiom the geneial 
gioup m 1914 In 1924, however, Wagener and Keith 2 descnbed a 
syndiome of malignant hypei tension and showed that this condition 
deseives the distinction of an entity, diffenng fiom chronic glomeiuhtis 
and benign hypertension on the basis of age incidence, a chaiacteiistic 
letmal picture, absence of anemia and fiequent peisistence of adequate 
lenal function This clinical concept of Wagener and Keith was fuithei 
developed m investigations at the Mayo Clinic, the lesults of which were 
published m 1927, 3 1928, 4 1929, 5 and 1931,° and vanous pathologic 
studies of this disease have been lepoited from this institution by 
Cain, 7 Moilock s and Odel 9 None of these woiks included any compie- 

From the Division of Medicine, Section of Pathologic Anatomy and Section of 
Ophthalmology, the Mayo Clinic 

* Objection has been raised to the use of the term malignant hypertension In 
this paper, the term has been used interchangeably with diffuse arteriolar disease 
with hypertension, group 4 

1 Volhard, F , and Fahr, K T Die Brightsche Nierenkrankheit Klimk, 
Pathologie und Atlas, Berlin, Julius Springer, 1914 

2 Wagener, H P , and Keith, N M Cases of Marked Hypertension, Ade- 
quate Renal Function and Neuroretinitis, Arch Int Med 34 374-387 (Sept) 
1924 

3 Keith, N M Classification of Hypertension and Clinical Differentiation 
of the Malignant Type, Am Heart J 2 597-608 (Aug ) 1927 

4 Keith, N M , Wagener, H P, and Kernohan, J W The Syndrome of 
Malignant Hypertension, Arch Int Med 41 141-188 (Feb ) 1928 

5 Kernohan, J W , Anderson, E W , and Keith, N M The Arterioles in 
Cases of Hypertension, Arch Int Med 44 395-423 (Sept) 1929 

6 Keith, N M , Barker, N W , and Kernohan, J W Histologic Studies 
of the Arterioles in Various Types of Hypertension, Tr A Am Physicians 46 
66-70, 1931 

7 Cam, E F Malignant Hypertension The Histologic Changes in the 
Kidneys, Arch Int Med 53 832-850 (June) 1934 

8 Morlock, C G Arterioles of the Pancreas, Liver, Gastrointestinal Tract, 
and Spleen in Hypertension, Arch Int Med 63 100-118 (Jan ) 1939 


(Footnote continued on nert paac) 

545 



546 


ARCHIVES OF INTERNAL MEDICINE 


hensive data legardmg the brain The purpose of the present study has 
been to survey the bram m cases of malignant hypertension, to catalogue 
the lesions present and, if possible, to con elate these lesions with 
sjunptoms that occurred m life 

When this study was in piogiess, the autopsy material at the Mayo 
Clinic included 17 brains of persons who had died of malignant hypei- 
tension A review of the clinical data on the patients and the pathologic 
observations on the brains forms the basis of the present communication 

In the group of cases on which this study is based there weie 5 
women and 12 men, and this sex distribution agrees with the generally 
obseived higher incidence of malignant hypertension among men The 
diagnosis of malignant hypertension was based on the cntena of Keith, 
Wagenei and Kernohan 4 The age range for the group was from 7 
to 65 years, the mean age being 43 

The duration of life after the onset of symptoms varied fiom four 
to eighteen months and aveiaged eight and nine-tenths months, thus 
again justifying the designation of this disease as “malignant ” The 
symptoms m this group were pi edoinmantly leferable to the cential 
nervous system This piedominance was perhaps somewhat more 
marked than would be noted in a moie geneial review of malignant 
hypei tension , the difference may be explainable by the fact that special 
efforts are made to secure permission for examination of the bram when 
outstanding evidences of cerebial damage have been piesent during life 
However, it should be stated that piactically all patients with malignant 
hypertension have some clinical evidences of ceiebral disturbances 

OBJECTIVE FINDINGS 

The objective findings m patients with malignant hypertension have 
been thoroughly described by the authors whom I have alieady men- 
tioned, and I need only review briefly the findings in this series of 
patients 

In all of these patients high blood pressure was piesent, and at times 
the systolic pressure exceeded 200 mm of meicury, m some of them it 
exceeded 250 mm The diastolic pressuie often exceeded 120 mm 
Figure 1 lllustiates a chaiacteristic course with regaid to blood pressure 
m these patients A distinctive letmal picture was always present 
during life, this was characterized by narrowing and sometimes by 
sclerosis of the retinal arteries, flame-shaped hemoirhages, cotton wool 
exudates and edema of the optic disks Evidence of cardiac damage 

9 Odel, H M A Study of the Changes in the Arterioles of the Myocardium 
in a Group of Cases of Diffuse Arteriolar Disease with Hypertension, Group 
IV, Thesis, Minnesota University Graduate School, 1937, Arteriolar Changes m 
the Myocardium in Diffuse Arteriolar Disease with Hypertension, Group IV, 
abstracted, Proc Staff Meet , Mayo Clin 14 210-214 (April 5) 1939 
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was usually piesent, varying fiom simple enlargement of the heait, with 
accentuation of the aortic second sound, to advanced heart failuie, with 
anasaica, orthopnea and cyanosis Fiequently when the patient was seen 
early renal function was good, and not uncommonly it was adequate 
even to the time of death Howevei, lenal function often failed in the 
teinunal stages 

Laboiatoiy Data — The mine often showed albumin Cylindiuna 
was piesent in some instances, as weie eiythrocytes A study of the 
chennstiy of the blood was made, particularly with reference to lenal 
function These studies showed that seveie renal insufficiency preceded 
death in 12 instances It is well to stress, however, that 5 patients 
weie without seveie lenal failure until death Thus, patients m this 
group of cases of malignant hypertension always had so-called retinitis 
albummurica with papilledema and may oi may not have had lenal 
insufficiency 



Fig 1 (case 14) —Blood pressure readings observed daily during final month 
of the terminal illness of the patient Note how the high level of systolic and 
diastolic pressures was maintained until within a few days of death, despite gross 
clinical evidence of congestive heart failure during this period 

Anemia was present m 7 instances, but was seveie in only 2 
Neurologic Examination — In the absence of a definite lustoiy of 
cerebi ovascular accident with hemiplegia, the results of the neuiologic 
examination weie objectively negative m all but 2 instances, m these 
Babmski phenomena were present during life These 2 cases will be 
referred to later 

Cerebrospinal Fluid — In 7 instances lumbai punctures were per- 
foimed during life (table 1) It is interesting that in 5 of the 7 cases 
pressure of the subarachnoid fluid was elevated (28 to 35 cm of water) 
at the time of the first examination, whereas m 2 cases the pressuie was 
normal (8 and 16 cm of watei ) Two patients who had elevated pres- 
sures on a single occasion had normal pressuies on subsequent studies 
Thus, one cannot conclude that edema of the optic disks m a patient 
with malignant hypertension always denotes increased piessure of the 
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cerebi ospmal fluid, although usually these two conditions are associated 
Factors such as occlusion of the foiamen occipitale magnum by the brain 
stem may pi event one’s obtaining a t me reading of the mtiaciamal sub- 
aiachnoid pressuie by lumbai punctuie 

The behavior of the cerebi ospmal fluid m essential hj^pertension has 
been carefully studied in recent years Admirable leports have been 
published by Shelburne, Blame and O’Hare 10 in the United States and 


Table 1 — Con elation of Clinical Findings with the Piesencc of Edema of 
the Biam m Cases of Malignant Hypotension 



Pressure of 

Choking of Disks, 
Diopters 

Last Concentre 

Case 

Cerebrospinal r 
Fluid, Cm 
of Water 

- -K- 

Right Left 

Side Side 

tion of Urea, 
Mg per ICO Cc 
of Blood 

Edema of Brain 

1 


3 1 

34 

Dura distended with fluid 

2 

Elevation Elevation 

134 

Considerable excess of cerebrospinal 

3 


1 to 2 1 

I5S 

fluid 

No comment 

4 

30 

4+ 4+ 

54 

No comment 

5 

32 

4 4 

057 

Flattening of convolutions 

6 


2 2 

10S 

Brain swollen 

7 


3 1+ 

24 

No comment 

S 


2 to 3 2 to 3 

492 

Gjn widened and flattened, sulci 

5 


Edema, no definite 

144 

narrow evidence of increased 
intracranial pressure 

Convolutions flattened cortex 

10 


elevation 

2 2 

2S5 

slightly narrowed, owing to 
edema of brain 

No comment 

11 

35 

4 to 5 3 to 4 

120 

Convolutions flattened, grade 1+ 

12 

16 

1 1 

116 

No comment 

13 

30 

1 2 to 3 

42 

No comment 

14 

S 

Edema, no definite 

64 

Brain edematous, grade 2+ 

15 

28 

elev ation 

7 to 8 7 to S 

86 

Marked edema of brain 

16 


Edema, some 

101 

Atrophy of convolutions, especiallv 

17 


elevation 

2 to 3 2 to 3 

116 

frontal, with increased amount of 
ceiebrospinal fluid 

Convolutions flattened, grade 1+ 


sulci narrowed 


by Pickering 11 m England The Amencan authors stated that of 20 
patients with severe hypertension in whom they observed an elevation 
of spinal fluid pressure, 19 had papilledema Of 30 peisons with hyper- 
tension in whom spinal fluid pressuie was normal, only 2 had papil- 
ledema Of 4 m whom bluirmg of the margins of the disks was present 
without definite elevation, all had normal piessuies Pickering reported 

10 Shelburne, S A , Blaine, D , and O’Hare, J P The Spinal Fluid in 

Hypertension, J Clin Investigation 11 489-496 (May) 1932 

11 Pickering, G W The Cerebrospinal Fluid Pressure in Arterial Hyper- 
tension, Clin Sc 1 397-413 (Dec ) 1934 
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that mci eased pressuie m the subaiachnoid fluid in patients with hyper- 
tension is an exceedingly grave piognostic finding In the piesent senes 
of cases the occuirence of increased pressure likewise pioved of giave 
prognostic significance Patients in whom Pickering observed a pi essure 
of the ceiebiospmal fluid exceeding 25 cm of water all died in fiom one 
day to ten months aftei the lumbar puncture Of 13 such patients, 10 
died of “uremia” and 3 of “convulsions ” Both the American and the 
English workers have found, as I have, that not all patients who piesent 
the chai actei istic retinitis with papilledema and elevated spinal fluid pres- 
sure have evidence of lenal insufficiency Merntt and Fremont-Smith 12 
stated that, except in raie instances, an elevated piessuie of the cere- 
biospmal fluid occurs m hypertensive patients only if theie is uiemia, 
but m the present series of patients theie were 2 (cases 4 and 13) who 
had elevated cerebrospinal pressure without uremia At the meeting 
of the Societe medical e des hopitaux de Pans held on Jan 7, 1938, 
Riser, Planques and Becq, 13 of Toulouse, reported that 4 patients with 
hypertension had died aftei lumbar punctures had been peifoimed 
Shelburne, Blame and O’PIaie 10 stated that 1 of their gioup became 
psychotic shortly aftei a lumbai puncture In the present series of cases, 
no accident has occuired aftei this proceduie 

ARTERIOSCLEROSIS AND THE BRAIN IN HYPERTENSION 

Scleirosis of the Laigei Aitenes — In the brain, as elsewhere m the 
body, sclerosis of the laiger arteries appears to present a sepaiate prob- 
lem from that of the vascular effects of hypertension The disease 
that is denoted clinically as arteriosclerosis of the cential neivous sys- 
tem is associated pathologically with nai rowed irregular toituous basal 
arteries, beading and tortuosity of the smaller coitical aitenes, thick- 
ening and opacity of the aiachnoid and atrophy of the cortex with 
lipoidal degeneration of the neuions In a gioup of patients with 
ceiebral ai tenosclerosis, Woltman 14 found that 64 4 per cent had a 
mean blood pressure of 130 systolic and 78 diastolic Ceitamly, then, 
arteriosclerotic changes cannot be considered as due pnmaiily to the 
effects of hypertension Indeed, Wartman 1 ^ could find gioss aiteno- 
sclei otic changes in 80 per cent of biams m an unselected senes of 
autopsies 

12 Merritt, H H, and Fremont-Smith, F The Cerebrospinal Fluid, Phila- 
delphia, W B Saunders Company, 1937 

13 Accidents Following Lumbar Puncture m Cases of Hypertension, Foreign 
Letters (Paris), JAMA 110 1056 (March 26) 1938 

14 Woltman, H W Cerebrospinal Arteriosclerosis, Minnesota Med 5 102-107 
(Feb) 1922 

15 Wartman, W B The Incidence and Severity of Arteriosclerosis in the 
Organs from Five Hundred Autopsies, Am J M Sc 186 27-35 (July) 1933 
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In the 17 patients of the present group the clinical grade of scleiosis 
of the peupheral arteries (a grading based on palpation of the brachial, 
radial, temporal and dorsalis pedis arteries) varied fiom “little” to 
grade 3 plus on a basis of 1 to 4 (table 2) It would seem from this 
that theie is no constant relation of the severity of arteriosclerosis m 
the large peripheral arteries to the seventy of hypertension Hyper- 
tension was marked in all patients in this group, yet often there was 
only slight arteriosclerosis, thus, in 1 instanpe scleiosis was said to be 
slight, m 1 it was giaded only 1 plus and in 4 it was giaded 2 In 
several instances the data peimitted companson of the degiee of 

Table 2 — Guide of Ai tcnosclcrosis in Cases of Malignant Hypet tension 


Grade of Arteriosclerosis * 
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Large Cerebral 

Retinal 

Peripheral 

Case 

Arteries 

Arteries 

Arteries 

1 

2 to 3 

Present 

2 

2 

3 

Present 

3 

3 

1 

2 

2 

4 

2 

2 to 3 

ij- 

5 

0 

2*f 

? 

6 

2 

2 to 3 

2 

7 

i 

2 to 3 

2 to 3 

8 

i 

3 

3 

9 

3 

3 

3J- 

10 

o 

Present 

3 

11 

2 

n \ 
o-f- 

9 

12 

2 

1-1- to 2 

9 

13 

3 

2+ 

3 

14 

1 

1 to 2 

2 

15 

0 

0 

Little 

16 

3 

Considerable 

3 

IT 

2 - 4 - 

2 ~r 

2 4* to 3 


* On the basis of 1 to 4 


sclerosis m the penpheial arteries with the degiee of sclerosis obseived 
by the ophthalmologist in the letmal arteries and artenoles In most 
of these cases the disease was approximately of the same seventy 
in the two sites (table 2) Thus, when a severe grade of sclerosis of 
the peripheral arteries is piesent in a patient with this disease, it would 
appear that the retinal vessels are usually similarly diseased It is also 
of mtei est to compare the severity of the artenosclerosis m the retinal 
and peripheral vessels with the degree of arterioscleiosis m the laige 
vessels at the base of the biam Severe changes m the letmal and 
peripheral arteries m these patients usually connoted a similar degree 
of change in the cerebral vessels (table 2) Thus, if one may judge 
from this small group, the presence of severe artenosclerosis m the 
large peripheral and retinal arteries m a patient with malignant hyper- 
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tension usually indicates that a sinulai advanced degree of the artenal 
disease is piesent m the laige ceiebral vessels Occasionally, howevei, 
this association is not striking (cases 7 and 8) 

The Changes m Cei ebi al Arterioles — At various times dunng the 
past ten years there have been reports from this institution dealing with 
extensive surveys of the blood vessels in vanous oigans as affected by 
hypertension This series of lesearches now includes a general survey 
of the arterioles thioughout the body in cases of malignant hyper- 
tension, 4 a histologic study of the changes in the aitenoles m specimens 
of pectoral muscle taken foi biopsy m cases of hypertension, 6 a clinico- 
pathologic study of the kidney and its vessels in cases of malignant 
hypertension, which appeared in 1934 , 7 a study of the vessels of the 
spleen, liver, pancreas and gastiomtestmal tiact, 8 and a study of the 
heai t 9 

The changes that these woikers have descnbed in the aiterioles of 
patients suffering from malignant hypertension are as follows a slight 
increase in penvasculai connective tissue, hypei ti ophy of the musculai 
coat of the media with an increase in the number of nuclear elements , 
a hyperplastic change affecting the internal elastic lamina, and prolifeia- 
tion of the endothelial and subendothelial cells, which sometimes is 
so extensive as to occlude the lumen almost completely One of the out- 
standing achievements of these studies has been the establishment, by a 
reasonable biometric method, of data concerning the lelative severity 
of arteriolar changes in pel sons suffering fiom hypertension of varying 
grades of severity Fuithermoie, these studies have shown cleaily that 
arterioles of different visceia are involved to diffeung degrees in the 
same patient These workers have all used foi measuimg the vessels 
the plan outlined by ICernohan, Andeison and Keith 5 By this method 
the thickness of the aitenolar wall is measuied m four places, and 
then an average of these four values is compared with the aveiage 
diameter of the lumen, established by two measurements made at right 
angles to each other The lesulting ratio, when studied for a large 
number of vessels, gives some indication of the increased resistance that 
the flow of blood must encounter in the oigan studied The method 
has been adopted elsewheie by vanous woikeis, 10 who have confirmed 
its usefulness 

Histologic studies were made of the 17 biams in this series, with 
special regard to the changes that had occurred in the measurements 

16 ( a ) Pilcher, J F, and Schwab, E H Arteriolar Changes m Essential 
Hypertension A Preliminary Report, Texas State J Med 28 665-668 (Feb ) 
1933 (b) Murphy, F D , and Grill, J So-Called Malignant Hypertension A 

Clinical and Morphologic Study, Arch Int Med 46 75-104 (July) 1930 (c) 

Moritz, A R, and Oldt, M R Arteriolar Sclerosis m Hypertensive and Non- 
Hypertensne Individuals, Am J Path 13 679-728 (Sept) 1937 
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of the aitenoles Similar studies were also made of biams of 15 per- 
sons in whom there had been no evidence of hypertension during life 
or at autopsy The disease causing the death of the control patients 
varied (table 3) Observations of the blood pressuie had been made 
during life in all of the controls The blood pressures never exceeded 
140 mm of mercury systolic or 90 mm diastolic, and the weights of 
the heart at autopsy all fell within the range of normal, that is, they 
did not exceed 400 Gm for the men and 350 Gm for the women The 
15 control patients were chosen m such a manner that the age and sex 
corresponded to those of the group with hypertension (cases 16 and 


Table 3 — Conti ol Senes 


Num 

ber 

Age, 

Yr 

Sex 

Causo of Death 

Weight of 
Heart, 
Gm 

Mean Hatio of 
Wall to Eumen, 
Entire Bram 

1 

41 

9 

Pneumonia 

300 

1 48 

2 

53 

$ 

Chronic pulmonary tuberculosis, pneumomn 

235 

13 3 

3 

47 

d 

Cerebral contusions and lacerations 

382 

1 31 

4 

32 

d 

Fractured skull with lacerations of brain 

346 

131 

5 

23 

d 

Hetror ertebral abscess 

287 

1 37 

6 

19 

d 

Cerebral contusions and lacerations 

345 

1 35 

7 

57 

d 

Carcinoma of ileum, peritonitis 

2S5 

132 

8 

28 

d 

Knife wound of neck 

336 

133 

9 

50 

d 

Cancer of larynx with obstruction 

327 

130 

10 

57 

d 

Cancer of rectum, pneumonia 

212 

133 

11 

49 

2 

Stricture of bile ducts, hepatic coma 

312 

134 

12 

59 

d 

Cancer of stomach 

242 

136 

13 

5S 

d 

Cerebral contusions and lacerations 

335 

133 

14 

30 

2 

Chronic ileus with obstruction 

230 

14 4 

15 

6 

9 

Contusions and lacerations of brain 

130 

14 2 


Mean ratio of ■wall to lumen 13 5 


17 were added at the end of the work, and no cases weie included as 
controls) 

The tissues studied were taken from material obtained at loutme 
necropsy, fixed in 10 per cent solution of foimaldehyde U S P , blocked 
m paraffin and stained The differential stains used to study the vessels 
included the Van Gieson stain, the Mallory-Heidenham and the Weigert 
elastic tissue stain 

As a result of the careful experiments of Moritz and 01dt, 16c it is 
now known that methods of preparation of tissues and the physiologic 
condition of the vessel wall at the time of death have no influence on the 
ratio of the wall to the lumen as determined by the methods used in 
my study 

The thickness of the walls and the diameters of the lumens were 
studied m ten vessels m each of six regions of the brain These regions 
were in each instance the frontal cortex, the parietal cortex, the oca- 
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pital cortex, the hypothalamic aiea, the medulla and the meninges 
Measurements weie made according to the technic of Kernohan, Ander- 
son and Keith 5 The average for ten vessels from each region was 
taken to be an indication of the nature of the vessels m that pait 
of the biam The outside diameter of the vessels studied fell appioxi- 


Table 4 — Mean Ratio of Wall of Artenolcs to Lumen in Diffcicnt 

Regions of Body 


Ratio 


r 


Region 

Persons Who 
Hid Not Hare 
Hypertension 

Persons Who 
Died of Malignant 
Hypertension 

Pectoral muscle (Kernohan, Anderson and Keith) 

12 0 

1 1 1 

Kidney (Cain) 

1 1 82 

107 

Heart (Odel) 

1 2 00 

1 1 93 

Abdomen (Morlock) 

Pancreas 

1 2 45 

1 124 

Liver 

1 2 31 

1 1 14 

Gastrointestinal tract 

1 213 

1 1 14 

Spleen 

1 132 

1 1 04 

Brain 

1 33 * 

1 1 7 t 


* The ratio was computed from 900 vessels 
t The ratio was computed from 1,020 vessels 


Table 5 — Mean Ratio of Wall of Cerebial Ai lei loles to Lumen 

m Diffeient Regions 


Ratio 



t — 

. 

A 


Persons Who 

Persons Who 


Did Not Have 

Died of Malignant 

Region 

Hypertension* 

Hypertension! 

Frontal cortex 

133 

115 

Parietal cortex 

13 3 

115 

Occipital cortex 

13 2 

1 1 2 

Hypothalamic area 

1 3 S 

1 1 S 

Medulla 

1 38 

1 IS 

Meninges 

1 3G 

1 IS 


* Each ratio was computed from 150 vessels measured 
t Each ratio was computed from 170 vessels measured 


mately between 20 and 80 micions, thus, my lesults are comparable to 
those of the men who have preceded me m this woik at this institution 
(tables 4 and 5 and figs 2 and 3) For the cerebral arterioles studied, 
it was found that the mean ratio of wall to lumen was 1 1 7 for the 
biams of persons that had died of malignant h>pertension, wheieas 
foi the noimal controls this mean latio was I 3 5 (table 4) Different 
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regions of the brain were noted to have only slightly differing values for 
these latios, and these slight variations weie noted both m the control 
group and m the persons who had died of hypertension (table 5) 



Lumen diameter - microns 


Fig 2 — Comparison of the thickness of the wall and the diameter of the lumen 
of cerebral arterioles in cases of malignant hypertension and in the control series 
The continuous lines represent the means for these measurements in each group 
Arterioles in brains of persons suffering from hypertension have thicker walls 
than those of the controls, and for a wall of given size the lumen is narrower 
in the arterioles of persons suffering from hypertension than in those of the 
controls Inserts, drawn to scale, illustrate diagrammatically the relative mean 
measurements for the cerebral arterioles in persons suffering from malignant hyper- 
tension and m the controls 



Ratio - lumen to wall 

Fig 3 — Frequency distribution of the ratios of the diameter of the lumen to 
the thickness of the arteriolar wall for the controls and for persons suffering 
from malignant hypertension There is overlapping of the two curves, but the 
peaks are significantly separated 

Histologic Study of the Aitenoles — A histologic study of the cere- 
bial aitenoles must take into account the changes m these vessels that 
result simply from aging This subject recently was reviewed by 
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Baker, 17 who concluded that the cerebial aitenoles are distinguished 
from those elsewhere m the body by several featuies (1) The internal 
elastic lamina of the cei ebral vessels is thicker than in vessels of similar 
size elsewheie, (2) collagen (hyalin) may make up the bulk of the 
wall of the cerebial aiterioles, the muscle being lriegulai m occuiience 
oi often entuely absent, (3) as the vessel diminishes in size its struc- 
tuie becomes simpler, so that what would be called fibrosis elsewheie is 
noi mal for the cerebial artenes Baker found that with age (and inde- 
pendent of hypei tension) there occur (1) thickening and reduplica- 
tion with fraying of the internal elastic lamina and (2) progiessive 
l eduction m the muscular elements of the media with replacement by 
fibious tissue General thickening of the artenolai wall with reduction 
of the caliber of the lumen was not noted by Baker as a featuie of 
the changes in these vessels due to age 

On the other hand, thickening of the wall of artenoles was encoun- 
teied m many sections that I examined from the brains of patients 
with hypertension, and this thickening was usually associated with reduc- 
tion of the calibei of the lumen In a general way, this thickening was 
due to an mciease in the thickness of each of the three coats of 
the vessel (fig 4) Thus, in mtimal lining, the musculai media and 
the fibrous adventitia took pait m the changes observed Theie was 
considerable variation m the extent to which these coats paiticipated m 
the thickening Intimal prolif elation was seen fiequently, but by no 
means in all the vessels encountered (fig 5) As a cause of geneial 
l eduction of the width of the aitenolar stream bed of the biam, mtimal 
proliferation appealed less important than the changes that occurred 
in the medial coat Little degeneration was seen m the mtimal or the 
medial coat Vacuolar and hydropic degeneration was insignificant as 
a pathologic feature of these vessels, as were hyalimzation and neciosis 
The latter degenerative changes appeared to occur only as end stages 
m the disease process that affected the aiterioles m malignant hypei ten- 
sion (fig 6) 

The internal elastic lamina partook of the general hypertiophy 
affecting the vessel wall, and when examined in the specimens stained 
with an elastic tissue stain, this layer was usually seen to be compaia- 
tively thicker than m similarly sized vessels in conti ol specimens Not 
uncommonly this thick lamina was frayed or 1 eduphcated, and with the 
elastic tissue stam strands of fibers could be seen to lanufy thioughout 
the other coats of the vessel (figs 5 and 7 ) This is the so-called 
elastosis This ramification of elastic fibers also occuis occasionally in 
noimal vessels, but the fibeis aie much less thick than m vessels from 

17 Baker, A B Structure of the Small Cerebral Arteries and Their Changes 
with Age, Am J Path 13 453-461 (May) 1937 
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Fig 4 — A (case 17), section from the occipital lobe (X 300), showing mark- 
edly hypertrophied arteriolar wall with narrowed caliber of the lumen B (case 
13), section from the left frontal lobe (x 480), showing markedly hypertrophied 
arteriolar wall with narrowed caliber of the lumen Slight hyaline changes are 
evident in the wall Hematoxylin and eosin 
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the brains of patients with hypertension and consequently much more 
difficult to follow m the microscopic preparations Fractures in the 
internal elastic lamina are not uncommon in the vessels of persons 
suffering from malignant hypei tension 

In the medial coat of many arterioles m the brains of peisons 
with hypertension, there could be seen an increase in the size of the 
individual cells and of their nuclei, and often there appealed to be 



Fig 5 (case 12) — Arteriole in the region of the right parietal lobe, showing 
hypertrophy of arteriolar wall, thickened frayed internal elastic lamina and hvper- 
plasia with thickening of the intimal coat Weigert elastic tissue stain , X 700 

such an increase in the number of cells that this poition of the wall 
was thick and hypertrophic The adventitial fibious coat was frequently 
thickened, and m the Van Gieson-stamed sections it often appeared as 
a red band about the vessel I have seen little infiltiation of the medial 
or the intimal coat with fibious tissue cells, although the adventitial 
fibrous coat ivas in geneial thick as compaied with that of normal 
vessels Not uncommonly one found a few r lymphocytes in the thick- 
ened adventitial coat, and m a numbei of biains examined these pen- 
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Fig 6 — A (case 3), arterioles in the meninges, showing hypertrophy of the 
walls with vacuolar degeneration, X 400 B (case IS), arteriole in the region of 
the parietal lobe, showing hypertrophy and marked necrosis, with hyaline degenera- 
tion of the wall , X 780 Hematoxylin and eosin 



ROSENBERG— BRAIN IN MALIGNANT HYPERTENSION 559 


vascular lymphocytes had mci eased in number to form a definite collar 
about the vessels, as described m the section on “inflammatory lesions ” 
Calcification was rare m the cerebral arterioles, being seen only occa- 
sionally as a band of calcified droplets lying between the medial and 
the adventitial coat 

Accordingly, the study of the arterioles in the brain reveals that 
there is often present hypertrophy of artenolar walls with reduction 
of the calibei of the lumen It would appear that a definitely increased 



Fig 7 (case 3) — Arteriole in the region of the left frontal lobe, showing 
hypertrophy and fraying of the arteriolar wall, with lamination and thickening 
of the intei nal elastic lamina Weigert elastic tissue stain, X 700 

anatomic barriei often exists in this disease, which may obstruct the 
flow of blood beyond the degiee of resistance noimally offered by 
this arteriolai poition of the vascular tree For some unknown reason, 
not every tissue shares alike m the extent of change m the disease, but 
the brain is fiequently severely affected The heart usually escapes 
with slight changes 0 Essentially, the lesions m the brain observed m 
the patients who had suffered from malignant hypertension were similar 
to the changes that other investigators have found m persons with 
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benign hypertension They differed only in then advanced degree and 
severe nature Necrosis of arterioles, which has not infrequently been 
descnbed as the sme qua non of malignant hypei tension, was extremely 
rare m these specimens In table 6 I have coi related the severity of 
the changes m the caliber of the ceiebral arterioles with the occuirence 
of destructive ceiebral lesions It appeals that no definite relationship 
exists between these data 

In 1926 Bordley and Baker 18 published a study of the bi am m 
cases of hypertension They concluded that artenosclerosis is more 
marked in the medulla than elsewhere m the brain m such cases and 
that it is possible to explain chronic hypertension on the basis of localized 


Table 6 — Cerebral Vascular Lesions and Ratio of Wall of Cerebtal Arterioles 
to Lumen m Cases of Malignant Hypei tension k 





Multiple 

Multiple 

Average 


Massive 

Large 

Small 

Small 

Ratio of Wall 

Case 

Hemorrhage 

Infarct 

Hemorrhages 

Infarcts 

to Lumen 

1 

1 


+ 

+ 

1 1 8 

2 



+ 

+ 

1 2 02 

3 



+ 

4 - 

115 

4 

+ 

+ 

+ 

+ 

1 1 G 

5 



4- 


128 

6 

+ 




1 1 3 

7 

+ 


i- 

+ 

1 21 

s 



+ 

+ 

1 25 

9 



4* 

+ 

1 1 9 

10 





113 

11 



+ 


114 

12 




4- 

1 1 2 

13 



+ 

+ 

1 1 4 

14 



+ 


1 12 

15 


+ 


+ 

113 

16 



4* 

+ 

1 20 

17 


+ 

4 

+ 

116 


* The presence of the lesion is indicated by + 


artenosclei osis m the region of the vasomotor centei This arterio- 
sclerosis, they concluded, probably results m local anemia, which, accord- 
ing to the experiments of Anrep and Stalling, 19 would give rise to 
systemic hypertension This conception has been vigorously and ade- 
quately opposed by many workers (Ruhl, 1927 , 20 Keith, Wagener and 

18 Bordley, J, III, and Baker, B M, Jr A Consideration of Arteriosclerosis 
of the Cerebral Vessels and the Pathogenesis of Hypertension A Preliminary 
Report, Bull Johns Hopkins Hosp 38 320-321 (April) 1926, Arteriosclerosis of 
the Cerebral Vessels and the Pathogenesis of Hypertension, ibid 39 229-264 
(Oct) 1926 

19 Anrep, G V , and Starling, E H Central and Reflex Regulation of the 
Circulation, Proc Roy Soc , London, s B 97 463-487 (Feb 2) 1925 

20 Ruhl, A Wie weit ist der genuine artenlle Hochdruck anatomisch bedingt ? 
Deutsches Arch f klin Med 156 129-161 (Aug ) 1927 
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Kernohan, 4 1928, Cutlet, 21 1928, and Tuthill, 1931 22 ) Mj measure- 
ments of the ai teiioles of the medulla m 17 patients with seveie h)pei- 
tension show considerable nanowing of the lumen Howevei, this does 
not appeal to be moie marked than foi any other of the regions 
studied (table 5) 

CEREBRAL LESIONS IN MALIGNAN1 HYPERTENSION 

The biain is seriously damaged m malignant hypertension Piobably 
no vital organ save the kidney is more unifoimly oi more extensively 
involved by this disease A review of the lesions that were obseived 
m the brains in the piesent senes will serve to lllustiate this fact 

The two major pathologic piocesses that damage the brain in 
malignant hypertension aie hemoiihage and mfaiction 

Hemoiihage — A laige variety of sites and a consideiable vanation 
in form characterized the hemonhages in these brains Among the 17 
biams studied, theie weie 4 with massive hemorrhage The biam in 
case 6 is typical A large cavity filled with blood, involving the coipus 
stnatum and the internal capsule, was obseived m the left hemispheie 
The hemoiihage had mptured into the ventricles This was a death- 
dealing blow for the patient, who died within twelve horn s aftei symp- 
toms of it appealed In each of these 4 instances the laige hemoiihage 
had torn its way into the ventricles In 3 of these the hemoirhage was 
cerebial and had mptured into the lateial ventricles, and in 1 it was 
cerebcllai and had ruptuied into the fouith ventncle Death always 
occuired piomptly when the hemoirhage luptuied into the ventncular 
system Seveie lenal insufficiency was piesent m 1 instance (case 6) 
and absent in 3 (cases 1, 4 and 7) when the laige hemoirhage occuued 
A second vanety of hemoirhage encountered was small and spotty, 
consisting of legions of hemoirhage measunng fiom 1 mm to 2 cm 
m diametei (fig 8) These were distributed uregulaily tlnoughout 
the white mattei of the cerebrum and ceiebellum m 5 instances (cases 
2, 3, 8, 16 and 17) Microscopic examination showed some to be homo- 
geneous legions of hemoiihage without obvious source and otheis to be 
so-called ling hemoirhages, oi cuculai zones of hemoiihage about the 
small vessels These small hemorrhages w r ere associated in each case 
with numeious infaicts of about the same size and distribution as the 
hemonhages In all these 5 cases theie was maiked nitiogen retention 
at the tune of death, the last lecorded values for blood urea being 134, 
158, 492, 101 and 116 mg pei bundled cubic centimeters iespectnely 

21 Cutler, O I Relation of Arteriosclerosis of the Cerebral Vessels lo 
Hypertension Distribution of Arteries Supplying Pons and Medulla, Arch Path 
5 365-379 (March) 1928 

22 Tuthill, C R Hypertension in Relation to the Blood Vessels of the 
Medulla Oblongata, Arch Path 11 760-765 (May) 1931 
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In case 8 the number of hemorrhages was so great that it suggested 
to Di Kernohan hemorrhagic encephalitis of the arsenical type, and 
chemical analysis showed the presence of 0 12 mg of arsenic per 
hundied grams of bram substance In certain types of encephalitis, 
the presence of arsenic in excess of 0 1 mg per hundred grams is 
believed to be of etiologic significance However, the relationship of 
the arsenic to the hypertension in this instance is not clear 



Fig 8 (case 8) — Small, “spotty” hemorrhage and “rmg hemorrhage” m a 
section from the thalamus Hematoxylin and eosm , X 60 

Bleeding onto the surfaces of the brain occurred in cases 1, 14 
and 17 In case 1 small hemorrhages were found beneath the arachnoid, 
scattered about the surface of the cerebral and cerebellar hemispheres 
and penetrating between the convolutions In case 14 the hemorrhages 
were subdural In case 17 there was a small region of subarachnoid 
hemorrhage over the superior surface of the right parietal lobe 
Subependymal hemorrhage was found in the anterior horn of the lateral 
ventricle m case 7 

Capillary hemorrhages were observed frequently (fig 9) They 
were ever more common than any of the three types of bleeding just 
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descnbed and occuried m 8 instances (cases 2, 3, 4, 5, 9, 11, 13 and 14) 
Of these instances, severe renal insufficiency was present m 6 (cases 
2, 3, 5, 9, 11 and 14) and absent m 2 (cases 4 and 13) 

Of these various forms of hemorihage, the massive and the spotty 
were definitely destructive of bram tissue and doubtless were responsible 
for symptoms during the life of the patient The capillary hemorrhages 
may also have caused considerable irritation to the bram Furthermore, 
the frequent association of the different types of hemorrhage with one 



Fig 9 (case 2) — Minute capillary hemorrhages in a section from the region 
of the hypothalamus Hematoxylin and eosm , X 55 

another and with other types of lesions m the same bram probably 
means that in these instances considerable portions of the bram had 
been thrown out of function 

Inf dictions — Infarcts in these biams are divided into two varieties 
single large and multiple miliary infaicts 

Single large infarcts were observed m cases 4, 15 and 17 In case 4 
the infarct doubtless dated from a cerebrovascular episode which, 
according to the history, had occurred six months before death This 
infarct involved the basal ganglions on the left, measured 0 5 by 4 by 6 
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cm and was associated with a large recent hemoirhage on the right 
side which had ruptuied into the ventricles In the second instance 
(case 15) the large single infarction took place m a child aged 7 yeais 
and appeared grossly as widespread necrosis of the sui face of the 
left side of the brain, involving the tempoial, occipital and parietal 
lobes Roughly, this necrotic legion conesponded to the surface dis- 
tribution of the middle ceiebral artei} On section of the brain the 
infarct was shallow, involving only the giay matter and the adjoining 
white matter Doubtless this infaict was superficial rather than deep 
because of some pecuhanty of the collateral cn culation in the brain of 
the child In case 17, the mfaict was sinnlai to that observed m case 4 
In these 3 cases theie weie small multiple infarcts in addition to the 
large infarct 

Multiple miliary infarcts, the second foun, must be of outstanding 
importance in these cases because of the frequency with which it 
occurs and its wide distribution These multiple nnliaiy mfaicts were 
found m 12 instances (table 7 and figs 10, 11 and 12) They were 
widespread, involving not only the basal ganglions but also the coitex, 
the white matter, the basal nuclei, the brain stem and the cerebellum 
They vaned m size from regions 5 or 6 mm m diameter to minute 
softenings seen only with the aid of the microscope In 4 of these 12 
cases no lesion could be seen on gioss examination, but the softenings 
weie found in micioscopic sections Thus, the biam cannot be assumed 
to be intact unless caieful micioscopic search for these lesions has 
been made In the remaining 8 cases both gioss and microscopic lesions 
weie observed It is impoitant to leahze that the extent of these 
infaicts and the amount of cerebial damage that they cause cannot be 
accurately estimated unless many sections are studied I was often 
impressed with the fact that large quantities of biam substance had 
been destroyed by these infarcts, and the clinical pictures often sug- 
gested the same conclusion Degenerated blood m the form of blood 
pigment was seen frequently in these infarcts and suggested that the 
insults had been occurnng over long penods, probably m “crops,” as 
Pal 23 suggested Table 6 illustrates the fiequency with which destruc- 
tive lesions weie encountered 

Spielmeyei 24 expiessed the opinion that some of these infarcts aie 
due to vasospasms His opinion was based on the obseivation of cir- 
cumscubed regions, necrotic and destroyed, without his being able to 
demonstrate any obstiuction m the vessels This has often been my 
own experience However, some mfaicts in this series of brains had 

23 Pal, J Ueber die zerebralen Insulte und den Angiospasmus der Hyper- 
tomker, Wien khn Wchnschr 44 1297-1299 (Oct 16) 1931 

24 Spielmeyer, W Vasomotorisch trophische Veranderungen bei zerebraler 
Arteriosklerose, Monatschr f Psychiat u Neurol 68 605-620 (March) 1928 
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adjoining thrombosed vessels (fig 16) Volhaid and Fahr 1 cited this 
opinion of Spielmeyer as confirming then own hypothesis of the occur- 
rence of “vasospastic insults” m the biam Hiller 25 cited two good 
rules for the acceptance of a lesion of the brain as angiospastic 
(1) Theie must be absence of true vascular obstruction m the presence 
of a lesion, or (2) there must have been absence of a lesion in the 
presence of loss of function He expressed the opinion that a patholo- 
gist may be able to say whether a lesion has been caused by a vascular 
disorder and may be able to descnbe the adjoining vessels but will not 
be able to state the type of functional vascular change that occurred 
during life The last word, he pointed out, will have to wait on studies 
of the cerebral circulation in the living subject 

At this point are included foi comparison figuies cited in 1937 by 
Jaffe 20 regarding the destructive lesions m the biams of patients with 
essential hypertension He stated that m 20 per cent of patients with 
this disease death was dnectly due to encephalic mjuiies Of these 
20 per cent, he found infarctions m the brains of 13 per cent and 
hemorrhage m the remaining 7 per cent It is of intei est to compare 
these figures with the results of the study of the present group of 
patients with malignant hypertension Ceiebral hemorrhage caused the 
death of 4 patients (24 per cent), and some type of destructive lesion 
was found in 12 (71 per cent) of the entue gioup of patients with 
malignant hypertension Thus the brain suffers destructive lesions with 
relatively gieat fiequency in this more severe foim of the disease 

Inflammcitoi y Lesions — There is considerable theoretic interest in 
the presence of mflammatoiy lesions m tissue from patients with 
severe hypertension The cause of this disease has at various times 
been attributed to bactena, and a case of severe vasospastic hypei- 
tension was lecently reported from the Mayo Clinic m which the 
patient recovered after removal of infected tonsils 27 Klemperer and 
Otam 28 and, lecently, Rosenbeig, Keith and Wagener 29 have repoited 
instances of severe hypei tension m which marked inflammatory reac- 
tions could be seen in many blood vessels 

25 Hiller, F , in Bumke, O , and Foerster, O Handbuch der Neurologie, 
Berlin, Julius Springer, 1936, vol 11, pp 331-338 

26 Jaffe, R H The Pathology of the Cardiovascular, Cerebral and Renal 
Changes m Essential Hypertension, Radiol Rev & Mississippi A^alley M J 39 
7-12 (Jan) 1937 

27 Habein, H C, and Wagener, H P Acute Vasospastic Hypertension, 
Minnesota Med 20 180-182 (March) 1937 

28 Klemperer, P, and Otam, S Malignant Nephrosclerosis (Fahr), Arch 
Path 11 60-117 (Jan ) 1931 

29 Rosenberg, E F , Keith, N M, and Wagener, H P Diffuse Arterial 
Disease with Hypertension Two Unusual Cases of Contrasting Types, Arch Int 
Med 62 461-481 (Sept ) 1938 
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Fig 10 (case 9) — A, minute infarct in a section from the thalamus, showing 
cystic degeneration B, minute infarct in a section from the thalamus, showing 
a great number of scavenger cells Hematoxylin and eosin , X 50 
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Fig 11 — A (case 3), minute cystic cavity resulting from a small region of 
infarction in a section from the temporal lobe, X 25 B (case 9), glial scar result- 
ing from the healing of a small region of infarction in a section from the thalamus , 
X 58 Hematoxylin and eosin 




570 


ARCHIVES OF INTERNAL MEDICINE 


In these 17 brains, collections of lymphocytes weie observed about 
arterioles in 10 (cases 2, 2, 5, 7, 9, 10, 11, 13, 16 and 17) These 
perivascular collections tended to form distinct cuffs None of the 10 
patients had serologic or other evidence of syphilis One patient (case 
4) with syphilis did not show cuffing of the cerebral vessels For the 
most part these cuffings were moderate m degree (figs 13 and 14) 
The cuffings were not confined to the immediate neighborhood of 
infarction or hemonhage On the contrary, they were found in regions 



Fig 12 (case 12) — Section from the left frontal lobe, showing a zone of 
infarction with loss of neurons, a so-called region of devastation Note the 
occluded vessel Hematoxylin and eosm , X 85 

remote from other lesions In table 8 the occurrence of cuffing of 
arterioles is correlated with the presence or absence of uremia and with 
the nature of the other destructive lesions encountered 

Recent studies by Ecker 30 have shown that m some instances of 
encephalitis, m which penarteriolar collections of lymphocytes are 

30 Ecker, A Arsenic and the Nervous System with Special Reference to 
Subacute and Chronic Encephalitis, Thesis, Minnesota University Graduate School, 
1938 
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Fig 13 (case 9) — A, hypertrophy of the wall of a small arteriole with peri- 
arteriolar collection of lymphocytes in a section from the right occipital lobe, 
X 460 B, perivascular collections of lymphocytes in a section from the thalamus , 
X 65 Hematoxylin and eosin 
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found m the brain, the condition is due to arsenic Of the 10 brams m 
the present series m which penvasculai cuffing was present, he has 
analyzed 6 for the presence of arsenic (cases 2, 3, 5, 9, 11 and 13) 
Using the Osterberg 31 modification of Gutzeit’s test, he was unable to 
find arsenic in any of the 6 brains 

Case 11 ought not to be considered with the othei 9 cases because 
of the probable relation of the cuffing to terminal meningitis, which 
followed operation This, however, leaves 9 cases in which this lnflam- 



Fig 14 (case 13) — Meningeal arterioles, showing hypertrophied walls and 
periarteriolar collections of lymphocytes in a section from the frontal lobe Hema- 
toxylin and eosin , X 265 

matoiy response was piesent without any appaient explanation The 
occurrence of this lesion seemed not always to be an expiession of a 
rapid course It occurred m 1 instance (case 13) in which eighteen 
months elapsed between the onset of the symptoms and death, and it 

31 Osterberg, A E A Modification of the Electrolytic Gutzeit Apparatus for 
the Estimation of Arsenic m Biological Material, J Biol Chem 76 19-22 (Jan ) 
1928 
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also occurred when only four months had intervened (case 3) Severe 
renal insufficiency was absent m 2 instances (cases 7 and 13), which 
indicates that this condition alone is not causative Destructive cerebral 
lesions were likewise absent occasionally 

These cuffings were different m appearance fiom penvasculai 
cuffings occasionally seen adjoining regions of laige hemouhage or 
infarction In the latter type the cells are piedommantly polymoipho- 
nuclears which are emigiatmg from the blood vessels into the peri- 
vascular spaces and thence into the necrotic legions, wheieas the 
perivascular cuffings which are observed in the biams of patients dying 
of malignant hypertension aie mainly formed by lymphocytes The 
polymorphonucleai cuffings adjoining infarcts or hemorrhages aie prob- 


Table 8 — Clinical and Postmortem Observations in Cases of Malignant Hypci 
tension m Which Cuffing of Ceiebial Aitcnoles Occuncd 


Case 

Concentration 
of Urea, Mg 
per 100 Ce of 
Blood 

Duration of 
Life, Months 
After Onset 
of Symptoms 

2* 

134 

12 

3* 

15S 

4 

0* 

657 

13 

7 

24 

17 

9* 

144 

9 

10 

285 

12 

11*1 

126 

6 

13* 

42 

18 

16 

101 

6 

17 

116 

8 


Destructive Lesions in Brim 

Multiple hemorrhages and infarcts 
Multiple hemorrhages and infarcts 
None 

Large hemorrhage of cerebellum 
Multiple hemorrhages and infarcts 
None 

Meningitis, postoperative 
Capillary hemorrhages, multiple infarcts 
Multiple hemorrhages and infarcts 
Multiple hemorrhages and infarcts 


* Analysis for arsenic gave negative results 

t Cuffing probably evidence of encephalitis accompanying meningitis 


ably due to neciosis of tissue and coi respond to the polymoi phonucleai 
response to infarcts observed m othei organs, such as the heait, kidnej 
and lung The penartenolar lymphocytes in these brains affected by 
hypertension should piobably be looked on as an mflammatoiy, but not 
necessanly an infectious, l espouse They may be the result of nomn- 
fectious tissue damage 

A second type of mflammatoiy or piolifeiative reaction seen in these 
biams was the proliferation of glial cells (fig 15) This was observed 
m 6 biams (cases 2, 3, 5, 9, 14 and 17) In 3 brains (cases 2, 9 and 17) 
dense accumulations of glial cells of all types, but mainly astrocytes, 
were seen m the white mattei, where ordinarily but few astiocytes are 
seen Small focal collections of glial cells were noted about some small 
vessels m 5 brains (cases 3, 5, 9, 14 and 17) No lesions lesemblmg 
those of periaitentis nodosa uere found in any of the brains It is 
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Fig IS — A (case 17), focal proliferation of glial cells in the white matter 
of a section from the left parietal region Many astrocytes (gemastete glia) 
appear swollen, X 265 B (case 9), focal proliferations of glial cells m a section 
from the thalamus , X 165 Hematoxylin and eosin 
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of interest that perivascular cuffing s occuired in all but 1 (case 14) 
of the 6 brains m which glial proliferations were encountered (table 7) 

Intracerebral and Extr acerebral Edema — It is important to have 
information regaidmg edema of the brain m patients with hypertension 
because of the possibility of relieving symptoms of this condition dur- 
ing life by means of hypertonic solutions In table 1 the available data 
concerning disturbances of intracranial fluids are correlated with (1) 
the degree of choking of the optic disks, (2) the presence or absence 
of uremia at the time of death and (3) the pressure of the subarach- 
noid fluid during life 

Brains that have been preseived m fixative solutions aie not satis- 
factory for studying the presence or absence of edema Consequently, 
my data regarding this phenomenon have been taken from the gross 
and microscopic descriptions of these brains as lecorded at the time of 
the original autopsy Edema or marked increase m the amount of 
cerebrospinal fluid was noted by the pathologist in 11 of the 17 cases 
m this series 

As one might expect, it would appear that the patients with high 
grades of papilledema often had an increase in the pressure of the 
cerebrospinal fluid and also showed edema of the brain at autopsy No 
instance of “pressure cone” (such as was described by Blackfan 32 m 
his famous case) was observed in this series 

On microscopic examination it was possible to find some appaient 
increase m the size of the penvascular and pericellular spaces of these 
brains, and in places the fiber tracts were widely separated, seemingly 
by edema fluid, m the form of a meshwork It is not certain, however, 
whether these changes resulted from actual increase in the amount of 
fluid m the brains or fiom postmortem shrinkage during fixation 

One may conclude from the data m table 1 that mtracerebial edema 
or an increased quantity of cerebrospinal fluid does occur often in 
malignant hypertension, and that either of these conditions may play 
a significant role in bringing about an increase m intracranial tension, 
thus producing symptoms Signs of these disturbances should be 
watched for carefully during life, and if such signs appear measures 
should be instituted to combat them 

Anenua of the Biain — This condition has been discussed widely 
as playing a part m causation of the cerebral symptoms that so often 
accompany severe hypertension It seems significant that in the autopsy 
lecords of the 17 patients no statement can be found that would indicate 
that an anemic condition of the brain was observed There was no 

32 Blackfan, K D Acute Nephritis in Children, with Special Reference to 
the Treatment of Uremia, Bull Johns Hopkins Hosp 39 69-90 (Aug ) 1926 



576 


ARCHIVES OF INTERNAL MEDICINE 


microscopic feature that could be interpreted as being due to geneial 
anemia, and there were only such evidences of local anemia as the 
infarcts 33 

33 Dr H P Wagener stated “The average ratio of wall to lumen in normal 
retinal arterioles which measure 66 to 116 microns in diameter ophthalmo- 
scopically is variously stated as from 1 4 to 1 7 Thus the retinal arterioles 
present a closer similarity in thickness of wall to the cerebral arterioles than to 
the arterioles of the peripheral muscles 

With reference to the collections of lymphocytes around the arterioles Peri- 
arteriolar sheathing of the retinal arterioles is found in a certain number of cases 
of hypertension It has seemed to me that this occurs mainly in patients who 
have or have had retinitis In this event no doubt the lesion represents the 
emigration of leukocytes from the vessels in the neighborhood of infarcts or of 
areas of edema of the retina However, it may be possible that the lymphocytic 
cuffing that Dr Rosenberg found about the arterioles at a distance from the 
infarcts m certain brains may explain the localized penartenolar sheathing in 
some cases in which existence of retinitis, past or present, cannot be definitely 
demonstrated 

With reference to vasospasm and destructive changes, transient loss of vision in 
one eye or in a sector of an eye does occur at times presumably on the basis of 
arteriolar spasm In such cases, when seen during the attack, the main arteriole 
leading to the affected quadrant is invisible since it is empty of blood, and its walls, 
being of normal thickness and structure, are invisible or transparent In such cases, 
the loss of vision never lasts for more than five minutes If the loss of vision persists 
for a period longer than five minutes, an ischemic infarct of the affected portion of 
the retina can be seen ophthalmoscopically and vision is permanently reduced 
to a greater or lesser degree, usually greater In some of these cases, aftei 
subsidence of the acute picture of the infarct, the arteriole can be seen to be 
definitely thrombosed In other instances, however, the arteriole shows only 
generalized narrowing, irregularities in lumen and evidence of thickening of the 
walls, which can be spoken of as postspastic sclerosis It is certain that in these 
instances there is a “destructive” lesion in the letina (an infarct with necrosis 7 ), 
but it is not known whether there is necessarily primary thrombosis of the 
arteriole or whether the thrombosis, when pi esent, oi the residual structural 
changes in the walls of the arterioles are secondary to the vasospasm, as is the 
infarct 

In the more usual type of “spasm” of the retinal arterioles, seen for example 
in toxemia of pregnancy, retinitis does occur in the absence of ophthalmoscopically 
demonstrable structural changes in the walls of the mam arterioles — the visible 
localized “angiospastic” narrowings at times disappearing and leaving an apparently 
normal arteriolar wall within twenty-four hours However, on microscopic study 
it is possible to demonstrate in certain instances the closure of minute arterioles (20 
microns or less in diameter) leading to the region of the cotton wool patch, or 
infarct (Fnedenwald, J S The Pathology of the Oculai Changes m Nephritis 
and Hypertension, in Berglund, H , and Medes, G The Kidney in Health and 
Disease, Philadelphia, Lea & Febiger, 1935, pp 638-664), and the question arises, 
as it does regarding the brains that Dr Rosenberg examined, whether such a 
small vascular occlusion must be present in the case of all infarcted foci or whether 
the apparent infarct or necrosis can be produced by the anoxemia of the tissues 
attributable to the spasm alone In the case of the retinal infarcts, Fnedenwald 
concluded that the occlusive changes in the terminal arterioles were due to hyaline 
lipoid degeneration rather than to thrombosis ” 
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RELATION OF SYMPTOMS TO LESIONS 

The histories of the 1/ patients with malignant hypertension have 
been reviewed in an attempt to correlate the cerebial symptoms that 
were suffered dui mg life with the type of pathologic changes encoun- 
tered in the bram at autopsy 

In his book published in 1915 Allbutt 34 caiefully consideied the 
cause of transient or “larval” foims of cerebial episodes which occui m 
association with hypertension He was well informed on the literature 
dealing with these attacks, and after marshaling the evidence for the 
functional hypothesis (vasospasm) and foi the organic origin, he was 
obliged to assume that in the vast majority of cases tiansient pareses 
m persons with hyperpiesia and chronic renal disease signify small 
cerebral hemorrhages 

Oppenheimer and Fishberg 35 reviewed the subject of the acute 
episodes of cerebral phenomena that occui in association with vanous 
hypertensive states and independent of uremia Although at that time 
they did not report any studies of their own pathologic material, they 
stated that anatomic examination of the bram of a person who has 
succumbed after having had these acute manifestations does not reveal 
any focal lesions to account for the epileptiform convulsions and othei 
symptoms, such as coma, headache, amaurosis, hemiplegia and aphasia, 
which are so striking during life They stated that such biams show 
only inconstant edema or anemia, and because of the paucity of ana- 
tomic changes they felt it necessary to seek the pathogenesis of “hypei- 
tensive encephalopathy” (as they named the condition) along functional 
lines They concluded that the syndrome is due primarily to hyperten- 
sion and that vasospasms are directly responsible They weie m agree- 
ment with Volhard and Fahr, 1 who asserted that these phenomena are 
not due simply to lenal insufficiency 

It would seem apparent from the literature that undoubtedly theie 
have been cases of hypertension m which cerebral symptoms were pres- 
ent dunng life and m which at necropsy no actual focal lesions could 
be demonstrated However, in this study of the bram m malignant 
hypertension, it was always possible to demonstiate regions of cerebral 
destruction when focal cerebial symptoms had been present during life, 
and m instances m which the bram showed no destructive lesions (cases 
5, 10 and 14) the history revealed that episodic focal cerebral symptoms 

34 Allbutt, T C Diseases of the Arteries, Including Angina Pectoris, London, 
Macmillan & Co , 1915 

35 Oppenheimer, B S , and Fishberg, A M Hypertensive Encephalopathy, 
Arch Int Med 41.264-278 (Feb) 1928 
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had not been present during life The present study indicates that when 
focal cerebral symptoms occur dunng the terminal illness destructive 
lesions m the bi am are frequently present A recent paper by Davison 
and Brill 36 gives emphatic support to this obseivation 

The case reported recently by me in collaboration with Dis Keith 
and Wagener 29 is of special interest m this connection Severe hyperten- 
sion developed The course of the disease was rapid, and the terminal 
phase was so violent as to be termed by us “explosive ” During the 
final days of the illness there were many bizarre symptoms and findings 
which appeared to be evidence of a ceiebral disturbance At the time 
of our original studies, we found no destructive lesions m the brain 
We have, however, recently reviewed this case thoroughly in the light 
of pathologic observations m the present series In studying many 
moie micioscopic pieparations from vanous cerebral regions, we have 
encountered three exceedingly minute microscopic foci of infarction, 
but no other lesions It seems to us that one would not be justified in 
attributing the many striking cerebral symptoms to these minute lesions 

A PROPOSED CLINICOPATHOLOGIC CLASSIFICATION OF THE 
CEREBRAL PHENOMENA OF SEVERE HYPERTENSION 

After a review of the clinical and pathologic data at my disposal, it 
appears that three primary types of cerebral symptoms occur in malig- 
nant hypertension (1) symptoms of mci eased intracranial pressure, 
(2) symptoms of multiple miliary cerebral lesions and (3) symptoms 
of large cerebrovascular accidents Symptoms of any one of these three 
groups may occur alone, and all combinations of them are seen Accord- 
ingly, a fourth group, mixed types, may be distinguished 

Increased Intracranial Pressure — The symptoms that result from 
intracerebral and extracerebral edema are those of increased mtracianial 
pressure and include severe headaches, nausea and vomiting, mental 
dulness and drowsiness At necropsy more or less severe arteriolar 
thickening and narrowing of the lumen of the vessels were noted m 
these instances of edema, but no destructive lesions of the biam tissue 
could be found This simple type occurred m 2 cases (5 and 14) in 
my group The following case history is typical 

Case 14 — A housewife, aged 41 years, was first seen in May 1935, when high 
blood pressure was discovered At that time she complained of severe, migraine- 
like headaches and blurring of vision on stooping Physical examination revealed 

36 Davison, C , and Brill, N Q Essential Hypertension and Chronic Hyper- 
tensive Encephalopathy (a Climco-Pathologic Study), Ann Int Med 12 1766- 
1781 (May) 1939 
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accentuation of the aortic second sound At that time her blood pressure was 
recorded on several occasions as follows 220 systolic and 125 diastolic , 184 systolic 
and 120 diastolic, and 196 systolic and 120 diastolic Examination of the fundus 
showed retinal artenolosclerosis of grade 1 to 2 on a basis of 1 to 4, slight general- 
ized narrowing and one small streak hemorrhage below the right disk The urine did 
not contain albumin or casts During the succeeding year the patient was seen 
occasionally because of spells of faintness, shortness of breath and precordial pam 
The blood pressure was alwaj s found to be elevated 

On April 16, 1936, she was admitted to the hospital Her condition was serious 
There were marked shortness of breath and a sense of substernal pressure She 
had been vomiting frequently for three weeks, had been having frequent nosebleeds 
and was extremely weak 

Examination revealed a peculiar pallor, which was interpreted as being due 
possibly to vasospasm of the arterioles of the skin There were narrowing of the 
retinal arterioles, grade 2 plus, and sclerosis, grade 3 There was edema of 
the upper nasal margins of both disks, with an elevation of 1 D Many hemor- 
rhages were present m the retina of the right eje Edema -was present over the 
sacrum, and there was evidence of fluid m both pleural cavities The heart was 
enlarged There was marked tenderness over the liver Severe hypertension was 
present and continued to within a few days of death (fig 1) 

The urine contained albumin, grade 3 The level of blood urea was 64 mg per 
hundred cubic centimeters The value for hemoglobin was 10 7 Gm The erythro- 
cjtes numbered 3,530,000 and the leukocytes 10,500 in each cubic millimeter of 
blood A roentgenogram of the chest revealed enlargement of the heart, passive 
congestion and fluid at the bases of both lungs The electrocardiogram showed 
left ventricular preponderance and inverted T weaves in derivation 1 T waves in 
derivation 2 were isoelectric 

During the succeeding days progressiv e evidence of renal and cardiac insufficiency 
developed In the hospital the patient had severe headaches, often accompanied 
bj nausea and vomiting A lumbar puncture was performed, the initial pressure 
being 8 cm of water and the response to pressure over the jugular veins being 
prompt The cell count was 2 per cubic millimeter The value for proteins m 
the fluid was 30 mg per hundred cubic centimeters It was necessary to remove 
fluid from both pleural cavities on se\ eral occasions On May 15, 1936, the patient 
was stuporous On the following day Cheyne-Stokes respirations were present, 
and she was in a state of semicoma The reflexes remained equal on the two 
sides, and there was no eudence of paralysis On May 20 a pericardial friction 
rub disclosed the presence of pericarditis During the next month her state 
of consciousness varied, at times she was fairly clear mentally, often she was 
stuporous Coma was present for about twenty-four hours before death, which 
occurred on June 22 

From the time of onset of the symptoms until death only thirteen months had 
elapsed At the time of death, the v alue for blood urea had risen to 192 mg per 
hundred cubic centimeters , for creatinine it was 4 mg and for serum sulfates it w T as 
122 mg At autopsy the following significant diagnoses were made hypertrophy 
of the heart (530 Gm , normal 275 Gm ) , dilatation of the left ventricle, grade 2 
plus, atrophy of the kidnejs (237 Gm, normal 275), of arteriolosclerotic type, 
multiple infarcts and abscesses of the lungs with organized thrombosis of the 
pulmonary vessels and unresolved bronchopneumonia , hv drothorax (1,000 cc right 
side, 2,000 cc. left side) , ascites (200 cc ) , edema of the legs, grade 2, resolvnng 
fibrinous pericarditis, and arteriosclerosis of the aorta, cerebral arteries and coronary 
arteries — all grade 1 
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The brain weighed 1,230 Gm Beneath the dura, in the epiarachnoid space, 
were several regions of petechial hemorrhage, each surrounded by a narrow zone 
of brownish pigment The brain appeared to be definitely edematous Arterio- 
sclerosis of the vessels at the base of the brain was graded 1 

There was microscopic evidence of edema of the brain, and small capillary 
hemorrhages were present in a section from the parietal cortex Infarctions 
were not encountered in either the gross or the microscopic examination Several 
small vessels were surrounded by dense collections of glial cells Rather marked 
medial thickening was encountered in the arterioles of the cortex, but the vessels 
of the meninges and those of the medulla and the hypothalamus appeared to be 
only slightly thickened The internal elastic lamina also appeared to be slightly 
thickened Determinations of the ratio of the lumen to the wall of the cerebral 
arterioles showed reduction only m the cortical vessels 

Marked cardiac and some renal insufficiency developed in a 41 year 
old woman with severe hypertension For one month before death 
she was in a peculiar mental state vaiymg constantly between stupor, 
semicoma and mental alertness At times she could obey only simple 
commands At other times she was m conti ol of her senses These 
symptoms, together with headache, nausea and vomiting, suggested 
that increased inti acranial pressure was piesent, probably due to edema 
of the biain In spite of these clinical phenomena, and in spite of the 
fact that definite edema of the brain was obseived at autopsy, lumbai 
puncture showed normal pressure readings of the cerebrospinal fluid 
dunng life The outstanding lesion in the brain at autopsy was edema 

Multiple Mi haiy Desti uctwe Lesions — When the brain has suffered 
widespread multiple miliary infarctions or hemorrhages or both, a wide 
variety of symptoms results, usually these symptoms are evidence of 
injury to localized cerebral regions The region of the brain which 
is destroyed or injured often is not large enough to cause disturbances 
in reflexes or in sensations or motor powei, and the results of neuro- 
logic examinations are accordingly usually found to be objectively 
negative In 1 instance of this type there occurred episodes of vertigo 
and staggering, suggesting damage to the equilibratory system , m 
another, olfactory hallucinations occurred, suggesting injury to a region 
of the hippocampus Transient hemiplegias and aphasias are not infre- 
quent, and these suggest lesions in the gieat projection systems of the 
cortex Personality changes suggest damage to the frontal lobes The 
observation of many small cortical lesions provide an explanation for 
the occurrence of convulsions in some of these cases Cases 2 and 3 
represent fairly simple examples of this second type, in which symptoms 
of focal cerebral disturbance are associated with multiple small destruc- 
tive lesions of the brain Case 3 is presented 

Case 3 — A musician, aged 50 years, came to the Mayo Clinic on Jan 27, 
1927, complaining of shortness of breath for four months Swelling of the 
ankles and distention of the abdomen had been present for two weeks 
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Examination showed orthopnea and enlargement of the heart There was 
accentuation of the pulmonic second sound Peripheral arteriosclerosis was 
graded 2 There were ascites and edema of the lumbosacral regions and of the legs 
Rales were heard over the bases of both lungs Results of the gross neurologic 
examination were negative Examination of the fundi revealed sclerosis, grade 2, 
of the retinal arteries, with flame-shaped hemorrhages and numerous cotton 
wool exudates characteristic of the retinitis of malignant hypertension Edema 
of the optic disks was present, with elevation of 1 D The blood pressure was 
220 mm of mercury systolic and 140 mm diastolic 

There was a trace of albumin in the urine The concentration of hemoglobin 
(Dare) was 72 per cent, erythrocytes numbered 4,000,000 and leukocytes 16,800 
in each cubic millimeter of blood The blood urea measured 124 mg per hundred 
cubic centimeters and the creatinine 5 mg The electrocardiogram showed inversion 
of the T wave in all three leads 

Two days after the patient’s admission to the hospital a severe generalized con- 
vulsion suddenly developed, during which he bit his tongue For a short time he 
was pulseless and in deep coma , the pulse then returned but for some minutes 
was rapid and of poor quality During this period his respirations were stertorous 
Venesection was performed, during which procedure he roused and became per- 
fectly rational, talked and moved all extremities One and a half hours later 
he had another generalized convulsion After the second convulsion a Babinski 
sign could be elicited m the left foot, but tendon reflexes were equal on the 
two sides and no paralyses were noted 

In the succeeding weeks the patient had periods of marked restlessness with 
a peculiar personality change He refused to follow instructions, insisted on 
getting out of bed, stole ice and water from other patients and drank the water 
intended for washing his teeth During the next month edema and ascites increased 

On March 6 he became comatose and died At the time of death the blood 
urea was 158 mg per hundred cubic centimeters and the creatinine 5 3 mg 

At autopsy the following significant diagnoses were established hypertension 
with hypertrophy of the heart (870 Gm ), hydrothorax of the left cavity (1,000 
cc ) and chronic diffuse nephritis 

Atherosclerosis in the vessels at the base of the brain was graded 3 On 
sectioning the brain, there were seen many small, scattered regions of hemorrhage 
(the largest of which was 1 5 cm in diameter) and numerous small regions of 
infarction, some of which had formed cavities or cysts The largest infarct 
was 8 mm in diameter 

Microscopically, a mild degree of thickening was noted m the arteries and 
arterioles of the subarachnoid space In the parenchyma of the brain proper the 
walls of most of the arterioles were also definitely thickened Some arterioles 
weie entirely obstructed by thrombi, and a canalized thrombus was observed in 
one of them Many of the cerebral arterioles showed well marked cuffing with 
lymphocytes The regions of infarction were noted to be of various ages , many 
showed scavenger cells and blood pigment Swollen astrocytes were noted m 
the vicinity of some infarcts, and about these the adjoining brain tissue was 
densely infiltrated with various glial cells Occasional minute capillary hemor- 
rhages were present 

The internal elastic lamina of arterioles was in many instances proliferated 
and thickened, giving the picture of so-called elastosis, with many fibers of elastic 
tissue infiltrating and ramifying m the various layers of the wall Capillar} 
hemorrhages were found in the hypothalamic region, in the cortex and in the 
medulla 
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A man aged 50 yeais had severe hypertension and heait failure 
During the last months of his life he had convulsions, penods of coma 
and of marked restlessness and personality changes, followed by delirium 
and terminal coma In the bram were observed multiple regions of 
destruction due to hemorrhages and infarcts 

Laige Cerebi ovascular Accidents and Mixed Types of Cerebral 
Symptoms — The phenomenon of a large cerebi ovascular accident is well 
known and deserves no special comment here, except to state that such 
an accident may follow in the course of either of the aforementioned 
varieties of clinical course Thus, a patient the course of whose ill- 
ness indicated that he has suffered multiple focal destructive cerebral 
lesions may suddenly show evidences of a large cerebrovascular accident 
and die The following case is lllustiative of such a course 

Case 1 — A woman 45 years of age registered at the Mayo Clinic on Aug 
26, 1921 Six months previously she had had a “stroke,” followed by partial 
paralysis of the right side, at which time her systolic blood pressure was 280 mm 
of mercury Paralysis cleared gradually For two months vision had been failing 
She had lost 75 pounds (34 Kg ) For two weeks she had had acute attacks 
of tinnitus and had noted impairment of memory and vertex headaches Her 
mental state was clouded Since her first stroke she had been emotionally unstable 
and had expressed many ungrounded fears Examination showed dyspnea and 
edema of the ankles The heart was enlarged Its action was regular The 
aortic second sound was accentuated The results of the gross neurologic examina- 
tion were negative Peripheral arteriosclerosis was graded 2 The blood pressure 
Avas 240 mm of mercury systolic and 120 mm diastolic 

There were several small conjunctival hemorrhages m the right eye Papill- 
edema was present, with an elevation of 1 D in the left eye and 3 D m the 
right eye There were sclerosis of the retinal arteries and irregular narrowing 
of their caliber Massive exudates and extensive hemorrhages Avere noted along 
the vessels, and beginning macular stars were observed 

The urine contained only a trace of albumin and occasional casts The con- 
centration of hemoglobin (Dare) Avas 82 per cent, erythrocytes numbered 
5,110,000 and leukocytes 13,000 in each cubic millimeter of blood The value for 
blood urea was 34 mg per hundred cubic centimeters, and that for creatinine 
1 9 mg The specific gravity of urine varied from 1 000 to 1 026 

On the third day after admission the patient suddenly became unable to speak, 
and left hemiplegia appeared She lapsed into coma, Cheyne-Stokes respirations 
developed, and she died two days later 

At autopsy the following significant diagnoses were made cerebral hemor- 
rhage, chronic diffuse nephritis, hypertrophy of the heart (400 Gm , normal 250 
Gm), early bronchopneumonia and chronic passive congestion of the lungs 
Grossly, the right hemisphere of the brain presented a large cavity, 2 by 5 cm in 
diameter, involving the corpus striatum and the internal capsule This cavity Avas 
filled with blood, and blood had ruptured into the ventricles Scattered about 
the surface of the cerebrum and cerebellum were numerous hemorrhages beneath 
the pia There was sclerosis, grade 2 to 3, of the large vessels at the base of the 
brain No gross evidence of infarction Avas noted 
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Microscopic examination showed that the wall of the large hemorrhagic cavity 
was not organized The cerebral hemorrhage had obviously occurred within a 
few hours preceding death 

Sections from the parietal regions of the cortex, from the hypothalamus and 
from the region of the pons showed numerous small regions of infarction These 
were too small to have been seen grossly, but those m the brain stem might 
easily have interrupted important fiber tracts Many of these minute infarcts 
were old, perhaps having occurred some months before death This fact was 
shown by the presence of degenerated blood pigment in the walls of the cavities 
and m the adjoining brain tissues 

There was marked thickening of the arteriolar walls in many of the regions 
studied 

A 45 year old woman came to tlie clinic with a history of transient 
partial hemiplegia of six months’ duration She had been m a pecuhai 
mental state and had many bizarre symptoms, including emotional 
instability, tinnitus and impaired memory In spite of this history, the 
objective results of a careful neurologic examination were negative 
A large cerebral hemorrhage caused her death At autopsy, in addition 
to the large hemorrhage, multiple minute regions of destruction were 
observed throughout the bram 

A further variety of the mixed type which may be encountered is 
exemplified m the following history of a patient the course of whose 
illness suggested that widespread miliary destructive lesions had 
occurred and who showed terminal clinical evidence of edema of the 
bram m the form of signs of increased mtraciamal pressure 

Case 9 — On July 5, 1934, a physician, 54 years of age, came to the clinic 
complaining of a loss of weight of 38 pounds (17 2 Kg) and of malaise and 
drowsiness, together with marked thirst and polyuria, of about nine months’ 
duration Two months before his arrival he had experienced olfactory hallucina- 
tions, and since that time he had had bouts of nausea and vomiting He had 
noted some shortness of breath on exertion, and during the preceding two months 
severe parietal headaches and insomnia had been very troublesome He had become 
mentally dull, and for one month his vision had been failing During this 
month he had had visual and auditory hallucinations He complained of seeing 
grotesque objects and of hearing voices 

On examination he appeared anemic Palpable peripheral vascular sclerosis 
was graded 3 plus The heart was enlarged, and the aortic second sound was 
accentuated The blood pressure varied between 160 and 210 mm of mercury 
systolic and 110 and 140 mm diastolic The retinal arteries were narrowed and 
sclerosed There was retinitis, characterized by the presence of hemorrhages 
and cotton wool exudates The nasal margin of the right disk was edematous 

The urine contained albumin and occasional casts, together with erythrocytes 
and a few pus cells The value for hemoglobin was 14 5 Gm per hundred cubic 
centimeters, erythrocvtes numbered 3,830,000 and leukocytes 7,000 m each cubic 
millimeter of blood Blood urea was 98 mg per hundred cubic centimeters and 
creatinine 2 mg The electrocardiogram showed left ventricular preponderance 
and inverted T waves in lead I T waves in lead II were diphasic 
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In the hospital the patient continued to be nauseated and vomited a great deal 
Cheyne-Stokes respiration appeared He became more confused and was troubled 
by disturbing dreams and thoughts A gallop rhythm developed, the heart beat 
became irregular, and rales appeared in the bases of the lungs The liver was 
enlarged The patient became stuporous, slipped into coma and died on Aug 
7, 1934 His blood pressure remained abo\e 200 systolic and 130 diastolic until 
the day before death At the time of death the urea of the blood had risen to 
144 mg per hundred cubic centimeters and the creatinine to 5 2 mg Thus, clini- 
cally he presented a picture of terminal cerebral, retinal, cardiac and renal failure 

At necropsy the following significant diagnoses were made cardiac hyper- 
trophy (651 Gm , normal 300 Gm ) , granular kidneys, infarcts of the brain, 
ai tenosclerosis of the aorta, grade 2 plus, edema and congestion of the lungs, and 
organized bronchopneumonia 

The brain weighed 1,640 Gm Gross examination revealed flattening of the 
convolutions, due to edema Sclerosis of the large cerebral vessels was graded 3 
On sectioning the brain numerous small infarcts were seen throughout the white 
matter of the cerebrum and in the basal ganglions These measured from 2 to 5 
mm in diameter 

Microscopic examination revealed multiple miliary' infarctions throughout the 
brain These were found in various sections of the cortex, in the white matter and 
in the basal nuclei The infarcts varied m age, fresh infarcts were associated 
with many scavenger cells and degenerating nerve cells, older ones with many 
gemastete astrocytes and fewer scavenger cells Infarcts were found with glial 
fibers only where brain tissue had been replaced, these were obviously very' old 
Some infarcts took the form of small cystic cavities with much old blood pigment 
deposited in the walls Small capillary hemorrhages were encountered in the 
arachnoid and in some sections of the cortex In sections from the frontal cortex 
dense collections of astrocytes and marked glial fibrosis were observed Numerous 
arterioles in these regions showed cuffing with lymphocytes Many' nerve cells 
in the frontal lobes were degenerated, and around these cells were collected 
large numbers of oligodendroglial cells There was definite microscopic evidence 
of edema It was believed that the increase in weight of the brain was due in 
part to the edema and in part to the gliosis 

The arterioles throughout various sections of the cei ebral cortex showed 
moderate thickening of walls, due to increase in size and number of cells of the 
media — medial hypertrophy Some vacuolar change was observed in the medial 
coat of a few arterioles No other evidence of degeneration or necrosis was 
seen in the arterioles in any sections examined 

Severe hypertension developed in a 54 year old physician During 
the last three months of his life severe symptoms of increased intra- 
cranial pressure and cerebral damage appeared in the form of violent 
headaches, mental dulness, olfactory, visual and auditoiy hallucinations 
and, finally, confusion, disturbing thoughts, terminal stupor and coma 
At no time during life was any evidence of paialysis noted, and con- 
vulsions did not occur At autopsy, arteriolai changes were only 
moderately advanced in the cerebral coitex, and slight degiees of thick- 
ening were obseived m the basal ganglions and biam stem The biam 
was unusually heavy, piobably owing to edema and gliosis of the 
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cerebrum An indeterminate amount of the ceiebial substance was 
entirely destroyed by small macroscopic and countless microscopic 
infarctions of vaiymg ages 

COMMENT 

Seventeen brains from patients who had died of malignant hyper- 
tension have been surveyed as a basis for this study Destiuctive 
cerebral mjunes were noted m 12 brains, 01 71 per cent, a remarkably 
high incidence As a result of comparison of the clinical data and the 
lesions in the bram noted at autopsy, it appeals that the ceiebral syn- 
dromes that occur in patients with malignant hypei tension may be 
divided into various types For each type characteristic pathologic 
changes are found The pi unary types of ceiebial lesion responsible 
for symptoms appeal to be (1) intracerebral and extraceiebral edema, 
(2) multiple miliary destructive lesions, that is, hemorrhages or infarcts 
or both, and (3) large destructive lesions In the interest of more 
exact diagnosis and better understanding of this neurologic phase of 
hypertension, some such classification should be attempted for every 
patient with hypertension presenting symptoms of cerebral disturbance 

In the past many of the clinical phenomena occui ring in these patients 
were attributed to spasm of cerebial vessels These spasms may indeed 
occur and peihaps are responsible for the lesions However, it would 
appear that such an assumption may lead the clinician to an unjustified 
sense of security concerning the bram A history of focal cerebral 
symptoms in these cases of malignant hypertension was found to be 
associated constantly with more or less widespiead cerebial destiuction 
when the bram was examined carefully after death This study would 
seem to indicate that in the future those who maintain that these symp- 
toms occur in the absence of destructive lesions must examine the biam 
carefully Rosenblath 37 offered an explanation for the occunence of 
these symptoms in episodes He expressed the opinion that each attack 
is due to the occui rence of one or more new foci and peihaps to mciease 
m size of the ongmal ones In the light of the observations m my own 
review, the latter suggestions appear to be tenable 

CONCLUSIONS 

1 The cerebial aitenoles are piofoundly altered in patients with 
malignant hypertension The alteiation takes the foim of an increase 
m the thickness of the walls with reduction of the caliber of the lumens, 
such as has been found in many other viscera of patients with this 
disease 

37 Rosenblath Ueber die apoplekti forme, nicht embohsche und verwiegend 
unblutige Hirnerweichung und uber “Arterio-Capillary Fibrosis” Ztschr f khn 
Med 106 482-527, 1927 
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2 The brain is frequently seriously injured by vascular lesions in 
patients with malignant hypertension 

3 Patients with malignant hypertension whose clinical course sug- 
gests that cerebral injury has occurred can be divided into distinct 
groups on the basis of the nature of these symptoms, and for each 
group a chaiactenstic pathologic picture can be inferred with con- 
siderable accuracy 

4 Transient cerebral phenomena of malignant hypei tension that 
have pieviously been designated by terms such as “cerebral crisis” or 
“hypertensive encephalopathy” and ascnbed to vasospasm may often 
be associated with widespread destructive cerebral lesions 
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STATISTICAL STUDY OF TWO HUNDRED AND FIVE CASES AND 
DETAILED REPORT OF AN UNUSUAL CASE 

HAROLD J HOXIE, MD 
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CHARLES B COGGIN, MD 

LOS ANGELES 

Despite the fact that renal infarction has been thoroughly studied 
experimentally 1 and described m detail from the pathologic and clinical 
points of view , 2 it has rarely been diagnosed correctly during life This 
is because m the majority of cases there are no symptoms When 
clinical symptoms and signs do appear, they are alarming and produce 
difficulties m differential diagnosis which may result in the performance 
of unnecessary surgical procedures 

We have recently obseived an unusual case of renal infarction with 
hemoglobinuria and uremia This has stimulated us to review a group 
of autopsy records 

STATISTICAL STUDY 

Review of the protocols of 14,411 autopsies performed at the Los Angeles 
County Hospital during the past nine years revealed that renal infarcts were 
present in 205 patients, an incidence of 1 4 per cent The tiny pitted scars 
characteristic of lenal arteriosclerosis were not included as infarcts The presence 
of renal infarcts was diagnosed clinically in only 2 of the patients 

The ages of the patients ranged from 4 months to 88 years Five of the 
patients were infants less than 1 year of age One eighth of the patients were under 
30 years of age, and a little more than half were over 50 The ratio of males 
to females in the group did not differ significantly from that in the entire series 

From the Department of Medicine of the College of Medical Evangelists and 
the Los Angeles County Hospital 

1 Karsner, H T , and Austin, J H Studies m Infarction, JAMA 
57 951-958 (Sept 16) 1911 

2 (a) Desjacques, R, and Boijeau, A Les gros infarctus du rem, Lyon 

clnr 33 645-674 (Nov -Dec ) 1936 ( b ) Schildt, E Ueber den aseptischen, 

embolischen Nieremnfarkt, Acta chir Scandmav 70 299-352, 1933 (c) Lemierre, 

A Sur un cas d’infarctus renal, Prat med frang 13 711-724 (Oct,B) 1932 (d) 

Barney, J D, and Mintz, E R Infarcts of the Kidney, JAMA 100.1-6 
(Jan 7) 1933 (c) Danhiez, P Les grands infarctus renaux, J d’urol 23 481- 

495 (June) 1927 (/) Folsom, A I , and Alexander, J C Total Infarction of 

Right Kidney Fibrotic Atrophy of Left Kidney, Case Presentation, Urol & 
Cutan Rev 38 197-198 (March) 1934 ( g ) Schwartz, J Renal Infarcts Sur- 
gical Aspect of Bacterial Endocarditis, Am J Surg 39 70-76 (Jan) 1938 
( h ) Aschner, P W The Clinical Importance of Aseptic Infarction of the Kidney, 
Am J M Sc 164 386-401 (Sept) 1922 
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Ninety per cent of the patients were admitted to medical services, only 4 
were admitted to the urologic service This is in accord with the fact that 
the causative lesion is usually in the heart In 76 6 per cent of the 205 patients 
definite cardiac lesions were present Furthermore, of 242 patients with bacterial 
endocarditis in the entire series of 14,411 autopsies, 55, or 22 7 per cent, had 
embolic infarction of the kidneys 

The causes of occlusion of the renal vessels are recorded in table 1 
Four of the five infants had thrombosis of a renal vein with infarction of an 
entire kidney All four infants were emaciated and dehydrated incident to an 
acute infectious disease or malnutrition Marshall and Whapham 3 reported bilateral 
renal infarction m an infant, who died twenty days after the onset No defimte 
cause was found for the infarction 

Table 1 — Souiccs of Embolism oi Thiombosts of the Renal Vessels 


Cases 


Rheumatic heart disease with 

Fibrillation and subacute bacterial endocarditis 3 

Fibrillation without subacute bacteria! endocarditis 27 

Subacute bacterial endocarditis but no fibrillation 29 

Neither fibrillation nor subacute bacterial endocarditis 1 

Presence or absence of fibrillation not Known 4 

Coronary occlusion with mural thrombi 29 

Coronary occlusion without mural thrombi 6 

Sclerosis of aorta or renal arteries 24 

Acute bacterial endocarditis 20 

Pulmonary disease (empyema, infarcts, pneumonia) 7 

Auricular fibrillation with intracardiac thrombi 7 

Auricular fibrillation, no thrombi found 4 

Hypertensive heart disease without auricular fibnlla'tion 3 

Intracardiac thrombi, cause not found 6 

Syphilitic heart disease 1 

Syphilitic aortitis with bacterial vegetations^ ' 3 

Venous thrombosis 4 

AneuryMii of aorta 3 

Septicemia and pyemia 3 

Periarteritis nodosa 1 

Not known 20 


* These cases were reported by H E Martin and W L Adams Jr (Am Heart J 16 
714 [Dec] 1938) 

Seventy-thi ee patients had only one renal infarct each Two infarcts were 
present in each of 25 patients, and three or more in each of 105 

Bilateral infarction was found in 102 patients, infarction was present m the 
right kidney alone in 42 and in the left kidney alone in 56 These data seem to 
support the statement by Falci 4 that embolic occlusion is more frequent on the 
left side because the left renal artery forms an acute angle with the aorta 
No statement of the age of the infarcts was made m the records of 21 
patients The infarcts in 65 patients were classified as pale, those m 27, as both 
red and pale, those m 41, as red or recent, and those m 15, as both scars 
and recent infarcts In 36 patients only scars were present in the kidneys The 
frequency of healed infarcts (25 per cent) demonstrates that renal infarction does 
not necessarily indicate early death 

3 Marshall, S , and Whapham, E Case of Bilateral Renal Infarction in 
Newly Born Infant, Lancet 2 428-429 (Aug 22) 1936 

4 Falci, E Sur la necrose du rein, J d’urol 18 449-465 (Dec ) 1924 
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The size of the infarcts was not stated in 69 records They were less than 

1 cm in diameter m 25 patients and between 1 and 2 cm in 55 Thirty were 
classified as large and 22 as small One third of a kidney was infarcted in 
each of 3 patients, one half in 1 patient and an entire kidney or more m each 
of 9 patients 

Infarcts of other organs were present in 69 per cent of the patients The 
spleen contained notable infarcts in 91 instances, the brain in 51 and the lungs 
in 50 Other organs were much less frequently involved 

In only 117 records was microscopic examination of the urine mentioned, 
and in most of these it was stated that only one specimen had been examined 
The urine of 4 patients was grossly bloody Thirty-five patients, or about 
30 per cent of those whose urine was examined, had hematuria (These 35 do 
not include any who had calculi, infection or tumors of the urinary tract ) Twenty- 
five of the 35 patients also had albuminuria Albuminuria was recorded for 71 
of the 133 patients whose urine was tested 

Sixty-seven per cent of the patients had some degree of fever, but in only 

2 was the fever not explained by accompanying lesions Both of these patients 
had infarction of an entire kidney or more, and the fever was of moderate degree 

The blood pressure was above 140 systolic and 90 diastolic in 34 per cent of 
the patients, but in no instance could it be proved that the rise was due to the 
renal infarction 

In 35 histones it was stated that abdominal or back pain had been inquired 
about, and in 14 this symptom was recorded as present In 13 of the 14 patients 
either large or many small ones were present The pam was recorded as being 
on the same side as a unilateral infarct in 3 cases, in 3 other cases it was 
present on one side and infarcts were found in both kidneys 

Of 44 histories in which tenderness in the costovertebral angle was mentioned, 
the sign was recorded as present in 14 In 11 of the 14 patients large or many 
small infarcts were found In 2 patients the tenderness was on the same side as 
the unilateral infarcts and in 2 others tenderness on one side was associated 
with infarcts in both kidneys 

Six patients had nausea and vomiting, the degree of infarction was great 
in 5 of these 

In the histories of 9 patients mention was made of urinary symptoms not 
accounted for at autopsy by lesions other than renal infarcts Nocturia and 
frequency of urination were each mentioned m 3 histories, dysuna in 2 and oliguria 
ml 

Two patients had uremia Both had extensive infarction of both kidneys 


REPORT OF CASE 

At 6 p m on Jan 14, 1938, an unmarried Mexican woman, aged 38, began to have 
pain in the middle of the back It was aching in character at first, but within 
the next two hours it became severe and sharp and spread to the entire upper 
part of the abdomen At the onset she had four shaking chills and felt feverish 
She became very weak and dyspneic The pam did not decrease in severity, and 
she passed no urine until the afternoon of January 16, at which time the pain 
lessened, and she began to void frequently, each time passing small amounts of 
bloody urine There was no pam on urination 
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During the three days between the onset of pain and her admission to the 
hospital she was nauseated and had vomited about twenty-five times — at first 
food and later clear fluid, but never blood 

The patient had had three attacks of fever, with pain and swelling m the 
joints, at 6, 16 and 34 years of age Moderate dyspnea on exertion and occa- 
sional palpitation had persisted since the initial attack Edema of the ankles 
had been present for the past few years 

Examination — The patient appeared to be acutely ill She was moderately 
djspneic, and her lips and nails were cyanotic She was perspiring, and her 
skin was cold The veins of her neck were distended and pulsating Her tempera- 
ture was 96 8 F , pulse rate, 120 , respirations, 40 The blood pressure was 96 
systolic and 74 diastolic The percussion note was normal over both lungs 
There were bronchovesicular breath sounds and crepitant rales in the bases of 
both lungs posteriorly The area of cardiac dulness was widened to the left 
The apical rate was 174, the rhythm was absolutely irregular The heart sounds 
were distant The pulmonic second sound was accentuated There was an apical 
systolic murmur The abdomen was soft, distended and tympanic There were 
tenderness m both costovertebral angles and generalized abdominal tenderness, 
maximum in the flanks and in the epigastrium The tendon reflexes were normal 
There was no edema 

The leukocyte count was 19,250 on admission 

Approximately 5 cc of bright red and almost clear urine was obtained by 
catheter Benedict’s test for sugar was negative The urine showed coagulation 
and turned brown with Robert’s reagent Microscopic examination of the uncen- 
trifuged urine showed red blood cells and leukocytes — one or two of each per 
high power field When viewed under the spectroscope, the urine presented 
absorption bands characteristic of oxyhemoglobin 

The clinical impression on admission was rheumatic heart disease, with 
auricular fibrillation, and massive embolic infarction of the kidneys 

Cowse — Oxygen, warm blankets and morphine were used to counteract shock 
Nine grains (0 58 Gm ) of digitalis was given intravenously within twelve hours 
after admission No more digitalis was given On the morning after admission 
the blood pressure was 160 systolic and 106 diastolic The heart rate was 140 , 
the rhythm was more regular, with only short periods of fibrillation The same 
afternoon the heart rate was 70 and the rhythm regular The next morning the 
blood pressure was 146 systolic and 78 diastolic, the heart rate was 56 and 
regular A loud systolic and a rumbling diastolic murmur were now heard over 
the area of the mitral valve 

During the forty-eight hours following admission the patient voided only 
four times, each time passing very small amounts of bright red urine During 
the next two days she apparently had complete anuria 

From Jan 19 until her death on January 21, the patient gradually became 
irrational The lungs became more edematous, and rapid changes occurred in the 
electrocardiogram, which suggested myocardial infarction (fig 1) 

Postmortem Examination — Autopsy was performed one and one-half hours 
after death The weight of the body was 170 pounds (77 1 Kg ) , the length, 
64 inches (160 cm ) 

The heart weighed 400 Gm The epicardium was covered by a very thin 
fibrinous exudate, and there were many tiny petechiae over the anterior surface 
of the apex All the chambers except the left ventricle were dilated There was a 
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smooth thrombus 2 cm in diameter in the left auricular appendage (fig 2) The 
thickness of the wall of the left ventricle was 12 mm , and that of the right 
ventricle was 5 mm The mitral leaflets were thickened and adherent and the 
chordae tendmeae were shortened and greatly thickened The orifice of the mitral 
valve was of buttonhole appearance and was 6 cm m circumference The orifice 
of the aortic valve was also 6 cm in circumference, and the thickened leaflets 
were adherent at the commissures There were only a few atheromatous plaques 
in the aorta The pulmonary artery and its branches were thickened and 
arteriosclerotic 



Fig 1 — These tracings illustrate the rapid changes m the electrocardiograms 
of the case reported Lead IV is the precordial lead with the electrode over 
the apex, the positive deflection being downward The single complexes from 
B to F were cut to include exactly one cardiac cycle A, 10 a m , Jan 18 , a 
paroxysm of auricular fibrillation B, 2 p m, Jan 18 C, about 9 am, Jan 19 
D, about 9 a m, Jan 20 E, 2 pm, Jan 20 Note sinus arrest with \en- 
tricular escape in lead IV F, 9am, Jan 21, four hours before death 


The lungs, liver, gastrointestinal tract and spleen were normal except for mod- 
erate passu e congestion 





Fig 2 — Posterior view of the opened left auricle and ventricle The mitral 
valve (A) is narrowed and the leaflets thickened The thrombus ( B ) can be 
seen in the left auricular appendage 



Fig 3 — Posterior view showing antemortem thrombotic material in both 
renal arteries The right kidney has been cut through the pelvis The dark 
areas are hemorrhagic and the pale areas necrotic tissue 
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The kidneys together weighed 400 Gm The outer surfaces were mottled by 
large irregular hemorrhagic areas (fig 3) The normal markings at the cut 
surfaces were completely obliterated by large opaque pale areas and by irregular 
hemorrhagic zones The renal arteries were both occluded through their entire 
lengths by loosely adherent antemortem thrombi The bladder contained bloody 
urine 

The creatinine content of blood taken at autopsy was 14 mg per hundred 
cubic centimeters 



Fig 4 — Photomicrograph of a section of one of the columns of Bertin The 
small artery is thrombosed and the surrounding tissue is infiltrated with red 
blood cells and leukocytes The cells of the tubules in this region are not com- 
pletely necrotic Hematoxylin and eosin stain, X 105 

On microscopic examination, the heart and spleen appeared normal The lungs 
showed minimal bronchopneumonia In the kidney there was an area of reactive 
hyperemia below a narrow zone of partially necrotic tubules just under the 
capsule Below the area of hyperemia all the tissue was necrotic, except for 
some viable tubules, filled with hyaline material, in the columns of Bertin Many 
of the small veins and arteries were filled with thrombi (fig 4) 
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COMMENT 

Complete simultaneous bilateral embolic occlusion of the renal 
arteries must be rare Theie are several reports of oliguria, complete 
anuria and uremia due to extensive renal infarction, 5 but we have not 
been able to find a repoit of a case similar to ours 

The changes m the electi ocardiograms m the case which we have 
described resemble those observed by Master, Jafife and Dack 6 in a case 
of acute nephritis 

Hemoglobinuria following lenal infarction has been mentioned by 
Danhiez 2e and lately by Libman and Fishberg 7 Hemoglobin is liberated 
in the infarcted area by autolysis In another case of early infarction 
of an entire kidney we have been able to demonstrate free hemoglobin 
in the involved kidney 

SUMMARY AND CONCLUSIONS 

A case of complete simultaneous bilateral embolic occlusion of the 
renal arteries is repoited in detail 

In a series of 205 cases of renal infarction the most common causes 
for occlusion of the renal vessels were bacterial endocarditis, auricular 
fibrillation with mtra-auricular thrombi, coronary occlusion and arterio- 
sclerosis 

Clinical symptoms and signs were frequently absent When present 
they were usually associated with extensive infarction In only 2 cases 
of the 205 m the series was the diagnosis made ante mortem It thus 
appears that clinical diagnosis of this condition is to be based on 

( a ) Cardiovascular disease, this was noted in a little ovei four 
fifths of our material 

(&) Emboli in other oigans, these were noted in two thirds of our 
cases 

(c) Severe pain m the back, tenderness in the costovertebral angle, 
urinary complaints, nausea and vomiting 

( d ) Hematuria and impaired function of the affected kidney, m 
the absence of other reasonable causes 

The prognosis is usually that of the lesion causing the renal 
infarction 

5 (a) Lemierre, A , Laudat, M, and Laporte, A fitude de 1’azotemie, 
de la chloremie et de la secretion unnaire dans un cas d’mfarctus renal Remarques 
sur les indications et les effets de la cure de rechloruration, Bull et mem Soc 
med d hop de Paris 48 1224-1236 (July 18) 1932 ( b ) Lemierre 2c (c) Folsom 
and Alexander 2f 

6 Master, A M , Jaffe, H L , and Dack, S (a) The Electrocardiogram m 
Acute Nephritis, Am Heart J 12 244 (Aug) 1936, ( b ) The Heart in Acute 
Nephritis, Arch Int Med 60 1016-1027 (Dec ) 1937 

7 Libman, E , and Fishberg, A M Unilateral Hemoglobinuria Its Occur- 
rence in Infarction of the Kidney, Ann Int Med 11 1 344-1347 (Jan ) 1938 



DISTURBANCES OF RATE AND RHYTHM IN 
HYPERTENSIVE HEART DISEASE 


NATHAN FLAXMAN, MD 
Clinical Associate in Medicine, Loyola University Medical School 

CHICAGO 

The disturbances of rate and rhythm which occur in the course of 
hypertensive heart disease have been accorded little or no attention to 
date Extrasystoles of the ventricular type are considered common, but 
no figuies are available as to their frequency Of other rhythmic 
disturbances, White 1 reported that m a group of 708 cases of hyper- 
tensive heart disease auricular fibrillation was noted m 92 (13 per cent), 
paioxysmal tachycardia in 11 (15 per cent), auricular flutter in 2 (0 3 
per cent) and aunculoventricular block in 13 (18 per cent) The 
incidence of auncular fibrillation has been reported as 2 2, 2 13, 1 13 7 s 
and 25 3 per cent 4 

Arrhythmias other than ventricular extrasystoles, such as auricular 
flutter, the various tachycardias, nodal rhythm and heart block, have 
been reported infrequently m series of cases of hypertensive heart dis- 
ease, since they do not occur commonly m this condition Nor are 
reports of individual cases common Auricular flutter was noted as a 
result of hypertension in 12 (18 5 per cent) of 65 cases of flutter due 
to all causes 5 Isolated case reports of the various tachycardias have 
emphasized the arrhythmia and not the type of heart disease underlying 
the disturbance Textbooks on heart disease make no mention of nodal 
rhythm or of heart block occurring solely on the basis of the effects of 
hypertension on the heart 

From the Department of Medicine, Loyola University School of Medicine 

1 White, P D Heart Disease, New York, The Macmillan Company, 1934, 
p 396 

2 Janeway, T C A Clinical Study of Hypertensive Cardiovascular Disease, 
Arch Int Med 12*755 (Dec) 1913 

3 White, P D A Note on the Common Occurrence of Serious Involvement 
of the Heart m Hyper piesia, New England J Med 214 719, 1936 

4 Flaxman, N Auricular Fibrillation Its Influence on the Course of 
Hypertensive Heart Disease, J A M A 108 797 (March 6) 1937 

5 McMillan, T M, and Bellet, S Auricular Flutter, Am J M Sc 184 
33, 1932 
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In 1917 Musser 6 reported 2 cases of heaxt block associated with high 
blood pressure , aside from the work by Rosenthal, 7 it is the only report 
of its kind in the literature to date It is true that the disturbances of 
rate and rhythm probably occur with the same frequency m the common 
types of heart disease due to other causes, but they have certain charac- 
teristics m hypertensive heart disease which make them different 


ANALYSIS OF MATERIAL 


An analysis of the arrhythmias found in 800 cases of uncomplicated 
hypertensive heart disease is presented m this report (table 1) All types 
included, the incidence of the arrhythmias was 30 per cent The follow- 
ing irregularities were observed in 243 patients 



No of Patients 

Extrasystoles 

28 

Auricular 

6 

Nodal 

7 

Ventricular 

15 


Auricular fibrillation 
Auricular flutter 
Paroxysmal tachycardia 
Auricular 
Nodal 
Ventricular 
Nodal rhythm 
Wandering pacemaker 
Heart block 


1 

1 

1 


198 

3 

3 


4 

1 

6 


Prolongation of the PR interval (partial heart block), which was 
observed in 4 (0 5 per cent) of the 800 cases, will be considered in a 
subsequent article on the disturbances m conduction occurring m hyper- 
tensive heart disease Bundle branch block has been reported on m 
detail m a previous publication 8 

In the entire series of 800 patients, the ratio of men to women 
was 4 1 The same ratio applied to the 243 patients with the 
arrhythmias An exception was the group of patients with extrasystoles, 
in which the ratio of men to women was 27 1 

The combined type of ventricular (congestive heart) failure 
occurred in 72 per cent of the total number of patients and m 70 per 
cent of those with arrhythmias, so that the type of hypertensive heart 
failure, as a rule, made little difference The mortality m the two 

6 Musser, J H, Jr Heart Block Associated with High Blood Pressure, 
Arch Int Med 20 127 (July) 1917 

7 Rosenthal, S R Branch Arborization and Complete Heart Block, Arch 
Int Med 50*730 (Nov) 1932 

8 Flaxman, N The Course of Hypertensive Heart Disease III Sig- 
nificance of Bundle-Branch Block, Ann Int Med 11 1607, 1938 
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groups was about the same, 29 and 27 per cent, so that it was not the 
more seriously ill patients who had the arrhythmias 

Evtr asystoles — Extrasystoles occurred m 28 (3 5 per cent) of the 
total number of cases They were ventricular m 13 cases (table 2), 
auricular and nodal in 4, nodal and ventricular in 2, auricular in 4 and 
nodal m 5 (table 3). Multiple extrasystoles were the rule rather than 
the exception It has been said that the appearance of frequent 

Table 1 — Analysis of Cases of Arrhythmia in 800 Cases of Hypertensive 

Heart Disease 



Number 

Incidence 


of Cases 

Per Cent 

Total series 

800 


Arrhythmias 

243 

30 4 

Extrasystoles 

28 

3 5 

Auricular fibrillation 

19S 

24 8 

Auricular flutter 

3 

04 

Nodal rhythm 

4 

05 

Paroxysmal tachycardia 

3 

04 

Complete heart block 

6 

07 

Wandering pacemaker 

1 

01 


Ventricular Failure 



t 

Combined, 

Left, 


Sex Ratio, 

Per Cent 

Per Cent 

Mortality, 

M P 

of Cases 

of Cases 

Per Cent 

4 1 

72 

27 

29 

4 1 

70 

30 

27 

27 1 

67 

33 

35 

4 1 

70 

30 

25 

3 0 

100 

0 

33 

4 0 

50 

50 

50 

2 1 

66 

33 

33 

2 1 

33 

66 

33 

1 0 

ICO 

0 

0 


Table 2 — Multiple Ventricular Extrasystoles 


Duration of Ventricular 


Case 

Sex 

Age 

Symptoms 

Failure 

1 

M 

53 

2 yr 

Combined 

2 

M 

58 

3 yr 

Left 

3 

M 

48 

1 mo 

Combined 

4 

M 

63 

2 wk 

Combined 

5 

M 

37 

6 mo 

Combined 

6 

M 

45 

1 yr 

Combined 

7 

M 

49 

3 mo 

Combined 

8 

M 

72 

3 mo 

Combined 

9 

M 

71 

6 mo 

Combined 

10 

M 

72 

2 yr 

Left 

11 

M 

65 

6 mo 

Combined 

12 

M 

63 

5 yr 

Combined 

13 

M 

69 

2 wk 

Combined 


Size of 

Heart, Heart 


Cm 

Rate 

Outcome 

20 

90 

Death, congestive heart failure 

18 

80 

Regular rhythm 

18 

90 

Regular rhythm 

18 

70 

Regular rhythm 

23 

SO 

Death, cerebral hemorrhage 

22 

82 

Regular rhythm 

20 

92 

Death, congestive heart failure 

18 

86 

Regular rhythm 

20 

110 

Death, congestive heart failure 

22 

100 

Regular rhythm 

22 

100 

Regular rhythm 

22 

100 

Regular rhythm 

20 

120 

Regular rhythm 


ventricular extrasystoles may be the forerunner of ventricular tachy- 
cardia, but this did not occur m my series Only 2 of the 19 patients 
with premature ventricular beats had a bigeminal rhythm No instances 
of trigeminal or quadrigeminal cycles were noted The extrasystoles, 
except m the 2 cases of bigeminal rhythm, arose from multiple foci m 
the heart muscle The immediate mortality, 35 per cent, was higher 
than m the entire series Ten of the 28 patients with premature beats 
died while the arrhythmia was present In 8 (80 per cent) of these 
10 cases the cause of death was congestive heart failure; m 1 it was 
coronary occlusion, and m the other, a cerebral hemorrhage 
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In only 3 of the 10 patients who died did the extrasystoles anse not 
only from multiple foci but also from several sources in the heart 
(auricle and ventricle m 2 and aunculoventricular node and ventricle 
m 1), so that this factor did not enter into consideration The small 
difference in the mortality and the slightly higher number of deaths due 
to congestive heart failure in this group than in the entire series did not 
indicate that premature beats weie of great clinical importance in the 
course of hypertensive heart disease However, it should be kept m 
mind that they may be confused with auncular fibrillation, since they 
tend to be multifocal in oiigm 


Table 3 — Otha Types of Exit asystoles 






Duration 
of Symp- 

Ventriculnr 

Size of 
Heart, 

Heart 


Case 

Sex 

Age 

Type of Beats 

toms 

Failure 

Cm 

Rate 

Outcome 

1 

M 

49 

Auricular and 
ventricular 

2 mo 

Combined 

20 

11G 

Death, congestive heart 
failure 

2 

M 

65 

Auncular and 
ventricular 

3 yr 

Left 

23 

SO 

Compensation 

3 

M 

49 

Auricular and 
ventricular 

2 mo 

Combined 

20 

11G 

Death, congestive heart 
fniiuro 

4 

M 

G5 

Auricular and 
ventriculnr 

3 jr 

Left 

23 

SO 

Compensation 

5 

F 

33 

Nodal and 
ventriculnr 

2 wk 

Combined 

18 

130 

Compensation 

6 

M 

75 

Nodal and 
ventricular 

5 jr 

Left 

1') 

no 

Death, congestive heart 
failure 

7 

M 

47 

Auricular 

1 vvk 

Left 

18 

90 

Death, coronnrj throm- 
bosis 

8 

M 

GS 

Auricular 

1 wk 

Left 

18 

90 

Compensation 

9 

M 

74 

Auricular 

2 mo 

Left 

23 

88 

Compensation 

10 

M 

68 

Auricular 

1 yr 

Combined 

20 

100 

Compensation 

11 

M 

50 

Nodal 

1 yr 

Left 

18 

100 

Compensation 

12 

M 

G3 

Nodal 

6 Wk 

Combined 

23 

SO 

Compensation 

13 

M 

66 

Nodal 

2 yr 

Combined 

17 

SO 

Death, congestive heart 
failure 

14 

M 

56 

Nodal 

5 yr 

Combined 

18 

no 

Compensation 

15 

M 

70 

Nodal 

1 mo 

Combined 

18 

no 

Death, congestive heart 
failure 


Auricular Fibrillation — In a previous study of the influence of 
auricular fibrillation on the course of hypei tensive heart disease, 4 the 
incidence was found to be 25 3 per cent It was noted that the irregu- 
larity was not a late manifestation entirely, since it occurred with equal 
frequency in all groups of patients The incidence of auncular fibrilla- 
tion in the present series was appi oximately the same as in 198 (24 8 
per cent) of the 800 patients The latio of men to women was 
again 4 1 

Auricular fibrillation definitely influenced the course of the disease in 
54 patients (27 3 per cent) m whom the rapid irregularity preceded and 
precipitated the congestive heart failure, and m 10 (18 5 per cent) of 
whom it led to early death from this cause, within one month after the 
onset When the auricular fibrillation occurred after congestive heart 
failure had been present from one month to several years, it had no 
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apparent influence on the course of the disease except m relation to the 
cause of death and the comparative absence of additional complications 
commonly appearing m hypertensive patients 

The lowest mortality, 25 per cent, occuried in patients with auricular 
fibrillation, mainly because of the rarity of coronary thrombosis The 
cause of 45 (81 8 per cent) of the 55 deaths (table 6) was congestive 
heart failure Coronary thrombosis caused only 2 deaths among these 


Table 4 — Ages of Patients at the Onset of Aut tcular Fibrillation 


Ages 

Men 

Women 

Total 

Per Cent 

31 to 40 

3 

5 

8 

41 

41 to SO 

43 

9 

52 

26 2 

51 to 60 

67 

16 

83 

41 9 

61 to 70 

34 

13 

47 

23 7 

71 to 80 

6 

2 

8 

41 

Totals 

153 

45 

198 

100 0 

Table 5 — 

-Ages of Patients zvith Aunculai Fibnllation at 

Time of Death 


Ages 

Men 

Women 

Total 

Per Cent 

31 to 40 

0 

2 

2 

36 

41 to 50 

6 

1 

7 

12 7 

51 to 60 

24 

6 

30 

54 6 

61 to 70 

10 

2 

12 

218 

71 to 80 

2 

2 

4 

73 

Totals 

42 

13 

55 

1C0 0 


Table 6 — Causes of Death of 55 Patients n nth Aunculai Fibt illation 


Causes 

Men 

Women 

Total 

Per Cent 

Congestive heart failure 

33 

12 

45 

81 8 

Uremia 

2 

1 

3 

5 5 

Cerebral hemorrhage 

1 

0 

1 

18 

Coronary thrombosis 

2 

0 

2 

36 

Miscellaneous 

3 

1 

4 

73 

Totals 

41 

14 

55 

100 0 


patients with auricular fibrillation The antagonism between auricular 
fibrillation and coronary thrombosis is not clear, but it has been noted 
before by Levine 9 and by Parkinson and Campbell 10 

Auncular Flutter — There were 3 patients with auricular flutter, 1 of 
whom died of congestive heart failure during the attack of the 
arrhythmia (table 7) The condition m the other 2 was converted to 

9 Levine, S A Coronary Thrombosis, Medicine 8 245, 1929 

10 Parkinson, J , and Campbell, M Paroxysmal Auricular Fibrillation 
Quart J Med 23 67, 1930 
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sinus rhythm by means of digitalis and quimdine, but the 65 year old 
man failed to respond 

Nodal Rhythm — There were 4 hypertensive patients with nodal 
rhythm (table 8) and 1 with a wandering pacemaker The arrhythmias 
persisted, and 2 of the 5 patients died, 1 of congestive heart failure and 
the other of coronary occlusion The heart rate was normal, from 
66 to 100, m all 5 patients, and neither digitalis nor qumidme affected 


Table 7 — Auricular Fluttei 


Duration of Ventricular 


Case 

Sex 

Age 

Symptoms 

Failure 

1 

M 

59 

3 yr 

Combined 

2 

M 

65 

3yr 

Combined 

3 

M 

52 

4 mo 

Combined 


Size of 



Heart, 

Heart 


Cm 

Rate 

Outcome 

16 

320 ICO 

Condition converted to 
sinus rhythm 

22 

300 100 

Death, congestive heart 
failure 

18 

300 150 

Condition converted to 
sinus rhythm 


Table 8 — Nodal Rhythm and Wanda mg Pacemaka 


Size of 





Duration of 

Ventricular 

Heart, 

Heart 


Case 

Sex 

Age 

Symptoms 

Failure 

Cm 

Rate 

Outcome 





Nodal Rhythm 



1 

M 

08 

4 yr 

Combined 

20 

70 

Compensation 

2 

M 

56 

2 wk 

Left 

22 

90 

Compensation 

3 

M 

62 

1 yr 

Combined 

20 

100 

Death, coronary thrombosis 

4 

M 

47 

3 mo 

Left 

19 

66 

Death, congestive heart failure 





Wandering Pacemaker 


1 

M 

38 

8 mo 

Combined 

21 

116 

Compensation 


Table 9 — Pai oxysmal Tachycardia 


Case 

Sex 

Age 

Type of 
Tachycardia 

Duration 

of 

Symptoms 

Ventricular 

Failure 

Size of 
Heart, 
Cm 

Heart 

Hate 

Outcome 

1 

F 

43 

Auricular 

6 mo 

Combined 

18 

190 

Regular rhythm 

2 

M 

42 

Nodal 

3 wk 

Left 

19 

100 

Death, uremia 

3 

M 

67 

Ventricular 

4 mo 

Combined 

20 

170 

Regular rhythm 


the nodal rhythm In those who recovered compensation was effected 
by use of digitalis, but the rhythm remained governed by the auriculo- 
ventncular node Vischer and Lowell 11 reported a case of auriculo- 
ventncular rhythm in a 46 year old man, with decompensation and 
symptoms of two years’ duration , the blood pressure was 210 systolic 
and 130 diastolic and the cardiac rate 52, but death occurred three days 
after admission to the hospital 

11 Vischer, C V , and Lowell, L L Auriculoventncular Nodal Rhythm, 
Ann Int Med 5 1010, 1932 
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Paroxysmal Tachycardia — Only 3 instances of paroxysmal tachy- 
cardia were noted among the 800 patients, an incidence of 0 4 per cent 
The ventricular rates were 190, 100 and 170 for each of the three types 
auncular, nodal and ventricular, respectively (table 9) Schwab 12 
reported 3 cases of paioxysmal tachycardia, m the first 2 of which 
the patients had hypertensive heart disease His second patient had a 
nodal rhythm and died of uremia The second patient m my series, a 
42 year old man with nodal tachycardia, also died of uiemia Both 
patients with paroxysmal tachycardia, 1 with the auricular and the 


Table 10 — Complete Heart Block 


Case 

Sex 

Age 

Duration 

ot 

Symptoms 

Ventricular 

Failure 

Size ot 
Heart, 
Cm 

Heart 

Rate 

Outcome 

l 

M 

55 

1 wk 

Lett 

10 

70 19 

Death during attack ot 

2 

F 

65 

6 yr 

Left 

IS 

64 32 

Adams-Stokes disease 
Compensation 

3 

F 

41 

6 mo 

Combined 

19 

70 35 

Death, congestive heart 

4 

M 

70 

3 yr 

Left 

IS 

90 45 

failure 

Compensation 

5 

M 

77 

6 wk 

Left 

20 

84 42 

Compensation 

6 

M 

64 

l yr 

Combined 

23 

90 45 

Compensation 


Table 11 — Heart Rate m 422 Cases of Hypertensive Heart Disease with 

Regular Rhythm 



Normal 

Sinus 

Sinus 


Rate 

Tachycardia 

Bradycardia 

Number of cases 

191 

222 

9 

Incidence 

45 3% 

52 6% 

21% 

Ratio, male female 

46 1 

24 1 

9 0 

Congestive heart failure 

60 7% 

801% 

55 5% 

Mortality 

20 3% 

39 2% 

22 2% 

Average ventricular rate 

61 99 

100 150 

50 60 


other with the ventricular type, lecovered with compensation after 
quinidine had corrected the marked rhythmic disturbance 

Heart Block — Six hypertensive patients had complete heart block, 
with ventricular rates between 19 and 45 beats per minute (table 10) 
Five of the 6 had a 2 1 block The sixth patient, who had a 4 1 block, 
with a ventricular rate of 19 beats per minute, died during an attack 
of Adams-Stokes syndrome one week after the onset of isolated left 
ventricular failure Another patient died of congestive heart failure 
six months after the heart failure and the complete block had appeared 
The othei patients were alive six weeks, one year, three yeais and six 
years, lespectively, after the block became established 

12 Schwab, E H Observahons on the Etiology and Treatment of Paroxysmal 
ventricular Tachycardia, Am Heart J 6 404, 1931 
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Association of Auhythimas — No combination other than auricular 
fibrillation associated with bundle branch block was noted among the 
243 patients with the arrhythmias The absence of associated distur- 
bances was probably due to the lack of acute physiologic and pathologic 
changes m the heart muscle or in its blood supply This leads to the 
important consideration that once a permanent arrhythmia develops m 
the heart of a patient with hypertension other disturbances of rhythm 
do not appear, for instance, in patients with acute conditions of the 
coronary arteries, 13 acute changes in the blood supply and in the heart 
muscle often lead to the occurrence of two or more arihythmias simul- 
taneously, in close association or m succession 

Normal Heait Rate — In 191 patients (45 3 per cent of 422 with 
regular sinus rhythm) the heart rate was between 61 and 99 beats per 
minute during the entiie period of observation (table 11) Combined 
ventricular (congestive heart) failure occuired in 60 7 per cent of these 
patients The mortality was 20 3 per cent With the normal rate and 
rhythm and the lowei incidence of combined ventricular failure, 23 
(58 7 per cent) of the 39 deaths were due to congestive heart failure 
However, a hypertensive patient in whom caidiac failure developed and 
whose heait rate remained regular and did not go above 99 beats per 
minute had a good chance to recover completely 

Sinus Tachycai dia — The importance of tachycaidia as a prognostic 
sign and as an index of hypertensive heart failure has not been men- 
tioned heretofore With the cardiac rate between 100 and 150, as it 
was in 222 (52 6 per cent) of the 422 patients with regular sinus rhythm, 
the incidence of combined ventricular (congestive heait) failure rose 
to 80 1 per cent and the mortality to 39 2 per cent This was a 20 per 
cent increase, both in the incidence of congestive heart failure and in 
the mortality over the values for patients with a normal heart rate 
The ratio of the causes of death m the two groups lemamed in 
proportion 

Simple Bradycardia — Exclusive of the cases of heart block, 9 men 
(2 1 per cent) had a persistent heart rate between 50 and 60 beats per 
mmute In 5 of these (55 5 per cent) congestive heart failure developed, 
and the mortality was 22 2 per cent There was little difference as to 
the degree of failure and the mortality between those who had simple 
bradycardia and those who had a normal heart rate 

SYMPTOMS 

Frequently the first definite indication of cardiac involvement was 
the appearance of an arrhythmia In one fourth of the patients who 
had auricular fibrillation the arrhythmia was the first sign, and because 

13 Master, A M , Dack, S , and Jaffe, H L Disturbances of Rate and 
Rhythm in Acute Coronary Artery Thrombosis, Ann Int Med 11 735. 1937 



FLAXMAN—RATE AND RHYTHM IN HEART DISEASE 603 


of the rapid irregular rate, evidence of myocardial insufficiency appeared 
within a few days Although multifocal ventricular extrasystoles, 
auricular flutter and paroxysmal tachycardia were not as common, it 
was true also of them The rapid rate induced such symptoms as 
palpitation, breathlessness, weakness and occasionally precordial distress 
or even actual pam Severe symptoms were generally noted with the 
sudden onset of rapid fibrillation, auricular flutter or paroxysmal 
tachycardia The sudden onset and the appearance of the patient often 
gave the impression of acute coronary occlusion, but the quick improve- 
ment and the adaptation of the undamaged heart to the rapid ventricular 
late usually disproved the original diagnosis 

At the other extreme were the effects of a slow ventricular rate, 
as in complete heart block, which occasionally manifests itself clinically 
by attacks of the Adams-Stokes syncope, convulsions and coma This 
syndrome was an exceedingly rare occurrence during the course of 
hypertensive heart disease It was noted only once among 6 cases of 
complete heart block m my series One patient had no evidence of con- 
gestive heart failure, but died one week after the onset of the heart 
block, during an attack of the Adams-Stokes syndrome 

MECHANISM OF PRODUCTION OF ARRHYTHMIAS IN 
HYPERTENSIVE HEART DISEASE 

It is difficult to explain the occurrence of arrhythmias m a heart 
which shows no involvement other than hypertrophy of the muscle fibers 
and dilatation of the organ itself Of all the factors which seem neces- 
sary to initiate a cardiac arrhythmia, the important one here is impaired 
nutrition or altered metabolism of the heart muscles The relation of 
anoxemia to the arrhythmias is not easy to determine In evaluating 
the effects on the heart of acute thrombosis of the coronary arteries, 
it has been accepted as the mechanism behind the production of the 
arrhythmias However, in cases of hypertension in which no evidence 
can be found in the heart of definite disturbances in the muscle or m 
the blood supply, this theory is seriously questioned No doubt there 
are temporary deficiencies m nutrition of the heart and interference with 
the metabolic activities m order to bring about such marked disturbances 
m rate and rhythm 

The relationship between anoxemia and the cardiac irregularities was 
emphasized by Carter, Andrus and Dieuaide 14 No marked changes m 
the coronary arteries are necessary m order to have anoxemia of the 
heart muscle In hypertension the great increase m muscle mass, with 

14 Carter, E P , Andrus, E C , and Dieuaide, F R A Consideration of 
the Cardiac Arrhythmias on the Basis of Local Circulatory Changes Arch Int 
Med 34 669 (Nov ) 1924 ' 
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the demand for a greater capillary blood supply, is generally met and 
compensated for by enlargement of the heait When the rate is normal 
there is difficulty only after many years When the rate becomes rapid 
local anoxemia is more apt to occur and to induce arrhythmia Anoxemia 
leads to the local accumulation of lactic acid, which interferes with the 
development of the excitatory process and its normal propagation Thus 
there may be a local area in which diminished conductivity or spon- 
taneous excitation may give rise to an ectopic rhythm In particular, 
anoxemia may decrease the refractory period in the auricles, leading 
to the “circus movements” of auricular fibrillation and flutter 

The relationship of heart failure to arrhythmias, especially auricular 
fibrillation, has been discussed by Luten 12 He stated that the tachy- 
cardia which occurs m heart failure is a compensatory mechanism and 
that auricular fibrillation usually is secondary to, and not the cause of, 
the heart failure He expressed the belief that in the presence of 
auricular damage dilatation and stretching of the auricular wall from 
increased mtra-aui lcular pressuie associated with ventricular insuffi- 
ciency is the predisposing factor in the production of auncular fibrilla- 
tion The same explanation could be applied to auricular flutter and 
auncular tachycardia Vaquez 10 and Nahum and Hoff 17 also concluded 
that auricular distention is responsible for the frequent association of 
auricular fibrillation and heart failure 

Tachycardia often develops in the presence of a hypertioplnc heart 
and usually brings on premature failure 18 During diastole the left 
ventricle receives its blood supply, and an increase in heart rate interferes 
with the oxygenation of the heait muscle fibers The tachycardia not 
only goads the weak muscle to more frequent contractions but deprives 
the harassed myocardium of adequate nourishment The importance of 
this mechanism of heart failure in hypertensive heart disease, and not 
that of ventricular failure plus auricular distention, is substantiated In 
over one fourth of patients with hypertensive heart disease the fibrilla- 
tion preceded and precipitated the congestive heart failure It was in 
such patients that the arrhythmia influenced the course of the disease 
The fibrillation had no influence on the ultimate couise of the disease 

15 Luten, D The Relationship of Tachycardia to Cardiac Insufficiency, Am 
Heart J 12 435, 1936 Luten, D , and Jeffreys, E O The Clinical Significance 
of Auricular Fibrillation, JAMA 107 2099 (Dec 26) 1936 

16 Vaquez, H Diseases of the Heart, Philadelphia, W B Saunders Com- 
pany, 1924, p 603 

17 Nahum, L H , and Hoff, H E Auricular Fibrillation m Hyperthyroid 
Patients Produced by Acetyl-/3-Methyl choline Chloride, with Observations on the 
Role of the Vagus and Some Exciting Agents m Genesis of Auricular Fibrillation, 

J A M A 105 254 (July 27) 1935 

18 Murphy, F D , Woods, R M , and Grill, J Hypertensive Heart Disease, 
Minnesota Med 20 627, 1937 
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among those m whom the congestive heart failure was present befoie 
the airhythmia appeared Also, m those with auricular flutter or with 
paroxysmal tachycardia the arrhythmia invariably preceded and pre- 
cipitated the heart failure Lastly, the fact that the rhythm remains 
regular m the majority of cases of hypertensive heart failure, even in 
some of the severest forms, speaks against the theory of auricular dis- 
tention Heart failure with dilatation of the auricle probably exerts 
little or no influence m the initiation of the arrhythmias m hypertensive 
heart disease The irregularities are moie prone to induce the myo- 
cardial insufficiency and precipitate the hypertensive failure 

PROGNOSIS 

In general, hypertensive patients with a cardiac arrhythmia had a 
little better prognosis than those with regular rhythm, mainly because 
of the infrequency of coronary thrombosis Exceptions were patients 
with multifocal extrasystoles and nodal rhythm From the standpoint 
of incidence, auricular fibrillation was the most important arrhythmia 
It had the lowest mortality, death occurring mainly among those in whom 
the irregularity preceded and precipitated the congestive heart failure 
As to the other arrhythmias noted in table 1, the number of cases was 
too small to allow any general conclusions 

TREATMENT 

Since the arrhythmias in hypertensive heart disease invariably indi- 
cate imminent failure of the hypertrophic heart or occur m the presence 
of insufficiency, and since they are usually permanent, specific treatment 
with digitalis is almost always necessary The only other specific drug 
of value m the therapy is qumidme sulfate, which is especially useful 
in cases in which auricular fibrillation is the first sign of cardiac involve- 
ment In the absence of congestive heart failure qumidme sulfate is 
the drug of choice for the treatment of the common arrhythmias 

With the exception of those with the auricular and ventricular types 
of paroxysmal tachycardia, digitalis is given to all patients with hyper- 
tensive heart failure, regardless of whether it is the common combined 
ventricular type, the less common isolated left ventricular type or the 
uncommon isolated right ventricular type Rest m bed is advised and 
morphine given, depending on the severity of the symptoms associated 
with the heart failuie Sedatives were used extensively for all the 
patients m this series, legardless of the fact that many were ambulatory 
during the treatment for the arrhythmia 

SUMMARY 

The study of 243 cases of airhythmia among 800 cases of hyper- 
tensive heart disease, an incidence of 30 per cent, is reported 
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The most common anhythmia was auricular fibrillation, it occurred 
m 198 (81 5 per cent) of the 243 patients It had the best prognosis 
except in cases in which the fibrillation pieceded and precipitated con- 
gestive heart failure 

Arrhythmia may occur at any time during the couise of hypertensive 
heart disease and often is the first indication of cardiac involvement 
It does not tend to show spontaneous remission, to change m character 
or to become associated with or followed by another type of arrhythmia 
The mortality among patients with arrhythmias was lower than 
among those with regular sinus rhythm, owing to the comparative 
absence of coronary thrombosis Seventy-five per cent of the patients 
with auncular fibrillation, 66 per cent of those with auricular flutter, 
paroxysmal tachycardia or complete heart block, 65 per cent of those 
with extrasystoles and 50 per cent of those with nodal rhythm survived, 
some of them for a considerable number of years 

The cardiac rate was impoitant as a prognostic sign because the 
mortality among those with a regular rate above 100 beats per minute 
was 39 2 per cent, while those with a regular normal rate had a mor- 
tality of 20 3 pei cent Of the patients with sinus tachycardia, 80 per 
cent had combined ventricular (congestive heart) failure, as compared 
with only 60 per cent of those who had a normal sinus rate and rhythm 
Since the arrhythmia often led to myocardial insufficiency, if this was 
not evident already, and tended to be permanent, treatment with digitalis 
or quimdine sulfate was necessary Digitalis was indicated when the 
symptoms or signs or both of congestive heart failure weie present 
regardless of the arrhythmia (with the exception of auricular or ven- 
tricular types of paroxysmal tachycaidia) Quimdine was indicated 
especially for the treatment of auricular fibrillation or paroxysmal 
tachycardia in the absence of signs of congestive heart failuie 
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CLINICAL CHARACTERIZATION OF PRIMARY CAR- 
CINOMA OF THE BODY AND TAIL 
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Carcinoma of the body and tail of the pancreas is by no means a 
rarity, yet its diagnosis is felt to be difficult because physical findings 
are commonly absent and the symptom complex is vague m many of 
the cases 

The clinical characteristics of pnmary neoplasm of the head of the 
pancreas have been recognized since Dieulafoy 1 described jaundice due 
to obstruction of the common bile duct In 1908 Chauffard 2 differen- 
tiated between the cancer involving the head of the panel eas, termed 
pancreatico-bihcnre , and that involving the body and tail, designated 
pancreatico-solaire The latter characterization was based on the 
supposed localization of the pam m the region of the solar plexus, as a 
result of invasion by the pancreatic tumor This type of pam, however, 
is observed only m isolated instances 

Several observers have described a definite mental pattern of anxiety, 
nervousness, depression and insomnia in patients suffering from car- 
cinoma of the pancreas 3 Some of these patients have been labeled as 
psychoneurotic, yet, despite the absence of objective findings, the pam 
has been so constant as to arouse suspicion of a definite organic lesion 4 

Between the years 1926 and 1935, inclusive, the opportunity was 
afforded us to observe 19 patients with carcinoma of the body and tail 
of the pancreas We have analyzed our observations in an endeavor 
to foimulate more satisfactory diagnostic criteria 

From the Medical Division, the Mount Sinai Hospital, service of Dr George 
Baehr 

1 Dieulafoy, G Manuel de pathologie interne, ed IS, Pans, Masson & 
Cie, 1908, vol 2, p 1038 

2 Chauffard, M A Le cancer du corps du pancreas, Bull Acad de med , 
Pans 60 242, 1908 

3 (a) Yaskm, J C Nervous Symptoms as Earliest Manifestations of 

Carcinoma of the Pancreas, J A M A 96 1664 (May 16) 1931 (b) Latter, 

K A, and Wilbur, D L Psychic and Neurologic Manifestations of Carcinoma 
of the Pancreas, Proc Staff Meet , Mayo Clin 12 457, 1937 

4 Bourne, G Pam as the Only Sign of Pancreatic Carcinoma Lancet 
2 1326, 1936 
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ANALYSIS OF PHYSICAL FINDINGS 

One hundred and twenty-two cases of primary malignant neoplasm of the 
pancreas, m which the diagnosis was confirmed by laparotomy or necropsy, have 
been studied From among these, 19 cases m which the neoplasm involved 
primarily the body and tail of the pancreas have been selected as suitable for 
study 4a The clinical data are summarized in table 1 


Table 1 — Clinical Data 


Dura Gastrointestinal 

tlon of Symptoms Loss of 

Symp , ^ Weight 

toms. Presenting fivmntom Ann. Vomit- TUnhetec * 


Case 

Sex 

Age, 

Yr 

toms, 

Mo 

Presenting Symptom 
at Onset 

Ano- 

rexia 

Vomit- Diabetes, 
ing Duration 

r ' 

Lb 

\ 

Mo 

1 

F 

50 

1 

Ascites, edema of legs 

+ 

0 

9 mo 

40 

18 

2 

M 

47 

5 

Abdominal pain 

+ 

0 


40 

2 

3 

M 

47 

4 

Epigastric pain 

+ 

0 

17 yr 

16 

4 

4 

M 

49 

6 

Epigastric pain 

+ 

0 


36 

5 

5 

M 

69 

2 

Lumbar pain 

+ 

0 


21 

2 

6 

F 

55 

3 

Asthenia 

+ 

0 

8 yr 

15 

3 

7 

M 

60 

3 

Epigastric pain 

+ 

0 


20 

3 

8 

M 

42 

m 

Pain in left lower 
quadrant of abdomen 
and lumbar pain 

+ 

0 


20 

2 

9 

M 

65 

2 

Swelling of left lower 
extremity 

+ 

0 




10 

F 

59 

3 

Abdominal pain 

+ 

0 


26 

24 

11 

U 

52 

1% 

Lower posterior thor 
aclc pain 

+ 

0 


15 

2 

12 

F 

56 

5 

Pain in left lower 
quadrant 

+ 

0 


33 

5 

13 

F 

47 

37 

Anorexia, pain in left 
thigh 

0 

0 




14 

M 

69 

% 

Pain in left upper 
quadrant of abdomen 

+ 

+ 

2 wL 

70 

4S 

15 

M 

37 

5 

Umbilical pain 

4* 

0 


28 

4 

16 

M 

24 

12 

Epigastric pain 

+ 

0 


20 

24 

17 

M 

50 

1 

Lumbnr pain 

+ 

0 


20 

1 

18 

M 

53 

5 

Abdominal pain 

F 

0 




19 

F 

53 

30 

Epigastric pain, vom 

+ 

4- 


60 

30 


iting 


4a These 19 cases, in which only the body and tail of the pancreas were 
involved, comprise IS per cent of the 122 cases of pancreatic carcinoma This 
incidence may be compared with the percentages reported by others 46, by Hick 
and Mortimer, 5 32, by Eusterman and Wilbur, 0 and 33, by Riese 7 The lower 
incidence in our series probably is a result of a stricter selection of cases, which 
eliminated, as a rule, those in which the head of the pancreas was also involved 
Isolated instances in which the involvement of the head of the pancreas was 
terminal have been included 

5 Hick, F K, and Mortimer, H M Carcinoma of the Pancreas, J Lab 
& Clin Med 19 1058, 1934 

6 Eusterman, G B , and Wilbur, D L Primary Malignant Neoplasm of 
the Pancreas Clinical Study of Eighty-Eight Verified Cases Without Jaundice, 
South M J 26 875, 1933 

7 Riese, H Die Chirurgie des Pankreas, in Kirschner, M , and Nordmann, 
O Die Chirurgie, Berlin, Urban & Schwarzenberg, 1927 
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Age and Sex — There were 12 male and 7 female patients in the series There 
was 1 man m the third and 1 in the fourth decade of life, 4 men and 1 woman 
in the fifth, 4 men and 4 women m the sixth, and 2 men and 2 women m the 
seventh Of the 7 patients under SO years, all but 1 were males 

Dmation of Symptoms — Symptoms were present for from three weeks to 
approximately a year before hospitalization Two patients with malignant degen- 
eration of pancreatic cysts had symptoms of longer duration — two and one-half 
and three years, respectively 

Mode of Onset — In 15 of the 19 patients the presenting symptom was some 
type of pain In the remaining 4 the initial symptoms were, respectively, anorexia, 
asthenia, ascites and swelling of the lower extremities 

Weight Loss — For 15 patients loss of weight was accurately recorded, nine 
of these lost weight over a period of four months or less , the loss ranged between 
15 and 40 pounds (7 and 18 Kg ) and averaged 21 5 pounds (9 5 Kg ) The 
remaining 6 patients lost weight over a penod of four to thirty months, the 
loss ranged between 20 and 50 pounds (9 and 22 5 Kg ) and averaged 34 pounds 
(15 5 Kg) 

Distnbut ion of Pain — Of the 18 patients who exhibited pam at some time 
during their clinical course, 13 had abdominal pam This pam was diffuse in 3 , 
in 6 it was restricted to the epigastrium, in 2 to the left upper quadrant, in 1 
to the left lower quadrant and in 2 to the umbilicus 

Lumbar pam occurred m 4 patients It was bilateral in 1, on the left side in 2 
and on the right side in the fourth There was radiation of the pain to both 
inguinal regions in 1 patient and to the outer aspect of the thigh m 2 patients 

In the remaining patient, an unusual distribution of pam was noted, encircling 
the left lower portion of the chest, from the lower thoracic spine around the 
left side of the hypochondnum to the xiphoid process 

Gastrointestinal Symptoms — Marked anorexia occurred in all but a single 
patient Vomiting occurred in but 2 patients Diarrhea did not occur, constipa- 
tion was noted in several patients 

Cough — Of 4 patients who exhibited cough as a symptom, in 2 it could be 
attributed definitely to neoplastic invasion of the lung and mediastinum In a 
third patient the cough was conditioned by associated bronchiectasis 

Ascites — In 6 patients ascites developed It was hemorrhagic in 4, in 2 it was 
the result of diffuse peritoneal metastases In 2 patients it was the result of direct 
extension of the neoplasm into the portal vein In 2 of the patients there was 
swelling of the lower extremities , in the first it resulted from thrombosis of the 
left common iliac vein, and in the second it was probably secondary to the ascites 

Associated Diabetes Melhtus — Impaired carbohydrate metabolism was noted in 
5 patients Diabetes melhtus had existed m 2 patients for seventeen and eight 
years, respectively In a third patient known diabetes had preceded the onset 
of the new symptoms by only nine months In the remaining 2 patients, dis- 
turbed carbohydrate metabolism became manifest by hyperglycemia or decreased 
tolerance as shown by the dextrose tolerance test or both 

Venous Thromboses — Six patients exhibited venous thromboses resulting mainly 
from direct neoplastic compression or extension In 1 patient the portal and 
splenic veins were involved In 2, the splenic vein alone, in another, mediastinal 
metastases had compressed the superior vena cava, with resulting thrombosis of 
this structure In the remaining 2 patients the thrombosis occurred m the left 
common iliac and in the left femoral vein respectively 
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Palpable Mass — In 9 of the 19 patients a definite epigastric mass was palpable 
at the time of admission In 2 others this finding was equivocal In the remaining 
8 patients palpation did not reveal any masses 

Enlargement of Livei and Spleen — In 13 patients the liver was enlarged to 
various degrees, as determined either by exploration or at postmortem examination 
In practically every instance the enlargement was directly associated with diffuse 
hepatic metastases 

The spleen was enlarged in 3 patients The greatest enlargement was the 
result of carcinomatous invasion and obliteration of the portal vein In another 
patient the splenic vein was obliterated through compression by the tumor In 
the third patient, the spleen was only slightly enlarged as a result of metastases 
within it 

ANALYSIS OF LABORATORY FINDINGS 

Hemoglobin Estimations — The hemoglobin content of the blood was determined 
in 18 of the 19 cases In 16 the hemoglobin content was above 70 per cent, in 7 
it ranged between 80 and 90 per cent, m 4, between 90 and 100 and in the 
remaining 5 between 70 and 80 

In the two instances m which the hemoglobin content fell below 70 per 
cent, it was 67 and 48 per cent, respectively The latter low level occurred in 
the youngest member of the group, who had been ill for one year and in whom 
widespread metastases had been present for many months 

Leukocytosis — In 11 of 18 cases the leukocyte count was 10,000 or more 
(10,400 to 28,800), and the percentage of polymorphonuclear cells ranged between 
66 and 92 In 2 of the remaining 7 cases the leukocyte count was less than 6,000 

Icteius Index — In 7 of the 9 instances in which the icterus index was determined 
it was normal 

Cholesterol Paitition — Cholesterol of the blood was determined in 8 cases, 
and in 7 the value was normal In a single instance hypercholesteremia (340 mg 
per hundred cubic centimeters) was present (case 11, table 2) In 5 instances 
the cholesterol ester fraction was determined and was found normal except in 1 
instance (case 5), in which the ester fraction decreased to a mere trace 

Blood Amylase — In 5 cases blood amylase was determined by the method of 
Elman 8 In 3 it was at the lower limits of normal In only 1 instance (case 11) 
was it increased — to 17 5 and to 15 units 

Blood Sugar — Estimations of blood sugar were made in 11 instances In 6 a 
normal level was found Hyperglycemia (145 to 395 mg of sugar per hundred 
cubic centimeters) was noted in the remaining cases In 3 instances dextrose 
tolerance was tested A sugar tolerance curve of the diabetic type was obtained 
in 2 cases (10 and 11) 

Occult Blood m Stool — The guaiac test for occult blood m the stool was made 
m 11 cases In only 2 did the test prove positive 

Roentgen Findings — In 9 cases the gastrointestinal tract was studied after 
a barium sulfate meal In 3, the findings were negative Of the remaining 6 cases, 
in 3 the examination showed gastric and prepyloric defects and in 3 duodenal 
distortion or defect 

8 Elman, R , Arneson, N, and Graham, E A Value of Blood Amylase 
Estimations in Diagnosis of Pancreatic Disease, Arch Surg 19 943 (Dec ) 1929 
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RESUME OF SIGNIFICANT FINDINGS 

A review of the more important findings in the analysis of our 
material indicates that carcinoma of the body and tail of the pancreas 
occurred m a significant percentage of cases of carcinoma of the pancreas 
in men under 50 years of age The outstanding symptoms were pam 
of various types, rapid loss of weight, marked loss of appetite and a 
tendency, in some patients, to a disturbance m carbohydrate metabolism 
similar to diabetes mellitus In half of the patients a definite abdominal 
mass was palpable In the majority of the patients there was hepatic 
enlargement and m a few splenic enlargement In over half the patients 
either ascites or venous thiomboses occuired Anemia was remarkable 
by its absence Roentgen examination of the gastrointestinal tract gave 
material diagnostic aid in the majority of the instances m which it was 
employed, gastric and duodenal distortion and defects were often 
demonstrable 

COMMENT 

Disease of the body and tail of the pancreas provides a great diag- 
nostic problem Buried deep m the abdomen and provided with a 
narrow duct through which a colorless secretion drains into the bowel, 
the pancreas challenges the scrutiny of the physician 

In about one sixth of the cases neoplastic disease of the pancreas 
involves the body and tail alone Because of the frequency of secondary 
or terminal invasion of the head it is likely that among cases of the 
disease m the earlier stages the percentage of cases in which the body 
and tail alone aie involved is greater Victims of the disease under 
the age of 50 are predominantly males 

Symptoms may be present for as long as one year before medical 
advice is sought by the patient, and when the malignant change super- 
venes on a pancreatic cyst the interval may extend to as long as three 
years 

Appreciable losses of weight (averaging 27 pounds) are character- 
istic So constant and striking has this finding been, that when the 
symptom is observed in the absence of other diseases that regularly 
produce loss of weight, such as diabetes, hyperthyroidism, tuberculosis, 
anorexia nervosa, sprue or demonstrable malignant growth, one should 
suspect and attempt to exclude tumor of the pancreas 

Pam — Because of the paucity of objective physical and laboratory 
findings m the disease, pam, which was present m 90 per cent of our 
patients, is a particularly important symptom A great variety of types 
of pam may occur, hence mistaken diagnoses of spondylitis, sciatic 
syndrome, intercostal neuralgia, renal calculus or diaphragmatic pleurisy 
may be made Pain was the presenting symptom in 80 per cent of our 
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patients and m 44 pei cent of the patients studied by Mussey 9 It was 
the only symptom in a case reported by Bourne 4 There are two mam 
components to the abdominal pain, an anterior upper abdominal and a 
posterior lumbar radiation Eusterman and Wilbur 6 studied the radia- 
tion of pain in 62 patients with malignant tumor of the pancreas and 
found that in one third of them the pain radiated to the back either 
directly or around the costal margins In another one third of the 
patients the pain did not radiate In 9 patients the pam radiated to the 
upper quadrants of the abdomen, to the left in 4 and to the right in 5 
A rare but interesting radiation is toward one or the other thigh Hick 
and Mortimer c reported a case m which the tumor tissue had invaded 
both ureters, from retroperitoneal metastases, thus producing hematuria 
and pain radiating to the groins One patient in our series presented 
a similar type of radiation of pam, and necropsy revealed that the ureter 
was invaded by the tumor 

When the pain radiates toward the right side it may simulate that 
of gallbladder disease When it is persistently epigastric and radiates 
through to the back it simulates that of a penetrating lesion of the 
stomach, either an ulcer or a carcinoma , frequently, however, the pam 
is unrelated to events of the digestive cycle It often extends bandlike 
around the left side as a girdle zone, involving a somatic area innervated 
by the eighth to eleventh dorsal nerves, and simulates the segmental 
pain of radiculitis and spondylitis 10 (case 11) Katsch 11 reproduced 
pam typical of pancreatic disease by instilling 2 to 4 cc of ether into 
the duodenum The weight of the food-filled stomach pressing against 
the celiac plexus in some cases further increases the irritation of this 
structure and elicits pam Similarly, lying supine or leaning backward 
produces pressure which causes deep-seated epigastric pam extending 
to the back and radiating as if along the course of a lower intercostal 
nerve The initial left-sided pam is probably conditioned by implication 
of the splenic nerve and its branches, when the entire solar plexus is 
invaded the pam takes the typical location, median, transverse and 
supraumbilical 

Latter and Wilbur 3b recently characterized the pam as more closely 
resembling that of lesions of the nervous system, such as root pam, than 
that of visceral disease 

Chauffard referred to pains, simulating “gastric crises,” of bulbo- 
spinal origin and also a “pseudo-aneurysmal” type He also pointed out 

9 Mussey, R D Pancreatic Carcinoma, M Clin North America 3 681, 

1919 

10 Katsch, G Krankheiten der Bauchspeicheldruse, in Lehrbuch der inneren 
Medizm, ed 3, Berlin, Julius Springer, 1936, p 926 

11 Katsch, G, and von Friedrich, L Bauchspeichelfluss auf Atherreiz, Klin 
Wchnschr 1-112, 1922 
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a most significant characteristic of many patients with pancreatic 
malignancy — namely, the classic positions which they assume to obtain 
relief, sitting up, leaning forward in bed, or walking with the body 
leaning or bending forward at the hips, or lying curled up on the right 
side One patient (case 10) assumed the prone position in order to 
obtain relief Lying in bed in the usual recumbent position intensifies 
the pain Indeed, occasionally the pam makes its first appearance at 
night, since lying supine places the nervous structures in front of the 
vertebral column, especially the solar plexus, under tension Many 
carcinomas, such as those of the stomach, liver and lung, which 
metastasize to the retroperitoneal tissues produce pam in the back as a 
distressing symptom even in the absence of gross metastases to the 
spine, yet one does not observe postuial relief of pam in these instances 




Areas of pain associated with neoplasm of the body and tail of the pancreas 
1, epigastric or solar A, B, radiation to the upper quadrants of the abdomen 
C, umbilical D, intercostal, radicular, head zone E, groin, radiation from renal 
zone F, thigh, radiation from renal zone G, lumbar H, loin 

We recall vividly a patient with pancreatic neoplasm who, suffering 
from persistent epigastric pam, was driven from his bed by the pam and 
sought relief by walking the hospital corridor Partial or complete 
relief from pam by change of posture is a significant feature of the 
disease The paroxsymal nature of the pam and the lack of relation to 
the digestive cycle characterize it further 

The areas in which pam occurred m our patients are represented in 
the figure In 13 patients abdominal pam was localized m the epigastrium, 
the upper portion of the abdomen or the umbilical region In 5 patients 
lumbar or loin pam, with or without radiation toward the inguinal region 
or thigh, was found Such radiations are apparently conditioned by 
tissue invasion toward one or the other kidney, m one case the ureter 
was invaded, with resulting compression and hydronephrosis on the 
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affected side While this type of ladiation of pam was not the sole 
symptom m any of oui cases, its occunence was sufficiently frequent 
to be worthy of stiess The panel eaticoienal types of pam lepresent 
regional pam as well as the lefeued segmental pam of the kidney and 
pancreas The inguinal and the thigh pains represent pams referred 
along the second lumbai segment 

Analysis of the panel eaticoienal types of pam and lesions m the 
kidney 01 uretei (table 3) shows no tiue con elation However, m 5 
of the 19 patients some foim of renal pam was piesent, at times closely 
simulating that of lenal calculous disease 

Abdominal Mass — Palpation of the tumoi is difficult because of the 
inaccessibility of the pancreas Examination with the patient m a tub 
of warm water may facilitate abdominal lelaxation and peinnt palpation 
A tumoi was palpable m 45 pel cent of our patients and in 69 per cent 


Table 3 — Anatomic Findings Associated zt nth the Panel eaticoi enal Tvpe of Pain 


Case 

Distribution of Pain 

Anatomic Changes 

10 

Bilateral anterior abdominal pain, radi- 
ating from nipples to iliac crests 

Cancerous invasion of left 
ureter, left hydronephrosis 

*3 

Bilateral lumbar pain radiating first to 
left and then to right Inguinal region 

(Exploratory operation done 
elsewhere) 

s 

Pain in left lumbar area and in left lower 
quadrant of abdomen, radiating to outer 
left thigh 

Metastatic nodules In left kidney 

17 

Eight lumbar pain radiating to right thigh 
and knee 

No intrarenal or ureteral involve 
ment, subdiaphragmatic abscess 

13 

Pain in left lumbar area and In lateral 
aspect of left thigh 

Malignant degeneration of huge 
pancreatic evst 


of Eusterman and Wilbur’s G The gallbladder is more fiequently 
involved in patients with icteius In our series an epigastric mass was 
palpable in 50 per cent of the patients Enlargement of the liver was 
present m two thirds of the patients The spleen was palpable m 3 

A tumoi m the body of the panel eas is not fixed until quite late 
(Eusterman and Wilbur) and therefore may descend several centimeters 
on deep inspiration 

Gasti omtesUnal Symptoms — With a single exception, all of our 
patients sufifeied from anorexia, which was also a major complaint m 
48 per cent of the patients in the series of Hick and Mortimer 5 
According to Raymond, 12 the appetite may remain good despite marked 
loss of weight m some patients Two of our patients had vomiting as 
a symptom 

Diarrhea was infrequent m patients of this series and of those 
reported by Eusterman and Wilbur 6 and Hick and Moi timer It occurs 


12 Raymond, L Cancer du corps du pancreas, Presse med 37 627, 1929 
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more frequently when carcinoma of the head of the pancreas has 
completely occluded the pancreatic and common bile ducts Bourne 4 
found an increase m the percentage of neutral fat m the stools in a few 
cases 

Occult blood was found in the stools of 2 of 11 patients In these 
2 patients the neoplasm had invaded the stomach and duodenum In 
the absence of such invasion no occult blood was found m the stool 
This contrasts with the almost constant presence of occult blood in the 
stools of patients with gastric carcinoma In the series of Hick and 
Mortimer the stomach was involved by direct extension of carcinoma 
of the tail of the pancreas in 6 patients and the duodenum was invaded 
m 7, the frequent occurrence of blood in the stools is thus explained 
The duodenum was involved, to the extent of producing some degree 
of obstruction, in 10 patients in Eusterman and Wilbur’s series of 88 

Metastases — Metastases must be distinguished from direct extension 
of the primary pancreatic tumor Metastases to the lymph nodes m the 
upper region of the abdomen and to the liver occur most frequently, 
lymphatic spread to the mediastinal glands and to the pleura also occurs 
quite frequently Carcinomatous lymphangitis of the lung has been 
recorded In 4 of our patients neoplastic invasion of the lung and 
mediastinum occurred, in 1 patient it resulted m thrombosis of the 
superior vena cava and cough Hematogenous metastases occur rarely , 
in these rare cases lymphatic extension also occurs 4 Hick and Mortimer 
recorded 1 case of carcinoma of the pancreas with metastasis to the 
umbilicus Hemorrhagic ascites developed in 2 patients as a result of 
diffuse peritoneal metastases 

Carbohydrate Metabolism — Although hyperglycemia or frank 
diabetes melhtus occurs only infrequently m this disease, there is a 
tendency toward decreased carbohydrate tolerance, expressed, when a 
dextrose tolerance test is given, m a high or delayed dextrose curve In 
our own series there were 5 patients with diabetes preexisting to or 
coexistent with pancreatic tumor In 1 patient the duration of diabetes 
was seventeen years , in another, eight years In a third patient diabetes 
antedated the other symptoms by nine months, and in a fourth, by two 
weeks In a fifth patient there was no preceding history of diabetes, 
but at the time of admission the blood sugar was found to be 235 mg 
per hundred cubic centimeters Of these 5 patients, m 3 the diabetes 
was related to the pancreatic disease , the incidence of coexisting diabetes 
in the series was thus 15 per cent This is higher than the usual 
incidence (5 to 8 per cent) encountered m routine hospital practice in 
the same age group Dextrose tolerance tests have hitheito been pei- 
formed infrequently on patients with pancreatic malignancy It is interest- 
ing to note that m 1 patient (case 11) the blood sugar during fasting 
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was 85 mg , yet the dextrose tolerance test showed a curve with a high 
plateau, the blood sugar rising to 300 mg at the second hour and 
remaining at 280 mg at the end of the third hour This finding, 
together with elevated values for amylase, gave a clue to the underlying 
disease Blood sugar during fasting was elevated (145 to 395 mg ) m 5 
of 14 patients whose blood sugar was estimated The blood sugar values 
of the remaining nondiabetic patients in the group ranged from 65 to 
145 mg In the series of cases repoited by Eusterman and Wilbur, 
glycosuria was infrequent, they encountered 1 case of hypoglycemia 
(blood sugar 40 mg ) In the gioup reported by Hick and Mortimer 
there were 8 cases of diabetes, in 3 of which there was carcinoma of 
the body of the pancreas 

The disturbance m carbohydrate metabolism m our patients differed 
m several respects from that found m patients with primary diabetes 
melhtus It could not be controlled leadily by diet or insulin Occa- 
sionally there was an unexplained spontaneous remission of the 
glycosuria, unrelated to diet or insulin The fluctuating dextrose 
tolerance suggested that variations m circulatory and pancreatic duct 
pressure, rather than tumor invasion, were probably responsible for 
the glycosuria 

Cential Nei-vous System — Yaskin 8n drew attention to the frequency 
of neurotic and psychic symptoms m patients with pancreatic 
malignancy Recently Latter and Wilbur 8b again called attention to 
these same symptoms — anxiety and depression coupled with insomnia 
and nervousness These authors stated the belief that the psychic 
manifestations are somehow directly related to the underlying disease 
process, and they have called attention to similar manifestations which 
occur in patients with hypermsuhnism due to adenoma of the islands 
We have not paid especial attenton to this problem , such manifestations 
have not been apparent m our patients However, a disease process 
notorious for its lepeated diagnostic frustrations lends itself well to a 
variety of symptoms m the neurotic sphere As often as not the physi- 
sician brands the patient with such a condition as neurotic and leaves 
him to his own resources Anxiety and depression may naturally follow 
Regardless of the mechanism, if such neurotic symptoms do continuously 
prove to be related to pancreatic malignancy they should be respected 
and should be entertained m the differential diagnosis of vague com- 
plaints referred to the upper part of the abdomen In the presence of 
significant loss of weight, which is the rule in pancreatic malignancy, 
one should hesitate to ascribe too much neurotic significance to such 
symptoms, if they are present Usually neurotic persons with conversion 
gastric symptoms maintain or even increase their weight , when loss m 
weight does occur it is small, except in cases of anorexia nervosa 
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Venous Thi ombosis — A clinical manifestation which merits emphasis 
is venous thrombosis Thoenes 13 called attention to this as an early 
manifestation of pancreatic malignancy m 3 cases which he reported 
The thrombosis of the veins of the arm occurred before any other clinical 
evidence of the disease Umlauft 14 noted thrombosis of the veins of 
the thigh m 2 of 26 cases of pancreatic cancer and stated that it was 
allied with the cachectic state Decreased coagulation time was noted 
in another case and thrombopenia in 2 others Venous thrombosis 
occurred in 8 of our patients, m 6 it was directly related to piessuie of 
the tumor, m 2 it occurred m the lower extremities probably secondary 
to pressure on the inferior vena cava and to venous stasis 

Roentgenologic Observations — Up to quite recently loentgen studies 
have been of limited value In malignant diseases involving the head of 
the pancreas there is widening of the C angle of the duodenal curve 15 
When there has been duodenal invasion, there may be duodenal obstruc- 
tion Dickson 10 described loss of the valvulae conniventes when a tumor 
of the body of the pancreas implicated the transverse duodenum 
Rigler 17 found that a tumor of the body and tail tended to displace the 
stomach upward and forward and the transverse colon downward When 
the mass of a pancreatic tumor is large it may exert pressui e against the 
adjacent portion of the stomach, producing a filling defect and simulating 
the appearance of gastric malignancy Hershenson 18 recently developed 
a technic to demonstrate pancreatic tumois more clearly by an indirect 
method The patient is placed on a tilted table, the abdomen resting 
against the table The table is first placed m a vertical position and 
then is gradually lowered No filling defect produced on the body of the 
stomach by a normal retrogastnc structure is noted until the table is 
tilted nearly to its horizontal position, then a localized impression is 
produced on the midportion of the stomach When a retrogastnc tumor 
is present, such as a carcinoma of the body of the pancreas, the filling 
defect becomes noticeable at a point closer to the vertical plane 

13 Thoenes, E Multiple Venethrombosen, em bisher unbekanntes Fruhsymp- 
tom bei Pankreaskarzinom, Munchen med Wchnschr 79 1677, 1932 

14 Umlauft, W Thrombosen und Pankreaskarzinom, Munchen med 
Wchnschr 80 607, 1933 

15 Carty, J R Adenocarcinoma of the Head of the Pancreas, JAMA 
96 549 (Feb 14) 1931 

16 Dickson, W H Diagnosis of Obscure Abdominal Lesions by the Roentgen 
Gastro-Intestmal Examination, Am J Roentgenol 10 540, 1923 

17 Rigler, L G Diagnosis of Extra-Gastrointestinal Masses, Radiology 
21 229, 1933 

18 Hershenson, M A Carcinoma of the Tail and Body of the Pancreas A 
Roentgenologic Technique for Its Demonstration, Am J Digest Dis & Nutrition 
3 835, 1937 
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Still another technic for the indirect demonstration of pancreatic 
tumors has recently been developed by Engel and Lysholm 19 On an 
empty stomach, the patient is given an ordinary effervescent powder with 
a mouthful of Vichy watei The patient is placed in the prone position, 
and immediately both lateial and anteropostenor 1 oentgenograms 
are taken These must be taken quickly, before the carbon dioxide 
has escaped fiom the stomach Engel and Lysholm found that in 23 
of 29 control subjects the retrogastnc shadow, representing the tissue 
structures between the stomach and spine, was about the size of the 
coriespondmg veitebral body Enlargement of the pancreas as by tumor 
was seen as an increase m the size of this retrogastnc shadow In some 
cases they could demonstrate local depressions into the inflated stomach, 
indicating localized tumor formations of smaller size In stout emphy- 
sematous subjects the retiogastric shadow was found to be normally 
laigei, probably as a result of the higher placement of the stomach and 
of the increase m retropei itoneal fat Scholz and Pfeiffer 20 describe 
carcinoma of the tail of the pancreas simulating on roentgenologic exami- 
nation a malignant change m the greater curvature of the stomach 

Another roentgen sign of possible value is worthy of mention In 
a patient in our series a barium sulfate enema revealed considerable 
spasticity of the cecum and ascending colon The loentgenologist of the 
hospital Dr Marcy Sussman had made this observation in a previous case 
of pancreatic malignancy, and suggested that it might have diagnostic 
weight Stern 21 reported 2 cases of pancreatic malignancy and noted 
that there was abnormal retention of the barium sulfate, with considerable 
delay m the hepatic flexure This was so contrary to the usual finding 
that he considered it of sufficient value to warrant consideration when- 
ever pancreatic malignancy was suspected In our group, 2 patients 
when given a barium sulfate meal showed prepyloric distortion In each 
the head of the pancreas was also involved Faintness oi failure of 
visualization of the gallbladder after the use of dye was seen m 2 patients 

Hematologic Findings — It is significant that m only 2 instances of 
neoplasm of the pancreas was there anemia (hemoglobin below 70 per 
cent) — even though secondaiy metastases had already occuired in many 
instances 

The usual absence of secondary anemia m malignancy of the body 
and tail of the pancreas contrasts sharply with the almost universal 

19 Engel, A , and Lysholm, E A New Roentgenological Method of Pancreas 
Examination and Its Practical Results, Acta radiol 15 635, 1934 

20 Scholz, T , and Pfeiffer, F Roentgenologic Diagnosis of Carcinoma of 
the Tail of the Pancreas, J A M A 81 275 (July 28) 1923 

21 Stern, R Ueber die Diagnose des primaren Pankreaskrebses, Mitt a 
d Grenzgeb d Med u Chir 45 71, 1938 
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presence of secondary anemia m gastric malignancy at the stage of sig- 
nificant loss of weight 

Leukocytosis was present m approximately 50 per cent of the cases 
The greatest leukocytosis was found in those instances m which the 
carcinoma had already metastasized widely, especially those m which 
hemorrhagic ascites had developed or broken-down mtraperitoneal tissue 
was present 

We have not studied the erythrocyte sedimentation rate m this dis- 
ease The rapid rate which others have stressed as of diagnostic 
importance may be related to malignancy as such, and may thus be of 
little value m differential diagnosis 

Special Laboratory Data — Of the procedures which have been 
reported as diagnostic aids, reliable estimations of blood amylase are 
sometimes significant Elevated values were encountered once m our 
series (case 11) When there is malignant degeneration of pancreatic 
cysts subnormal values are more likely to be found Blood lipase values 
were not abnormal m the cases of carcinoma of the body of the pancreas 
as reported by Comfort and Osterberg 22 

The absence of duodenal ferments is a valuable diagnostic finding, 
but such absence rarely occurs unless the head of the pancreas is involved 
Likewise, steatorrhea usually occurs under that condition 

ILLUSTRATIVE CASES 

Our material has demonstrated that malignancy of the body and tail 
of the pancreas may manifest itself m various forms 23 Unfortunately we 
cannot describe a typical form or clinical syndrome We are presenting 
cases which will illustrate some of the forms in which the disease may 
manifest itself, as follows 

1 Silent form Initial manifestations after metastases have occurred, 
simulating, for example, disease of the chest Thoracic pam present as 
a result of pleural metastases (case 2) 

2 Simulation of partial high gastrointestinal obstruction, with duo- 
denal stasis (case 10) 

3 Simulation of gastrointestinal disease — gastric carcinoma or peptic 
ulcer Gastrointestinal bleeding present (case 15) 

4 Malignant degeneration of pancreatic cyst (case 19) 

5 Peripheral venous thrombosis (case 9) 

22 Comfort, M W , and Osterberg, A E Lipase and Esterase in the Blood 
Serum, J Lab & Clin Med 20 271, 1934 

23 Ransom, H K Carcinoma of the Body and Tail of the Pancreas, Arch 
Surg 30 584 (April) 1935 Duff, G L The Clinical and Pathological Features 
of Carcinoma of the Body and Tail of the Pancreas, Bull Johns Hopkins Hosp 
65 69, 1939 
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6 Intra-abdominal suppuiation (case 17) 

7 Lumbodoi sal pain simulating spondylitis (case 11) 

8 Pancreaticorenal form (cf table 3) 

Form 1 (case 2) — Silent foimmnitial manifestations aftei metastases have 
occuned, simulating, for example, disease of the chest, thoiacic pain piescnt as 
a lesuJt of pleural metastases 

A male process server, 47 years of age, noted, three years previous to his 
admission to Mount Sinai Hospital, edema of the legs and feet and some dyspnea 
(The details of a prior hospitalization are not known ) His immediate history 
dated back five months, to a night when he was awakened from sleep by severe 
pam m the lower right side of the chest Since that time the pain had been 
continuous and had become progressively more intense In the course of two 
months he had lost 40 pounds (18 Kg ) , this he attributed to the anorexia 
accompanying the pain He appeared chronically ill 

Physical examination disclosed that the lungs were clear Fluoroscopic examina- 
tion revealed no parenchymal lesion but some restriction in the descent of the 
right leaf of the diaphragm The upper part of the abdomen was rigid, chiefly 
in the right upper quadrant, where tenderness was elicited The lower edge 
of the liver was felt 3 fingerbreadths below the costal margin Rectal examination 
disclosed nothing of importance The hemoglobin was 72 per cent The white 
blood cells numbered 24,000, of which polymorphonuclear cells formed 88 per 
cent The stool was negative to the guaiac test for occult blood The temperature 
ranged beween 99 and 102 F 

The local signs, together with the restricted movement of the right leaf 
of the diaphragm, the blood count and the pyrexia, pointed to hepatic or subphremc 
abscess, possibly secondary to neoplasm and most likely perforated No pus 
was obtained when aspiration of the right subphremc space was attempted The 
general debility of the patient contraindicated surgical intervention The abdomen 
became distended and rigid throughout, and the patient died two weeks after 
admission to the hospital 

Postmortem examination revealed 20 cc of a hemorrhagic fluid in the peritoneal 
cavity The cul-de-sac, which contained most of the hemorrhagic fluid, contained 
many flat nodules, which were over the peritoneal surface of the rectum The 
peritoneal aspect of the diaphragm was covered with numerous flat grayish 
nodules with hemorrhagic peripheral zones, and the liver also showed many 
unbilicated grayish nodules The pleura covering the lower lobe of the right 
lung was infiltrated by several flat neoplastic nodules The spleen weighed 110 
Gm The splenic vein was ensheathed in tumor masses The head and first 
portion of the body of the pancreas were normal The remaining portion of the 
body was transformed into a large tumor, the size of a fist and quite firm, which 
was firmly adherent to the posterior wall of the stomach, into the lumen of which 
it bulged On section it was homogeneous, grayish, with hemorrhagic areas 
The regional lymph nodes were infiltrated by the neoplastic tissue, and the left 
adrenal gland was sourrounded by it 

Form 2 (case 10) — Simulation of partial high gastrointestinal obstruction, with 
duodenal stasis 

A 59 year old woman was admitted to the hospital in 1930, complaining that 
for about four years she had suffered from progressively severe belching Three 
months before admission she began to have epigastric discomfort and a feeling 
of distention after meals She had lost 25 pounds (11 Kg ) m weight Pam of a 
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peculiar sort, located on both sides of the abdomen and radiating in parallel 
fashion from the nipples to the corresponding iliac crests, was present In addi- 
tion, the abdomen became rigid She suffered excruciating pain in the back and was 
relieved only by lying prone 

On admission she was cachectic and weighed 85 pounds (38 5 Kg ) Because 
of the peculiar reflex rigidity of the abdomen, it was impossible to palpate an> 
viscera The liver was percussed a hand’s breadth below the costal margin The 
hemoglobin was 81 per cent, and the white blood cells numbered 10,400 The 
Wassermann reaction of the blood was negative The blood urea nitrogen was 10 
mg per hundred cubic centimeters The blood sugar was 235 mg per hundred 
cubic centimeters, the dextrose tolerance test showed a markedly decreased toler- 
ance (fasting blood sugar, 200 mg , three hours after administration of dextrose, 
blood sugar 360 mg and urine sugar 10 per cent) On loutine examination, 
no sugar was found in the urine, but albumin (3 plus) was present The icterus 
index was 25 The bromsulphalein retention was 50 per cent at the end of thirty 
minutes The stools contained no occult blood, but frequently large amounts of 
fat were present 

A diagnosis of metastatic neoplasm of the lner was made To determine the 
primary focus, a gastrointestinal series of roentgenograms was made The stomach 
was normal, but the whole length of the duodenum was dilated and reierse 
peristalsis was evident There was retention of barium sulfate in the stomach and 
duodenum beyond the six hour period The incomplete obstruction at the duodeno- 
jejunal angle was probably the basis for the long-continued belching after meals 

A diagnosis of carcinoma of the body and tail of the pancreas was suggested 
because of (1) the presence of chronic duodenal stasis with incomplete obstruction 
at the duodenojejunal angle, (2) the excess of fat in the stools, (3) the decreased 
tolerance for sugar, (4) the character of the pain and the relief in the prone 
position 

Two weeks after admission icterus appeared and persisted up to the time of 
death, one month later Necropsy revealed a large scirrhous carcinoma of the 
body and tail of the pancreas, which had invaded the duodenojejunal angle, causing 
a circular constriction The splenic vein was occluded completely The spleen 
was moderately enlarged and indurated The porta hepatis was invaded by tumor 
tissue and the lymph nodes in this region were enlarged, this had caused com- 
pression of the common bile duct, near its origin, and of the portal vein The 
liver contained numerous metastases Infiltration of the wall of the left ureter 
by tumor tissue had, by narrowing the lumen, produced a typical hydronephrosis 
of moderate degree, with widening of the cahces, the pelvis and the proximal 2 
inches (5 cm ) of the ureter The right ureter was not similaily involved Theie 
was no ascites 

Form 3 (case 15) — Simulation of gash ointestmal disease — gastnc caictnoma oi 
peptic ulcei , gash ointestmal bleeding present 

The patient, a man of 37, complained of periumbilical pain, present for five 
months before admission The pain occurred usually a few minutes after meals, 
lasted three to four hours and was relieved by the application of a hot water bag 
or by the ingestion of milk Postprandial nausea and eructations were also present 
Transient icterus, with temporary enlargement of the liver, had been present nine 
months before admission 

On physical examination no icterus was noted There was slight epigastric 
spasm, more marked on the right, and also tenderness m the right upper quadrant 
of the abdomen, more marked over a slightly tender mass which extended 2 finger- 
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breadths below the liver and moved with respiration Bilateral costovertebral 
tenderness was elicited The hemoglobin was 98 per cent, the white blood cells 
numbered 13,000, of which 79 per cent were polymorphonuclear cells The icteius 
index was 8, and the van den Bergh reaction was negative The Wassermann 
reaction of the blood was negative The blood amylase was 1 8 units Examina- 
tion of urine gave negative results Of 9 tests for occult blood in the stools, 
5 were positive, at irregular intervals The Rehfuss test meal showed a maximum 
free acidity of 40 Gastrointestinal roentgenograms taken after the ingestion of 
barium sulfate showed several filling defects in the proximal half of the descending 
portion of the duodenum There was marked delay in gastric motility , at the 
end of six hours, there was 75 per cent gastric retention The middle of the 
descending portion of the duodenum was drawn to the right and apparently fixed 
Roentgenogi ams made after the ingestion of dye failed to visualize the gallbladder 
on two occasions Exploratory operation revealed an inoperable carcinoma of 
the body and head of the pancreas It had already invaded the posterioi aspect 
of the duodenum and the wall of the gallbladder 

Form 4 (case 19) — Malignant degeneration of a panel eahc cyst 

A 50 year old housewife was first admitted to the hospital in 1933, complaining 
of cramplike epigastric pain Before her first admission to the hospital a large 
mass with a sharp edge had been noted in the left upper quadrant of the abdomen , 
it extended 4 cm below the costal margin On the following day the mass was 
smaller and its edge indistinct, and the next day it had disappeared At the 
time of admission the abdomen was slightly distended There was tenderness m 
the epigastrium and left upper quadrant of the abdomen However, no masses 
were felt The hemoglobin was 88 per cent , the red blood cells numbered 5,350,000 , 
the white blood cells numbered 5,000, of which 56 per cent were polymorphonuclear 
and 11 per cent eosinophilic The stool was negative for occult blood The free 
acidity of the gastric contents after the administration of histamine was 16 
degrees The Wassermann reaction of the blood was negative The blood sugar 
was 110 mg per hundred cubic centimeters The blood amylase was 6 4 units 
Roentgenograms taken after the ingestion of barium sulfate showed a prepyloric 
spasm but no evidence of an intrinsic lesion in any part of the gastrointestinal 
tract The stomach, however, seemed to be displaced by an extrinsic mass While 
the patient was in the hospital a mass again became palpable in the left upper 
quadrant of the abdomen, just below the costal margin 

During the two years after the patient's discharge, several blood counts revealed 
persistent eosinophilia, the percentage of eosinophils ranging between 5 and 10 
The patient continued to vomit intermittently and complained of a vague but steady 
ache in the left upper quadrant of the abdomen Loss of weight was progressive, 
and at the time of her second admission she weighed 50 pounds (22 5 Kg ) less 
than on the first admission In the four weeks preceding her second admission 
the patient had marked anorexia and fever, with no chills 

Examination on admission revealed a large liver which extended 3 fingerbreadths 
below the costal margin In the left upper quadrant of the abdomen was a large 
mass which extended down to the level of the umbilicus with respiration Its 
surface was smooth and its consistency hard There was tenderness on pressure 
over this area There was no evidence of ascites The pelvic and rectal examina- 
tions showed no abnormality The hemoglobin was now 75 per cent, the red 
blood cells numbered 4,560,000 The white cells numbered 15,100, of which 64 
per cent were polymorphonuclear and 9 per cent eosinophilic The blood amylase 
was less than 1 unit The icterus index was 9 The skm test and complement 
fixation test for echinococcus were negative 



624 


ARCHIVES OF INTERNAL MEDICINE 


Roentgenographic examination of the abdomen showed a large mass in the 
left upper quadrant, the lower portion of which reached the crest of the ilium 
Pneumoperitoneum showed the spleen to be of normal size 

Vomiting soon set in and the patient’s general condition became too poor to 
permit surgical exploration Terminally phlebitis developed in the left leg 
Necropsy revealed a large pancreatic cystadenocarcinoma with extensive metastases 
to the regional lymph nodes and liver Lipomatosis of the tail of the pancreas, 
with atrophy of the pancreatic tissue, was apparent When the pancreatic duct 
was explored, the probe entered the cyst This served to explain the intermittent 
presence of an abdominal mass, suggesting that the cystic mass emptied itself 
through the duct Other findings were thrombosis of the left femoral vein, embolism 
of the right pulmonary artery and pulmonaty edema Bronchopneumonia was also 
present and was the immediate cause of death 

Form S (case 9) — Peripheral venous tin ombosis 

A housewife aged 65 entered the hospital and died after three days Her 
illness had begun only seven weeks before, when swelling of the entire left 
lower extremity developed Aside from some weakness, anorexia and marked 
constipation, the patient had been fairly well until one week before admission, 
when mild but persistent cough set in Dizziness and increasing drowsiness 
were apparent the day before admission The presenting symptom, coma, was 
associated with signs of bilateral involvement of the pyramidal tracts, spasticity 
being present on the left side and flaccidity on the right Over the base of 
the right lung there was a sharply outlined area of dulness w'lth diminished 
breath sounds A large irregular liver w'as readily palpable There was no icterus 
The cerebrospinal fluid w r as under no increased pressure It contained 13 wdnte 
cells per cubic millimeter Culture of the cerebrospinal fluid showed no bacteria, 
and the colloidal gold curves w'eie noimal The blood urea nitrogen was 22 mg 
per hundred cubic centimeters, sugar, 145 mg , cholesterol, 280 mg The urine 
was normal The temperature ranged from 100 to 101 F 

Necropsy disclosed a scirrhous adenocarcinoma of the tail of the pancreas 
with metastases to the liver, lungs and pleura There w r as a noncarcinomatous 
thrombosis of the left common iliac vein and almost all its branches All the 
veins about the rectum and uterus w'ere thrombosed A well formed thrombus was 
seen projecting into the lumen of the inferior vena cava The spleen was enlarged 
because of infarction and occlusion of the splenic vein by the encroaching tumor 
mass This mass had also invaded the left adrenal and the left ureter, producing 
hydronephrosis on the left side Infarcts of the lungs and kidneys and broncho- 
pneumonia were also present The brain disclosed no metastases or gross vascular 
lesions Microscopically there w'ere extensive areas of cortical softening 

Form 6 (case 17) — Inti a-abdovunal suppiu atwn 

A 50 year old waiter was admitted to the hospital in 1933 For many years he 
had had recurrent attacks of diarrhea, with as many as ten bow'd movements 
daily The stool contained mucus but no blood or pus A history of long-standing 
unproductive cough was elicited About three w'eeks before admission he began 
to be troubled with pain in the right lumbar region, which became progressively 
more severe and w'hich occasionally radiated dowm the right thigh to the knee 
No urinary symptoms were associated with the pain One week before admission 
there was soreness just below the ribs, and at this time the pain began to radiate 
upward into the chest on the right side and was aggravated by respiration and 
cough There w'ere progressive anorexia and a low' grade fever The patient 
lost 20 pounds (9 Kg ) in W'eight Six days before admission he had a severe 
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attack of pam m the right side of the abdomen, radiating to the spine and across to 
the left side of the abdomen On admission the temperature was 106 F There was 
mild generalized abdominal distention The liver was palpable 4 fingerbreadths 
below the costal margin The hemoglobin was 78 per cent, the white blood 
cells numbered 28,800, of which 88 per cent were polymorphonuclear forms The 
blood urea nitrogen was 28 mg per hundred cubic centimeters, the blood cholesterol 
180 mg and the cholesterol esters 37 mg The icterus index was 12, the van 
den Bergh direct reaction was negative, and the indirect reaction was 1 500,000, 
with 0 2 mg of bilirubin The Wassermann reaction of the blood was negative 
The urine revealed no tyrosine Roentgenograms showed the left kidney to be 
normal , there was marked ptosis of the right kidney, the lower pole being well 
below the iliac crest There was marked enlargement of the spleen 

During the patient’s stay in the hospital there was intermittent fever, the 
temperature varying between 100 and 103 F , with occasional rises to 104 or 105 F 
Abdominal distention was persistent There were occasional pain in the right upper 
quadrant of the abdomen and some tenderness over the enlarged liver There 
were periods during w hich the patient’s general condition greatly improved Shortly 
afterward, however, the temperature would rise, the abdomen would again become 
more distended, and the appetite would dimmish Edema of the sacrum and 
extremities, which was only moderately relieved by mercural diuretics, persisted 
in varying degrees until death Cultures of blood taken just before chills were 
experienced were reported negative 

The patient died two months after admission Necropsy disclosed an adeno- 
carcinoma of the body of the pancreas with metastases to the adjacent lymph 
nodes and liver, a localized purulent peritonitis with peripancreatic abscess per- 
forating into the stomach, hepatic abscess with perforation into the peritoneal 
cavity, and a loculated right subdiaphragmatic abscess Bronchostenosis was 
present m the lobes of the left lung, but it was not due to carcinomatous metastases 

Form 7 (case 11) — Lumbodorsal pam simulating spondylitis 

A 52 year old counterman had a history of long-standmg heartburn, consti- 
pation and flatulence He entered the hospital in 1933 after six weeks of severe 
sharp constant pam m the region of the thoracic spine, which had soon encircled 
the left flank and hypochondrium, reaching the xiphoid cartilage The pam also 
extended up into the left axilla There had been anorexia and a loss of 15 pounds 
(7 Kg ) in weight 

Physical examination revealed a well developed man, somewhat plethoric The 
blood pressure was 210 systolic and 122 diastolic The hemoglobin was 82 per 
cent, the white blood cells numbered 6,200, of which the polymorphonuclear 
forms numbered 76 per cent The cinchophen oxidation test showed evidence of 
marked disturbance m the function of the liver The Rehfuss test meal showed 
a total acidity of 42 and a free acidity of 22 The Wassermann reaction of the 
blood was negative Roentgen examination of the spine showed moderate arthritic 
changes consistent with the patient’s age Roentgenograms at first failed to show 
the gallbladder, and subsequent visualization of this organ was famt, the gastio- 
mtestinal tract appeared to be normal , the chest showed no parenchymal lesion 

The blood amylase level was 175 units The Janney dextrose tolerance test 
showed diminished tolerance for sugar on two occasions, on one of these the 
fasting level was 85 mg per hundred cubic centimeters, at the end of one and a 
half hours it was 235 mg , at the end of three hours it was 300 mg , and at the 
end of five hours it was 280 mg On two occasions examination of the duodenal 
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contents obtained by drainage showed no trypsin The blood cholesterol was 340 
mg, and the cholesterol esters, 170 mg Because of the amylase level and the 
dextrose tolerance curve the patient was thought to be suffering from low grade 
pancreatitis, and cholecystectomy was advised , this the patient refused 

He was readmitted to the hospital two months later with a recurience of his 
original pain An exploratory operation was done, and the pancreas was found 
to be the seat of a hard tumor, evidently a carcinoma The liver was normal in 
consistency but shrunken The gallbladder was moderately enlarged and contained 
3 ounces (88 5 cc ) of thick, concentrated bile The bile ducts appeared dilated 
Cholecystogastrostomy was done The patient left the hospital, and follow-up 
records indicated that he died a month after discharge 

SUMMARY 

Nineteen cases of pi unary caicmoma of the body and tail of the pan- 
el eas, in which the diagnosis was confirmed by laparotomy or by 
necropsy, have been observed dui mg a penod of ten years 

The symptom complexes that have been encountered are piesented 
They aie explained on the basis of actual neoplastic invasion, local and 
distant metastases or mechanical pressure 

As a result of out analysis the following clinical signs and symptoms 
assume diagnostic significance 

1 Rapid loss of weight unaccounted foi by diabetes, hyperthyroidism, 
tuberculosis, anorexia neivosa, spiue or demonstiable malignant tumor 

2 Anorexia 

3 Noncolicky pain in the abdomen — eithei diffuse or m the upper 
portion — radiating to the lumbar region, unrelated to the digestive cycle, 
umeheved by food, often nocturnal and relieved by change m posture 

4 Absence of anemia 

5 Absence of occult blood in the stool (unless the tumoi has invaded 
the duodenum or stomach) 

6 Disturbed caibohydrate toleiance manifested by glycosuria, hyper- 
glycemia or a dextrose toleiance cuive of the diabetic type 

7 Atypical roentgen findings in the duodenum or stomach 

8 Elevation of the blood amylase 

9 Hemorrhagic ascites 

10 Peripheral venous thiombosis 

The absence of secondaiy anemia and of occult blood m the stool and 
the presence of significant loss of weight sharply diffeientiate malignant 
giowth of the body and tail of the pancreas from gastric carcinoma, in 
which significant loss of weight is mvaiiably coupled with secondary 
anemia and occult blood m the stool 
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Richards 1 has pioved by examinations of the glomerular urine of 
the frog that urea is filtered through the glomerular loops 

The reabsorption of uiea in the tubules was demonstrated by inves- 
tigations based on the theory of Cushny and of Rehberg 2 Such 
substances as creatinine aie filteied through the glomeruli but are not 
secreted or reabsorbed in the tubules With this in nnnd, one is able 
to observe the pathway of other substances m the kidney 

The exogenous creatinine clearance method used by Rehberg for 
the determination of the filtration late gives reliable results m the dog 
but not in man (Smith, 3 Shannon 4 ) In human subjects administration 
of creatinine causes an increase in the clearance as a lesult of secretion 
Therefore, the mulin clearance method was employed in the calcula- 
tion of the filtration rate (Shannon and Smith, 5 Richards and his asso- 
ciates 6 ) The endogenous creatinine clearance test probably does not 
involve this error and gives a more reliable measure of glomerular 
filtration (Popper and Mandel, 7 Miller and Winkler 8 ), as the values are 
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in close accord with those for the inuhn clearance (Stemitz and 
Tuikand 9 ) 

Fiom the theoretic viewpoint for measuiement of the filtration rate 
the inuhn clearance test is supenoi to the endogenous creatinine 
clearance test However, the inuhn cleaiance test involves consider- 
able technical difficulty and is not as readily adaptable to the study of 
a large amount of clinical material as is the test for creatinine clear- 
ance, which can be used for routine woik 10 

A comparison of the urine-plasma ratio of urea with that of 
creatinine or mulin has been made by many authors Some 11 compared 
the clearance of exogenous creatinine with that of urea in man, others 
made similar studies m dogs, 12 rabbits, 13 sheep 14 and chickens 15 
Winkler and Parra 1G and Chasis and Smith 17 used the mulin clear- 
ance for companson, and Ferio-Luzzi 18 published data concerning 
the endogenous cieatimne clearance 

All these examinations showed the urea clearance to be somewhat 
lower than the cieatimne clearance or the glomerular filtration late, 
usually 30 to 70 per cent of the lattei This latio may vaiy considerably 
and may rise to 100 per cent, even in noimal persons or animals, espe- 
cially when there is marked diuresis The maximal urea clearance test 
of Van Slyke, with a flow of urine of over 2 cc per minute, demon- 

9 Stemitz, K, and Turkand, H Tib fak mec , Istanbul Umv 2 1005, 1939 

10 Popper, H Klin Wchnschr 16 1454, 1937 

11 (a) Covian, C G, and Rehberg, P B Skandinav Arch f Physiol 75 

21, 1936 ( b ) Keith, N M , Power, M H, and Petersen, R D Am J Physiol 
108 221, 1934 (c) Bings, J, and Bjering, T Acta med Skandinav 93 318, 

1937 ( d ) Hayman, J M, Jr , Halsted, J A, and Seyler, L E J Clin 

Investigation 12 861, 1933 ( e ) Cope, C L Quart J Med 24 567, 1931 

(/) Ellis, L B , and Weiss, S Am J M Sc 186 242, 1933 , Renal Function 

in Arterial Hypertension, JAMA 100 875 (March 25) 1933 ( g ) White, 

H L , and Heinbecker, P Am J Physiol 123 566, 1938 (h) McCance, R A , 
and Widdowson, EM J Physiol 91 222, 1937 (i) Rehberg 2 (;) Popper 

and Mandel 7 

12 (a) Jolhffe, N, and Smith, H W Am J Physiol 99 101, 1931 ( b ) 

Shannon, J A ibid 117 206, 1936, 123 182, 1938 (c) Kay, W W , and 

Sheehan, II L J Physiol 79 359, 1933 ( d ) Van Slyke, D D , Hiller, A , 

and Miller, B F Am J Physiol 113 611, 1935 ( c ) Hayman, J M, Jr , 
Shumway, N P , Dumke, P , and Miller, M J Clin Investigation 18 195, 
1939 (/) Alving, A S , and Gordon, 'W J Biol Chem 120 103, 1937 

13 Kaplan, B I , and Smith, H W Am J Physiol 113 354, 1935 

14 Shannon, J A Proc Soc Exper Biol & Med 37 379, 1937 
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16 Winkler, A W , and Parra, J P J Clin Investigation 16 869, 1937 

17 Chasis, H , and Smith, H W J Clin Investigation 17 347, 1938 

18 Ferro-Luzzi, G Ztschr f d ges exper Med 94 708, 1934 
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strates the same fact, as then the uiea. clearance is independent of the 
flow of urine and corresponds roughly with the filtration rate 

According to Rehberg, the variations m reabsorption of urea 
depend on physical foices within the tubular system It was previously 
assumed 7 that the tubular epithelium forms a hairier which regulates 
the composition of the leabsorbed fluid streaming to the reabsorbing 
capillaries The selective peimeabihty of the tubular epithelium under- 
goes constant changes accoidmg to the general needs of the oiganism 
It prevents the back flow of pait of the filtered urea, thus concentrating 
it m the urine Damage of the tubular cells may impair the function 
of the barrier and increase the back flow, causing leabsorption uiemia 
(Ferro-Luzzi 18 ) These findings correspond with the results of ani- 
mal experiments performed by Yamaguchi , 19 which revealed the path- 
ologic reabsorption of congo red, cieatmine and albumin by damaged 
tubules This conception being correct, the leabsoiption of urea 
should increase m the damaged kidney In conti ast, it was assumed 20 
that decreased filtration is compensated for by decreased reabsorption 
of urea in order to increase the urinary output and to pi event retention 
This assumption is m accoi dance with the lesults of Smith and 
Shannon 

In order to estimate the amount of reabsoiption of uiea m a dam- 
aged kidney we compaied the clearance of urea and that of creatinine 
m normal and in pathologic conditions As the method of Popper, 
Mandel and Mayer 21 permits an exact determination of creatinine 
at normal blood levels, oral admimsti ation could be omitted 

METHOD 

Fasting patients were catheterized, and the urine was discarded They remained 
in bed, and two to three hours later the bladder was catheterized again and the 
sample of urine examined In men a permanent cathetei was usually inserted, 
and m a few cases voluntary emptying of the bladder was permitted Blood was 
drawn into a tube containing oxalate Sometimes two test periods were combined 
in one day When creatinine is not administered the amount m the blood does 
not change, and one determination is sufficient 

The creatinine content of urme and of blood plasma was determined by the 
absolute colorimetric method, 21 and the urea content, with urease and micro- 
distillation according to the method of Rappaport and Gutmann 22 The normal 
creatinine content of the blood varies between 0 6 and 1 mg per hundred cubic 
centimeters Even a slight increase over 1 mg indicates glomerular insufficiency 22 

19 Yamaguchi, T Tohoku J Exper Med 18 392, 1931 Shoji, T and 
Takeda, IC ibid 26 592, 1935 

20 Popper, H , and Brod, J Ztschr f klm Med 134 196, 1938 

21 Popper, H , Mandel, E , and Mayer, H Biochem Ztschr 291 354, 1937 

22 Rappaport, F , and Gutmann, M Klm Wchnschr 14 1325, 1935 

23 Popper, H , Mandel, E, and Mayer, H Ztschr f klm Med 133 56 
1937 



630 


ARCHIVES OF INTERNAL MEDICINE 


Glomerular filtrate and resorbate were calculated according to the formula of 
Rehberg 2 The concentration index (a measure of the concentration of the urine) 
equals the urine-plasma ratio of creatinine Excretion of urea was indicated as 
the excretion percentage, the amount of urea appearing in the urine in per cent 
proportion to the urea filtered in the glomeruli It corresponds with the urea- 
creatraine clearance ratio 

urine urea 

E n = PlggS£_HIl! X 100 

urine creatinine 
plasma creatinine 

RESULTS 

The matenal includes 191 deteiminations in 92 cases Many patients 
weie examined seveial times on different days in the course of the 
disease Table 1 shows the tj^pes of cases used Convalescent patients 
or those without any pathologic conditions of the kidneys were used 
as controls Listed as cases of extrarenal glomerular insufficiency are 
those m which there was an increase m the cieatinme level due to 
changes m the general circulation without any specific pathologic con- 
ditions of the kidneys, such as aie found in heart failure, infections 
and hypochloremia In the group of cases of hypertension the dif- 
feient types of vascular disease of the kidneys are combined essential 
hypertension and benign and malignant nephrosclerosis In the gioup 
of cases of acute nephritis an instance of extraglomerular nephritis is 
included m which the course was progressive and death resulted fiom 

Table 1 — Exaction Percentage of Lhea in Diseases of the Kidneys 


Number of Excretion Percentage of Urea 



Number of 

Examina 

f 

Maximum 

> 


Condition 

Cases 

tions 

Minimum 

Ayer age 

Normal 

12 

76 

69 2 

68 

26 4 

Acute nephritis 

7 

12 

14S 

35 4 

44 6 

Chronic nephritis 

S 

17 

92 5 

15 8 

491 

Hypertension 

15 

39 

101 

30 

35 5 

Nephrosis 

4 

13 

54 7 

24 8 

351 

Pyelonephritis 

G 

26 

176 

34 8 

67 3 

Extrarenal insufficiency 

6 

S 

90 

13 7 

412 


uremia within a few days Under chronic nephntis the severe and the 
mild forms are combined The group of cases of pyelonephritis com- 
prises those of contracted kidney due to chronic pyelonephritis, in 
which the condition is often difficult to differentiate from chronic neph- 
ritis In the cases of a more severe form the diagnosis was often con- 
firmed by autopsy 

Table 1 shows that the excretion peicentage of urea m normal per- 
sons varies between 6 8 and 69 2, with an average of 26 4 for 76 
examinations m 42 cases In all cases m which there were pathologic 
conditions the average was higher In nephrosis the increase is not 
significant, it is higher in hypertension and in acute nephritis The 
difference is marked m the diseases with contraction of the kidney, 
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such as chronic nephritis or pyelonephritic contracted kidney The 
extraienal glomeiular insufficiency shows a slight increase as com- 
pared with the noimal 

As impoitant as the aveiage mciease is the elevation of the excietion 
peicentage ovei 100 in some conditions This indicates that the urea 
cleaiance is higher than the creatinine cleaiance This elevation is far 
m excess of any error of the method Repetition of the Eu on the 
same day shows it to be constant In examinations with mteivals of 
seveial days a definite variation occurs (table 2) 


Table 2 — Vernations tn Excietion Peicentage of Uiea on Diffeient Days 





Urme 

Plasma 


Creat 

Urea 

Urea 




Unnary 

Creat 

Crea f - 


mine 

Nitrogen 

Nitrogen 

Excre 



Output, 

inme, 

mine, 

Concen 

Clearance, 

in Urine, 

in Plasma, 

tion 



Ce per 

Mg per 

Mg per 

tration 

Cc per 

Mg per 

Mg per Percentage 

Patient 

Date 

Mm 

100 Cc 

100 Cc 

Index 

Min 

100 Cc 

100 Cc 

of Urea 

J 

12/16 

03S 

30S 

3 36 

916 

34 5 

1,537 

IS 6 

90 


12/18 

0 57 

190 

168 

113 

64 4 

1,212 

34 1 

31 3 


0 56 

200 

16S 

119 

67 1 

1,258 

341 

30 8 


12/20 

0 70 

144 

0 97 

148 6 

118 

1,351 

32 8 

27 8 


12/23 

0 38 

228 

216 

105 3 

40 6 

699 

251 

27 5 


1/ 4 

114 

83 

106 

7S3 

S9 4 

513 

13 9 

47 


1/ 8 

0 61 

186 

0 93 

200 

121 6 

851 

12 7 

33 6 

H 

12/ 9 

0 83 

93 

2 40 

3S7 

32 02 

373 

32 6 

29 5 


12/10 

0 77 

83 

2 29 

36 2 

27 98 

453 

27 3 

45 9 


12/14 

0 58 

133 

2 59 

45 01 

26 5 

536 

280 

42 5 


12/23 

0 77 

164 

5 72 

2S 3 

218 

792 

72 7 

38 6 


1/ 3 

125 

591 

4 04 

14 4 

18 03 

3S0 

30 3 

87 


1/ 5 

0 39 

162 

4 44 

36 6 

14 03 

559 

41 9 

36 4 


1 / s 

0 66 

117 

396 

296 

19 7 

331 

48 9 

23 


0 66 

115 

3 9G 

291 

19 3 

331 

4S9 

23 2 


1/13 

3 

68 

3 36 

22 9 

59 8 

234 

25 6 

45 8 


0 91 

78 

3 36 

22 9 

210 

279 

25 6 

47 5 


A plot of the Eu and the unnary output shows a slight parallelism 
between increase of urine flow and Eu However, only in persons with 
noimal kidneys is a low urinary output combined with a low E U} whereas 
m persons with pathologic conditions it may correspond with a high Eu 
Closei uniformity m the plot is obtained by companng the Eu with 
the concentration index, as already done by Shannon 12b and Chasis and 
Smith 17 Figure 1 shows a high concenti ation index typically combined 
with a low Eu An index of over 250 never coriesponds with an E L 
ovei 25, while with an index below 60 the Eu is never below 20 and 
may go as high as 100 or moie The chaiacteristic line of Shannon and 
Smith, with an angle around the index of 20, is to be seen despite the 
extensive scattering due to the variety of pathologic conditions Extra- 
lenal glomeiulai insufficiency, nepluosis, acute nephiitis and benign 
nepluoscleiosis reveal rather normal conditions, m contrast to those m 
cases of seveie lenal damage, such as chiomc nephritis, pyelonephritic 
conti acted kidney, malignant nephi osclerosis and acute extiaglomerular 
nephiitis (1 case) 
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Fig 1 — Logarithmic plot of excretion percentage of urea and concentration 
index in various diseases of the kidney 



Fig 2 — Logarithmic plot of excretion percentage of urea and concentration 
index in 7 patients with normal or slightly damaged kidneys Each person received 
1,500 cc of fluid and excreted most of this amount within four hours 

Figure 1 confirms Smith and Shannon’s finding that there is a 
direct connection between diminution of the concentration of the urine 
and increase of the Eu We obtained a lower index m normal persons 
by forcing diuresis by the administration of 1,500 cc of fluid , the same 
was done m some cases of slight tenal involvement Figuie 2 reveals 
the results of 8 examinations in 7 cases 
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In accordance with Smith and Shannon, a falling index leads to an 
increase of the Ex and thus to an appi oximation of the mea and the 
creatinine clearance However, the decrease m the concentiation of 
the urine may not be the only decisive factor for a low Eu, since m 
patients with pathologic conditions the Eu is much higher with the same 
index than m normal persons, as seen by a companson of figures 1 and 2 
This suggests a second factoi independent of the low concentration 
the piesence of a disease of the kidneys 

The plasma creatinine is a measuie of renal function, as its mciease 
indicates the degiee of impairment m glomerular cu dilation and filia- 
tion Figuie 3 shows a definite connection between the Eu and the 
cieatmme level With normal or slightly damaged renal function the 
Eu is low m fasting patients With the cieatmme content below 1 
mg pei hundred cubic centimeters the Eu nevei exceeds 62 With 
slightly increased creatinine, up to 2 mg , the Eu shows a slight 
tendency to rise However, in patients with acute nephritis, nephrosis 
and extraienal glomerular insufficiency and m some of the hypertensive 
patients the values aie within noimal lange With further mciease in 
cieatmme the tendency for the Eu to use is more definite but not uni- 
form Next to the highest Ex., togethei with the highest creatinine 
level, was found in the patient with extraglomei ulai acute nephritis 
who was twice examined The rise does not take place in all cases in 
which there is a high creatinine content, howevei, we never obseived 
an Eu below 20 if the creatinine level was over 2 mg 

As the glomerular filtration rate is related to the plasma creatinine 
level, there is an increase in the Eu with a decrease m creatinine clearance 
In nephrosis the Eu is normal despite the deci eased filtration late 
As decreased reabsorption m fasting persons is a sign of seveie 
disease of the kidneys, it is usually combined with an increasing Eu 
Among the patients with diminished reabsorption during fasting those 
with pyelonephritis show the highest Eu Thus there is a tendency for 
the Eu to be low when the filtration and reabsoiption rates aie reduced 

COMMENT 

The examinations show, in accoi dance with the leports m the liteia- 
ture, the variations m the excreted urea as compaied with the filtered 
urea, and thus the variations in reabsorption of urea Two factors may 
influence the reabsorption of urea The first factor is the amount of 
diuresis, which is m relation to the degree of concentiation of the urine 
According to Smith and Shannon, this is explained by physical forces, 
such as speed of the flow of urme m the tubules The second factor 


24 Footnote deleted 
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Fig 3 — Plot of the excretion percentage of urea against the plasma creatinine 
(milhgiam per thousand cubic centimeters) in normal persons and m those with 
pathologic conditions 
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Fig 4 — Plot of the resorbate-filtrate ratio of urea against the plasma creatinine 
m normal persons and in those with pathologic conditions 
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is the presence of severe damage to the kidney Patients with glomerular 
damage of slighter degree and model ately mci eased plasma creatinine 
show neaily noimal urea reabsorption, as m extraienal glomerular 
insufficiency, benign neplnoscleiosis, acute nephritis or nephrosis, which 
now is considered to be a pnmary glomerular condition 25 In the uremic 
kidney diseases, with decreased flow of blood and fluid through the 
organ (dehydiation of the kidney tissue), the urea reabsorption is much 
diminished, as m chronic nephritis, malignant hypei tension, acute extra- 
glomerular nephritis and pyelonephutic contracted kidney The simplest 
explanation for the decreased uiea reabsoiption in these cases is the 
decreased reabsorption of water 

In a prior study one of us tried to calculate the content of urea in the 
reabsorbate The calculation is not logical, since it is now believed 
that the reabsorbed fluid does not have a umfoim uiea content Uiea 
and water aie not reabsorbed equally in the same place (Keller, 20 Smith 
and Shannon) Howevei, m older to answer the question whethei 
the decrease in uiea reabsorption depends only on the decreased back 
flow of water, the comparison of the urea content of a hypothetic 
uniform reabsorbate with that of the filtiate 01 plasma is significant 
The calculation is made according to the following formulas, 2 which 
point out the resoi bate-filtrate ratio 

Reabsorbate urea = 100 (P lasma urea x filtration rate) — (unne urea X urinary output) 

reabsorption rate 

Reabsorbate-filtrate ratio (Uu) = reabsorb _at e _ u re a 100 

plasma urea 

U R is a measure of the antiosmotic force effective m the tubules, 
which force is stronger when the latio is lower A plot of the Ur against 
the plasma creatinine as a measure of the involvement of the kidney 
reveals a definite decrease m the Ur in cases of pathologic kidneys 
In noimal persons the aveiage is about 72 A decrease corresponds 
with the degree of kidney disease and is moderate with slightly unpaired 
glomerular function 

The relatively low uiea content of the hypothetic reabsoibate as 
compared with that of the filtrate m kidney disease indicates strong 
antiosmotic forces effective at the epithelial barner against the attempted 
backward diffusion of urea Thus, the low urea reabsoiption is 
explained not only by a deci eased back flow of fluid but by an actual 
counteraction Increased reabsorption can theiefore be excluded, and 
we join Smith m not lecogmzmg the association of reabsorption uiemia 
with diseases of the kidneys 

25 Randerath, E Ergebn d allg Path u path Anat 32 91, 1937 Bell 
E T Am J Path 14 691, 1938 

t 26 Keller, R Der elektrische Faktor der Nierenarbeit, Mahrisch-Ostrau, 
Verlag Julius ICittls Nachfolger, 1933 
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Important aie the few examples in which the Eu is ovei 100 If 
more urea is excietecl than filteied, secietion of urea may be assumed 
It could be aigued that m the damaged kidney a leabsorption of 
cieatmme exceeding that of urea takes place, which would explain the 
relatively low creatinine clearance This is not probable from a physical 
point of view, as the diffusion gradient of uiea is highei than that of 
creatinine 27 Recent studies of McCance and Widdowson 28 have shown 
a pathologic back flow of cieatmme in cases of diabetic coma This 
is not likely m diseases of the kidney An appi oximation of urea 
clearance to creatinine cleaiance, oi even an excess of urea cleaiance, 
is found m seveial cases of seveie kidney damage recorded m the tables 
of Hayman, Halsted and Se^ler lld and also m those of Ellis and Weiss 111 
Both groups of investigators administered creatinine, thus laismg the 
cieatmme clearance above the filtiation late, and recoided the standaid 
urea clearance, which was lower than the ongmal urea cleaiance Despite 
that, the uime plasma ratio of urea was in some cases highei than that of 
creatinine The possibility of urea secietion m man can therefore be 
assumed This fact was also proved m amphibians b) Mai shall 30 
and by W alkei and Hudson 31 We have found that a rise of the ui ea 
clearance over the cieatmme clearance occurs in rabbits aftei injection 
of uime or certain poisons up the uieter with high pressure The 
same occuis aftei selective destruction of the renal pyramid by vmyl- 
amine poisoning 

What role may urea secretion play in diseases of the human kidney ? 
With regard to urea leabsorption, we ha\e considered that antiosmotic 
forces are strongei than normal m cases m which theie is seveie damage 
to the kidneys 

If in a pathologic condition a function is increased, a compensatory 
mechanism must be assumed This assumption agrees with our previous 
view that the decreased reabsorption with impaired filtration is an 
attempt to reduce uiea retention Even in the presence of severe 
damage to the kidney the epithelium of the still functioning nephrons 
shows an increased function of the bamer Disturbed power of con- 
centration of the kidney may be due not to impaired tubulai function 

27 Bunim, J J , Smith, W W , and Smith, H W J Biol Chem 118 66 7, 
1937 

28 McCance, R A , and Widdowson, EM J Physiol 95 36, 1939 

29 Footnote deleted 

30 Marshall, E K J Cell & Comp Physiol 2 349, 1932 

31 Walker, A M , and Hudson, C L Am T Physiol 118 153, 1937 

32 Footnote deleted 
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but to the diminution m leabsoiption of water, which is explained by the 
distribution of the leabsorbmg medullary vessels 23 and the dehydiation 
of the kidney tissue 

SUMMARY 

The clearance of uiea and that of endogenous cieatmme weie com- 
paied m 87 cases of noimal and of pathologic conditions m older to 
estimate the leabsorption of urea 

Uiea reabsorption is constant during the same day, but not on 
diftei ent days It is slightly diminished dm mg fasting m model ate 
glomerular disoiders, such as acute glomeiulonephntis, benign hypei- 
tension, nephrosis and extraienal glomerular insufficiency It is mark- 
edly diminished m many cases of severe damage to the kidneys, as in 
chiomc nephritis, malignant hypertension, pyelonephntic contracted 
kidney and exti aglomei ulai acute nephritis (1 case) The lowest rate 
of reabsorption was found in pyelonephntic contracted kidney 

The deciease in uiea reabsoiption, usually combined with distuibed 
filtiation and leabsoiption of water, may depend on two factois the 
decrease m the uunaiy concenti ation and the presence of damage to 
the kidneys 

With severest damage to the kidneys the urea cleaiance may exceed 
the creatinine clearance This may be mtei preted as an indication of 
urea secretion 

Uienna due to leabsoiption *in renal disease does not exist On 
the contrary, stionger antiosmotic forces aie effective at the tubulai 
hairier against the back flow of urea This mechanism is piobably 
compensatory in order to pi event uiea retention with decreased filtration 


33 Fuchs, F , and Popper, H Ergebn d inn Med u Kinderh 54 1, 1938 
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BRIGHT’S DISEASE 

A REVIEW OF RECENT LITERATURE 
WILLIAM S McCANN, MD 

ROCHESTER, N Y 

Duimg the past yeai the major effoits of investigators in this field 
have been concentiated on the question of the renal factor in hypei- 
tension The recent impetus to investigation has come fiom the work 
of Goldblatt, which has been discussed in previous reviews As one 
might have supposed, seaich of the liteiature has bi ought to light prior 
discovenes of similar impoit which have been passed over and forgotten 
because their significance was not appreciated at the time they were 
made Such discovenes in no way diminish the credit that is due 
Goldblatt, for, after all, they would have lemamed forgotten had it not 
been foi the levival of intei est aioused by his work 

In 1909 Theodore Janeway 1 published a brief note on the changes 
in blood piessure following the reduction of the renal aitenal circula- 
tion He observed the blood piessure of dogs before and aftei ligation 
of branches of the lenal artenes by Alexis Carrel Janeway used a 
modification of the Riva-Rocci sphygmomanometei Rises in blood 
pressuie weie noted aftei the ligations One of the 5 dogs which 
survived showed a rise of blood piessuie from 110 to 150 mm of 
meicury systolic and from 80 to 110 diastolic The mine of this dog 
was fiee from albumin Another of these dogs was obseived to show 7 
a much greater rise m pressuie, but the mine of this dog contained 
albumin, casts and red coipuscles 

Another instance in which search of the hteratuie has bi ought foi- 
gotten work to light is to be found in the repoit of Tigerstedt and 
Bergmann, 2 who in 1898 discovered the pressoi substance in the kidney 
and named it “lemn ” This substance, as originally described by these 

From the Department of Medicine of the University of Rochester School 
of Medicine and Dentistry and the Medical Clinic of the Strong Memorial and 
Rochester Municipal Hospitals 

1 Janeway, T Note on Blood Pressure Changes Following Reduction of 
Renal Arterial Circulation, Proc Soc Exper Biol & Med 6 109, 1909 

2 Tigerstedt, R , and Bergmann, P G Niere und Kreislauf, Skandmav 
Arch f Physiol 8 223, 1898 
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workers, appears to be identical with the pressor substance to which the 
hypertension of renal ischemia is now attributed 

Still another instance concerns the production of nephritis by the 
use of heterologous nephrotoxic serums, as recently described by 
Masugi and by Smadel In 1900, however, Lmdemann 3 produced a 
nephrotoxic serum from guinea pigs which had been given injections 
of emulsions of rabbit kidney When injected into rabbits this serum 
produced profound disintegration of the lenal tubules, no specific alter- 
ation of the glomeiuli being observed In this respect the experimental 
nephritis differed from that more recently described by Smadel, a con- 
dition which has proved to be tiue glomerular nephritis Nevertheless, 
Lmdemann deserves credit for the use of cytologic antiserums for the 
production of an experimental disease 

RENIN 

To letuin to the question of the lenal piessor substance, a numbei 
of investigators have been engaged m devising methods for the exti ac- 
tion and purification of renm Tigerstedt and Bergmann had used 
simple saline extracts They believed the pressor substance to be a 
protein Boylston, McEwen and Ivy 4 5 were unable to obtain it by per- 
fusion of ischemic kidneys with Locke’s solution However, Fasciolo, 
Houssay and Taqumi B were able to demonstrate its presence m the 
blood of the renal vein by testing for vasoconstrictor effects on the toad 
Bufo arenarum Hensel Saline extracts of ischemic dog kidneys and 
of kidneys of human subjects with hypertension weie found to yield 
greater pressor effects than similar extracts of normal kidneys by 
Prinzmetal, Friedman and Abramson 6 The blood of patients with 
hypertension when tiansfused into those with normal piessures did 
not exhibit any pressor effects, according to the observations of Fried- 
man and Prinzmetal 7 When saline extracts were subjected to pie- 

3 Lmdemann, W Sur le mode d’action de certains poisons renaux, Ann 
Inst Pasteur 14 49, 1900 

4 Boylston, G A , McEwen, E G , and Ivy, AC A Pressor Substance 
Is Not Present m the Perfusate of Ischemic Kidneys, Proc Soc Exper Biol & 
Med 39 559, 1938 

5 Fasciolo, J C , Houssay, B A , and Taquini, A C The Blood Pressure 
Raising Secretion of the Ischemic Kidney, J Physiol 94.281, 1938 

6 Prinzmetal, M , Friedman, B , and Abramson, D I The Nature of 
Arterial Hypertension with Special Reference to the Role of the Kidney Ann 
Int Med 12 1604, 1939 

7 Friedman, B , and Prinzmetal, M Vasomotor Effects of Blood m Patients 
with Hypertension and Animals with Experimental Hypertension, Ann Int Med 
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cipitation with ammonium sulfate, the piessoi substance was found m 
the precipitate by Williams, Haruson and Mason s 

Highly purified preparations of lemn have been made bv Helmei 
and Page 0 They believe the substance to be a pi otem Color tests 
foi guanidine groups and foi pentose were especially stiong The 
purest pieparations were found to elevate the blood pressuie of dogs 
30 mm of mercury when given m amounts lepresentmg 0 027 mg of 
nitrogen per kilogram of body weight In cats it was three times as 
active, since 0 009 mg pei kilogram would produce the same rise m 
blood pressure as the laiger dose in the dog Swingle, Taylor, Colhngs 
and Hays 10 describe a method of purifying renin by saline exti action 
and ammonium sulfate precipitation, no organic solvents being used 
The substance is stable if fiozen or dried by the lyophile process They 
define a renin unit as the minimum amount necessai), when given intra- 
venously over a period of two to five seconds, to iaise the mean blood 
pressuie of anesthetized dogs an ateiage of 40 mm of meicuiy above 
the starting level This unit is equivalent to 0 1 mg of solid matenal 
per kilogram of body weight The effects obseived were propoitional 
to the dose, up to 3 mg per kilogiam Higher doses veie found 
not to give proportionally gi eater effects Renm was found to be non- 
toxic in doses up to 35 mg 

Atumi 11 describes a substance found in the blood of the renal veins 
which laises the blood pressure of noimal rabbits and those having 
splanchnic sections This substance is said to be soluble m ethyl alcohol, 
ether, chloroform and acetone He believes it to be a sterol Obviously 
this substance differs maikedly from the renin just described 

As one might suppose, renm is being actively studied from the 
physiologic and pharmacologic standpoints Page 12 and Merrill, 
Williams and Harrison 13 agree in then leports that the pressoi effect 
is elicited by dnect action on the blood vessels, a conclusion also leached 

8 Williams, J R, Jr , Harrison, T R, and Mason, M F Observations 
on Two Different Pressor Substances Obtained from Extracts of Renal Tissue, 
Am J M Sc 195 339, 1938 

9 Helmer, O M, and Page, I H Purification and Some Properties of 
Renin, J Biol Chem 127 757, 1939 

10 Swingle, W W , Taylor, A B , Colhngs, W D , and Hays, H W 
Preparation and Bioassay of Renm, Am J Physiol 127 768, 1939 

11 Atumi, Y Control of Blood Pressure by Nephrohormone, J Chosen 
M A 29 326, 1939 , abstracted, Chem Abstr 33 5055, 1939 

12 Page, I H On the Nature of the Pressor Action of Renin, J Exper 
Med 70 521, 1939 

13 Merrill, A , Williams, J R , Jr , and Harrison, T R The Site of Action 
of the Renal Pressor Substance, Am J M Sc 196 18, 1938 
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by Tigeistedt, and that it is little influenced by elimination of the 
neivous system, the hypophysis, the adienal glands, the panel eas, the 
liver or the kidneys The latter investigators found the action of lenin 
to be heightened if the kidneys are lemoved two 01 three days befoie 
injection Fasciolo, Houssay and Taquini 5 found that the presence of 
healthy kidneys is capable of diminishing the piessoi effect of renin 
They have also found that grafting an ischemic dog kidney into a dog 
from which both kidneys have been removed will elevate the blood 
pressuie whether the adrenal glands have been lemoved or not, a result 
that is not m agreement with some earliei work That some conflicting 
conclusions aie leached by the various mvestigatois who are studying 
lenin is not suipnsmg, since several methods of piepaiation are in 
use 

Page 12 has found that on giving successive injections of lenm a 
diminishing pressoi response is obtained 1 his fact was noted m 
Tigerstedt’s original work Page attnbutes this phenomenon to one or 
both of two causes, either to the progiessive exhaustion of a renm 
activator or to the development of an antisubstancc In favoi of the 
existence of a lenin activator is the fact that no vasoconstrictoi effect 
is observed when a rabbit’s ear is perfused with pure lenm dissolved in 
Rmgei’s solution The activatoi is believed to be a piotem-like sub- 
stance piesent in normal blood, since the constrictive effect is obtained 
when a labbit’s ear is perfused with blood to which renm has been 
added On successive additions of lenm to this blood the renm actrvatoi 
appears to be exhausted If the ear is perfused with fiesh blood the con- 
strictive lesponse to the added lenm is lestored 

The effect of renm on the intrinsic cu culation of the kidney itself 
has been studied by Men ill, Williams and Hamson 15 These woikers 
have been able to obtain two piessor substances fiom kidneys, one, 
renm, being obtained from the saline extract and the othei, a tyramine- 
hke substance, from autolysate They found diffeiences in the action 
of these two substances When lenm elevates the blood pressure, the 
kidney swells, the blood flow thiough it is decreased, and the volume 
of the mine is mci eased This is interpreted as an indication that 
lenin causes a constuction of the efferent aitenoles of the glomeiulus 
On the other hand, tyi amme was thought to constrict the afferent 
aitenoles, since its action caused a shrinkage m volume of the kidneys 
and a diminution of renal blood flow 

14 Footnote deleted 

15 Merrill, A , Williams, R H , and Harrison, T R The Effects of a 
Pressor Substance Obtained from the ICidnevs on the Renal Circulation of Rats 
and Dogs, Am J M Sc 196 240, 1938 
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In a series of lectures given at the Umveisity of Kansas, Homei 
Smith 16 reviews his observations on the mechanism controlling renal 
blood flow He has found that under ordmaiy circumstances the flow is 
chiefly regulated by variations in the tonus of the efferent glomerular 
artery When this artery is constricted the blood flow is diminished, 
when it dilates, the flow is increased Constriction of this arteriole has 
the effect of raising the filtration pressure within the glomerulus so that 
even when the blood flow is thus diminished the amount of glomerular 
filtrate tends to remain constant Agents capable of causing constriction 
of the afferent glomerular arteriole would also have the effect of dimin- 
ishing the total blood flow through the kidney, but in this case the 
expected result would be a diminution m the amount of glomerular 
filtrate as well Smith believes that the 'control of the tonus of the 
efferent arteriole is independent of the connections of the kidney with 
the nervous system, hence a great measure of constancy of renal func- 
tion may be achieved during wide variations in systemic blood pressure 
and blood flow, though it is obvious that extreme variations m the latter 
factors must have effects on the afferent blood supply to the kidney 
for which no intrinsic compensation could be made Reference will be 
made subsequently to the application of this work to the study of hyper- 
tension in human subjects 

Corcoran and Page 17 observed that the slow intravenous infusion 
of lemn elevated blood piessure, constricted the efferent glomerular 
aitenoles and diminished renal blood flow, findings which aie m agree- 
ment with those of others 15 In contrast, similar infusion of pitiessm 
pioduced variable effects on the renal blood flow and no eftect on the 
systemic blood pressure 

The influence of sympathomimetic substances has received the atten- 
tion Of several investigators, with divergent results Williams 155 found 
that the pressor effects of renm were enhanced by cocaine and inhibited by 

16 (a) Smith, H W Studies in the Physiology of the Kidney I Newer 

Methods of Study of Renal Function m Man, III The Renal Blood Flow m 
Normal and Hypertensive Subjects, Publication of the University Extension 
Division, University of Kansas, Lawrence, Kan, 1939, ( b ) New Aspects of 

Renal Physiology, J Urol 41 867, 1939 ( c ) Smith, H W , Rovenstme, E A , 
Goldring, W , Chassis, H , and Ranges, H A The Effects of Spinal Anesthesia 
on the Circulation in Normal, Unoperated Man with Reference to the Autonomy 
of the Arterioles, and Especially Those of the Renal Circulation, J Clin Investiga- 
tion 18 319, 1939 

17 Corcoran, A C , and Page, I H The Effects of Renin and Pitressin and 
Atropine on Renal Blood Flow and Clearance, Am J Physiol 126 354, 1939 

18 Williams, J R , Jr The Effect of Cocaine and Ergotamine on the Action 
of the Renal Pressor Substance, Am J Physiol 124 83, 1938 
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eigotamme On the other hand, Katz and Fnedberg 10 found that the 
quantitatively similar pressor action of renin m noimal and m hyper- 
tensive dogs is not abolished by piperidomethylbenzodioxane, a sub- 
stance which reverses the action of epinephrine m dogs and resembles 
the action of ergotamme m this respect From this he concluded that 
renin does not act as a sympathomimetic substance 

The influence of various ductless glands on the action of renin is still 
somewhat confused Fasciolo, Houssay and Taqumi 5 noted that hypo- 
physectomy diminished the blood pressure of dogs with renal ischemia 
They observed that renin exerted its piessoi effects m the absence of 
the adrenal glands A small remnant of adrenal tissue will keep the 
blood pressure high m hypertensive dogs Williams, Diaz, Buich and 
Harrison 20 found that rats which were kept alive after adrenalectomy 
by having salt administered to them were less sensitive to the action 
of renm, although their kidneys on assay did not contain less lemn than 
the kidneys of noimal rats Rats after hypophysectomy weie more 
sensitive to renm, their kidneys likewise yielding noimal amounts of 
lemn Castiation was found to have no effect on sensitivity to renm 
nor on the renm content of the kidneys 

Grossman and Williams 21 have studied the effect of age on the 
sensitivity to renm Doses were given to rats of various ages in pro- 
portion to the body surface Young rats, aged 6 to 10 weeks, showed 
the least rise in blood pressure, while the oldest lats, 2j4 years of age, 
exhibited the greatest rise The authois suggest that this effect of age 
on sensitivity to the action of renm may be one of the factors involved 
m the greater frequency of hypertension m old age 

EXPERIMENTAL URETERAL OBSTRUCTION 

The effects of ureteral obstruction on the blood piessuie have been 
leceivmg renewed attention Blalock and Levy 22 credit Rautenberg, 
m 1910, with having been the first to obseive hypei tension following 
experimental ligation of the ureters Harrison, Mason, Resmk and 

19 Katz, L N , and Fnedberg, L The Hemodynamic Effect of the Dioxane 
Derivative 933F on Trained Unanesthetized Normal and Renal Hypertensive Dogs 
and Its Effect on the Pressor Action of Renin, Am J Physiol 127*29, 1939 

20 Williams, J R , Jr , Diaz, J T , Burch, J C , and Harrison, T R The 
Relation of the Adrenal Glands to the Action of the Renal Pressor Substance 
Am J M Sc 198 212, 1939 

21 Grossman, E B , and Williams, J R , Jr Relation of Age to Renal 
Pressor Substance, Arch Int Med 62 799 (Nov ) 1938 

22 Blalock, A, and Levy, S E Studies on the Etiology of Renal Hyper- 
tension, Ann Surg 106 826, 1937 
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Ramey-’ have made similai obseivations Picketing and Prinzmetal 24 
did not obseive bypei tension following unilateial ligation of the uieteis 
in 4 labbits Williams, Wegria and Hamson- 6 found that unilateial 
ligation sometimes did and sometimes did not elevate the blood pressure 
Even when no hypei tension followed unilateial ligation, the sensitive- 
ness to lenm was mci eased When hypei tension was induced by unilat- 
eral ligation of the uietei, Blalock and Levy 22 were able to abolish it 
bv removal of the hydi onephrotic kidney Rats with bilateial spon- 
taneous hydronephi osis were found 25 l egularly to exhibit hypertension, 
and such lats showed a much more pronounced piessor response to renin 
than did rats without hydi onephrosis These obseivations may have 
some bearing on the observations of Dill and Enckson, 20 who noted 
that slight renal ischemia, which was followed b) no seveie disturbance 
m nonpiegnant dogs, caused fulminating eclampsia m pregnant dogs 
Whethei the physiologic hydronephi osis of piegnancy had an effect of 
increasing the sensitivity to lenm has not been determined There are 
of course, many othei possible reasons which might be advanced in 
explanation of the eclampsia obseived 

SECONDARY PHENOMENA IN EXPERIMENTAL HYPERTENSION 

Gibson and Robinson 27 have obsei ved the blood i olume m dogs 
with hypertension induced by Goldblatt clamps on tbe lenal aitenes 
Cardiac hypei tiophy developed m all the animals No constant tiend 
of the blood volume was observed in these animals Renal function ivas 
unimpaired One dog with congestive heait failure w r as found to have 
an increase in blood volume 

It has long been thought that aitenolai sclerosis is a result lathei 
than a cause of hypei tension The nncioscopic appearances of aite- 

23 Harrison, T R , Mason, M F , Resmk, H , and Rainey, J Changes in 
Blood Pressure m Relation to Experimental Renal Insufficiency, Tr A Am 
Physicians 51 280, 1936 

24 Pickering, G W , and Prinzmetal, M Experimental Hypertension of 
Renal Origin in the Rabbit, Clin Sc 3 357, 1938 

25 Williams, J R, Jr , Wegria, R, and Harrison, T R Relation of Renal 
Pressor Substance to Hypertension of Hydronephrotic Rats, Arch Int Med 62 
805 (Oct) 1938 

26 (a) Dill, L V , and Erickson, C C Eclampsia-Like Syndrome Occurring 
in Pregnant Dogs and Rabbits Following Renal Artery Constnclion, Proc Soc 
Exper Biol & Med 39 362, 1938 (ft) Dill, L V , Isenhorn, C E , and Cadden, 
J F The Effect of Quantitative Reduction of Renal Blood Flow upon the 
Pregnant Rabbit, J Clin Investigation 18 641, 1939 

27 Gibson, J G , and Robinson, R W Blood Volume, Cardiac Size and 
Renal Function in Dogs with Hypertension Produced by the Goldblatt Technic, 
Proc Soc Exper Biol & Med 39 497, 1938 
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liolar lesions in “benign” hypei tension have been conti asted with those 
occuiimg in “malignant” hypertension Acute artenolai lesions of the 
“malignant” vanety have been found by Wilson and Picketing 28 m 
rabbits with experimental hypertension induced by partial consti lction 
of the renal artenes The incidence of these lesions is 1 elated to the 
degiee of hypertension rather than to its duiation They were obseived 
most frequently m the arterioles of the intestine, stomach, liver, adrenal 
glands, heait and eyes The arterioles of the ischemic kidneys did not 
undergo these changes In this lespect the mtunsic circulation of the 
expel imental animals employed (rabbits) differs from that commonly 
found in human subjects with “malignant” hypertension 

“essential” hypertension 

Under the impact of the rapid accumulation of new facts legal dmg 
lenal hypertension, the conception of “essential” hypei tension is, of 
necessity, undei going piofound alteiations In the last ieview 28a it 
was noted that clinical and pathologic repoits were accumulating in 
lllustiation of the manner in which the condition of renal ischemia 
occuned m man Furthei evidence is now available as to the importance 
of lesions affecting the patency of the large renal artenes Blackman 29 
lepoits the pathologic changes in 50 cases of “essential” hypertension as 
compared with the changes m a conti ol senes of 50 nonhypei tensive 
subjects, balanced as to the incidence of age and sex He found that in 
86 pei cent of the cases of hypertension the patients showed nail owing 
of the main lenal artenes at or near the aoita In 54 per cent the nar- 
rowing was pronounced, and in 32 pei cent the lumen was nai i owed to 
1 5 mm or less In 14 per cent no significant narrowing was observed 
In only 10 pei cent of the controls was any narrowing of the renal 
aitenes discoveied Leadbetter and Burkland 30 leport the intei estmg 
case of a Negro boy Sy 2 years of age who had suffered from maiked 
hypei tension foi three yeais Operative lemoval of an ectopic kidney, 
the mam lenal arteiy of which was nearly occluded by a smooth muscle 
tumor, led to lelief of the hypei tension Boyd and Lewis, 31 m the course 

28 Wilson, C, and Pickering, G W Acute Arterial Lesions in Rabbits with 
Experimental Renal Hypei tension, Clm Sc 3 343, 1938 

28a McCann, W S Bright's Disease A Review of Recent Literature, 
Arch Int Med 63 590 (March) 1939 

29 Blackman, S S Arteriosclerosis and Partial Obstruction of the Mam 
Renal Arteries m Association with “Essential” Hypertension m Man, Bull Johns 
Hopkins Hosp 65 353, 1939 

30 Leadbetter, W F , and Burkland, C E Hypertension in Unilateral Renal 
Disease, J Urol 39 611, 1938 

31 Bo}d, C H, and Lewis, L G Nephrectomy for Arterial Hypertension 
J Urol 39 627, 1938 
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of bilateral exploration for an adrenal tumor, found a kidney m which 
there was a large mfaict and marked arterial disease The patient, a 
man of 31 years, had persistent elevation of blood pressure Removal 
of the kidney was followed by a return of the blood pressure to noimal 
range Changes in the eyegrounds noted at the time of operation did 
not regi ess as the blood pressure fell Blatt and Page 32 report finding 
a patient with hypertension whose renal arteries were constricted by a 
retroperitoneal tumor 

It has long been known to urologists that urinary obstruction is fre- 
quently associated with hypei tension and that relief of the obstruction 
is commonly followed by lower blood pressure An interesting study 
bearing on this point was made by Maher and Wosika, 33 who reviewed 
the lecords of 600 patients with hypertension Of these, about one 
fifth had abnormalities of the urinary tract and kidneys, four fifths 
being left in the category of persons with “essential” hypertension In 
the cases of urologic involvement with elevated blood pressuie, pros- 
tatic hypei trophy was most frequent and chronic pyelonephritis next 
m frequency The authois give a long list of other conditions m which 
various combinations of urolithiasis, obstruction and infection were 
present Schroeder and Steele 34 made a study of “essential” hypei - 
tension in 71 young subjects who levealed no functional impairment 
of the kidneys Intiavenous pyelogiams revealed abnoimahties in 50 
of the 71 patients About one half of their patients had some form of 
unnai y obstiuction In our clinic my associates and I have been 
greatly impiessed with the fiequency with which unsuspected obstruc- 
tion and asymptomatic pyelonephritis are discovered m cases thought 
to be instances of “essential” hypertension A report of these obseiv- 
ations is m press 35 

The complexity of the problem of trying to untangle the clues to 
the etiology of the disordeis formeily grouped undei the diagnosis of 
“essential” hypertension is well illustiated by the efforts of Schroeder 
and Steele 3G to classify 218 cases according to the clinical conditions 
associated with the hypei tension Five groups were made according 
to the predominant condition In the renal group were 56 cases, with 

32 Blatt, E, and Page, I H Hypertension and Constriction of the Renal 
Arteries in Man Report of a Case, Ann Int Med 12 1690, 1939 

33 Maher, C C, and Wosika, P H Urologic Hypertension A Study of 
One Hundred and One Cases, J Urol 41 893, 1939 

34 Schroeder, H A , and Steele, J M Abnormalities in the Urinary Tract 
in “Essential Hypertension,” Proc Soc Exper Biol & Med 39 107, 1938 

35 McCann, W S Chronic Pyelonephritis A Cause of Hypertension and 
Renal Insufficiency, New York State J Med , to be published 

36 Schroeder, H A , and Steele, J M Studies on “Essential” Hypertension 
I Classification, Arch Int Med 64 927 (Nov ) 1939 
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14 cases of glomerulonephritis, 8 of calculus and 4 of pyelonephritis 
In 29 cases there were the factors of stone, infection or obstruction, 
either alone or in combination In 3 cases pregnancy was a factor 
Similaily, m the other groupings, of nervous, endocnne, vascular and 
unclassified disorders, pregnancy appeared as a factor A similai study 
has been made by Williams and Harrison, 37 with comparable results 
It is obvious at this time that the term “essential hypertension” does not 
apply to any clinical entity In view of the rapid progress of knowledge 
it will probably soon fall into entn e disuse At present it seems probable 
that m 80 to 85 per cent of these cases the condition depends on ather- 
omatous narrowing of the larger renal arteries at or near the aoita 
and that m 15 to 20 per cent the trouble is due to unsuspected dis- 
orders of the kidneys or the urinary passages 

PYELONEPHRITIS 

In previous reviews the growing interest m this subject has been 
recorded, m particular its relationship to hypertension and to the tox- 
emias of pregnancy The subject is thoroughly reviewed by Weiss and 
Paiker, 38 with an extensive bibliography and a careful analysis of 100 
cases These authors confirm the original thesis of Wilson and Schloss, 
that pyelitis never exists without pyelonephritis The extreme variability 
of the clinical couise is emphasized The infection may heal m a short 
tune, or it may peisist in a chronic form with either continuous or 
intermittent activity of the infection The description of the moipho- 
logic changes observed m the kidneys of 100 patients is most complete 
and emphasizes several points, namely, the involvement of the lymphatic 
system of the kidneys and the variety of vascular changes observed 
It is particularly noteworthy that m unilateral pyelonephritis the vas- 
culai lesions may be confined to the affected side With such unilateral 
involvement hypertension may or may not be obseived The vascular 
lesions aie similar to the severe obliterative lesions found m malignant 
nephrosclerosis Weiss and Parker estimate that m 15 to 20 per cent 
of the cases “malignant” hypei tension is due to pyelonephritis 

Encephalopathy, neuroretinitis and left ventricular failure with 
cardiac asthma were frequently observed in cases of hypertension due 
to pyelonephntis However, organic diseases of the cerebral and 
coronary vessels appear to have occuried less frequently than m hyper- 
tensions of other origin The vascular lesions of chronic pyelonephntis 

37 Williams, J R , Jr , and Harrison, T R Clinical Pictures Associated 
with Increased Blood Pressure A Study of One Hundred Patients Ann Int 
Med 13 650, 1939 

38 Weiss, S , and Parker, F , Jr Pyelonephritis Its Relation to Vascular 
Lesions and to Arterial Hypertension, Medicine 18 221, 1939 
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weie found to be mainly lestncted to the kidneys, m conti ast to those 
of “primary” malignant hypei tension, which aie generalized 

Pyelonephritis was found rarely to coexist with glomerulonephritis 
In pyelonephntis glomeiular changes are obseived, but these may be 
distinguished from those occurring in glomerulonephritis The chiomc 
and healed foims of the disease are more frequent than glomerulo- 
nephi ltis 

Pyelonephritis may complicate polycystic kidneys, hydronephrosis 
and tuberculosis of the kidneys The vascular lesions charactenstic of 
pyelonephritis did not occui in tuberculosis of the kidneys or in hydro- 
nephrosis which was uncomplicated by it 

Weiss and Parker believe that the hypertension of pyelonephritis is 
due to renal ischemia This belief is piesumably based on the character 
of the vascular lesions induced by this type of inflammatory process 
in the kidneys and the constrictive character of the interstitial fibiosis 
leading to contraction of the kidney These authois emphasize the 
implications of the knowledge of this condition in the practice of pre- 
ventive medicine Since pyelonephritis is the one form of renal disease 
that can be successfully tieated in its initial stages, a charge is laid on 
the conscience of eA^eiy physician who encounters it to nip it in the 
bud so that its disastious sequelae may be avoided 

GLOMERULONEPHRITIS 

The expel imental pioduction of glomerulonephritis by means of 
nephiotoxic serums of heteiologous origin has provided no explanation 
of the pathogenesis of the disease as it occurs m man Some recent 
observations of Schwentker and Comploier 33 are illuminating in this 
respect Rabbits were given injections of emulsions of homologous 
kidneys, alone and in combination with sti eptococcus toxin 01 staphylo- 
coccus toxin There were also controls which received the toxins alone. 
In the blood of rabbits which had received injections of both the lcidnej 
emulsion and one or the other toxin, complement-fixing antibodies weie 
found, one specific for kidney tissue and one nonspecific, in that it 
could be absorbed by the bram Similar complement fixations were 
obtained with the blood of a majority of patients with scarlet fevei 
In only a few instances did the blood of noimal patients exhibit this 
phenomenon This work suggests that cytotoxms originate autogenously 
when the kidney is injured by toxins It does not explain, however, 
why it is that m some peisons clinically recognizable nephritis develops 
after scarlet fever while it does not develop in others 

39 Schwentker, F F , and Comploier, F C The Production of Kidney 
Antibodies by Injection of Homologous Kidney Plus Bacterial Toxins, J Exper 
Med 70 223, 1939 
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Concerning the optimal amount of protein to be given m the diet 
of patients with glomerulonephritis, there has been consideiable diver- 
gence of opinion In recent years the trend of opinion m clinical circles 
has been definitely m favoi of greater liberality, with some dissenting 
voices Cameron 40 has 1 eviewed the evidence m favor of a libei al 
lation of protein From his own experience he lecommends only tem- 
poraiy and model ate restriction dunng the initial and terminal stages 
Undei other circumstances he advocated a basic ration of 70 to 80 
Gm per day, to which should be added the equivalent of the piotem 
lost m the mine 

There have come from expeiimental laboratories certain observations 
which call for careful consideration and evaluation by clinicians Smadel 
and Farr 41 have obseived the effect of the amount of piotem m the 
diet on the course of experimental nephrotoxic nephutis in lats These 
rats weie divided into groups receiving low, medium and high protein 
diets (4, 14 and 32 pei cent of the total number of calories, respectively) 
In those rats of the Whelan strain receiving low protein diets there 
was clinical and pathologic evidence that the disease subsided rapidly 
The acute tubulai injury resolved without permanent damage, and only 
moderate residual changes were noted in the glomeruli In contrast, 
the disease progressed rapidly to renal failure m those receiving high 
protein diets In more than half of the rats receiving medium protein 
diets renal failuie developed, the general results being similar to those 
obtained in rats on a mixed stock diet 

One of the most significant effects obseived in lats receiving the 
high protein diets is obhteiative scarring of the tubules, with general 
evidence of epithelial mjuiy of the kidneys The diets given were 
isocaloiic, the low protein diets being high in carbohydrate and the 
high piotem diets low m carbohydrate The question therefore rises m 
my mind as to whether or not the tubular injury may have been due 
rather to the lack of the piotective action of carbohydrate against toxic 
injury, an action analogous to that exerted by carbohydrate in the liver 
This would explain one disci epancy between these findings and the 
clinical observations made by my associates and me m our clinic, since 
the diets given there, which seemed not to exert any harmful effect, were 
libei al m the use of caibohydrate as well as of piotem 42 

40 Cameron, JDS Protein in the Treatment of Nephritis, Edinburgh 
M J 46 386, 1939 

41 Smadel, J E , and Farr, L E The Effect of Diet on the Pathological 
Changes in Rats with Nephrotoxic Nephritis, Am J Path 15 199, 1939 Farr, 
L E , and Smadel, J E The Effect of Dietary Protein on the Course of 
Nephrotoxic Nephritis in Rats, J Exper Med 70 615, 1939 

42 McCann, W S The Many Sided Question of Protein in Nephritis, 
Ann Int Med 5 579, 1931 Keutmann, E H , and McCann, W S Dietary 
Protein m Hemorrhagic Bright’s Disease, J Clin Investigation 9 973, 1932 
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In a later paper Smadel and Swift 43 note the fact that the Whelan 
strain and the Evans stiam of rats react differently as to the effect of 
the nephrotoxic serum and diet In the latter rats the nephritis tended 
to subside lapidly and independently of the character of the diet The 
gi eater susceptibility to the deletenous effects of piotem may be a 
peculiarity of the Whelan strain 

Further light is thrown on this question of the dietary protein b) 
Addis and Lew 44 and Bergman and Diury, 45 who have arrived inde- 
pendently at the same conclusion, namely, that the deleterious effect of 
meat protein is due to the high content of potassium The former 
investigators pioduced anuna and a great increase in blood urea by 
ligation of the vena cava just above the point of entry of the renal 
veins In groups of 40, rats were given diets designed to induce wide 
variations in protein consumption and catabolism None of the animals 
died when given diets which were low m protein or which included 
moderate amounts of milk and ceieal protein With diets of dried yeast 
and casein no deaths occurred When the intake of piotem was large, 
including dried liver, kidney and beef, the mortality of the groups of 
lats was 8, 9 and 16 per cent, respectively A water extract of the meat 
gave a 52 per cent mortality, while an alcohol-soluble extract gave none 
Solutions of potassium acid phosphate (ICH 2 P0 4 ) and chloride caused 
the same mortality rate among the rats as did the water extract 

Bergman and Druiy observed that the survival time after bilateral 
nephrectomy could be made very uniform under standard conditions 
If sugai was given to the rats the survival was prolonged If meat 
was given it was shortened The urme of meat-fed rats was deleterious, 
and this effect was believed to be due to the high potassium content of 
this urme 

If the foregoing observations and interpretations aie correct, the 
amount of protein may prove to be not as important as its source Milk 
proteins may be less objectionable from the standpoint of having less 
potassium One may also speculate as to whether the toxic effects of 
potassium might not be removed if there were a proper balance of other 
mineral substances, such as calcium and sodium These questions are 
not answered m the studies just referred to 

43 Smadel, J E, and Swift, H F The Effect of Prolonged Administra- 
tion of Sulfanilamide on Rats with Nephrotoxic Nephritis, J Chn Investigation 
18 757, 1939 

44 Addis, T , and Lew, W Diet and Death in Acute Uremia, J Clin 
Investigation 18 773, 1939 

45 Bergman, H C , and Drury, DR A Study of Acute Renal Insufficiency 
J Clin Investigation 18 777, 1939 
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A senes of papeis by Chanutm and Ludewig 48 appear to have 
somewhat the same nnpoit as those of Beigman and Diury, except that 
the deleterious effects weie not attributed to potassium 

The nature of the aiteriolar tonicity m acute glomeiulonephntis has 
been studied by Arnott and Matthew, 47 the heat elimination from one 
hand being used as a measure of the blood flow through the hand 
When the other hand was immeised in cold water the elimination of 
heat of the immersed hand was gi eater than normal, and this was 
taken as an indication of an mci eased blood flow These observations 
weie m confiimation of some previous work by Picketing, who found 
the blood flow normal m chronic hypei tension and mci eased m acute 
hypertension undei the conditions described These obseivations recall 
the work of Landis, Montgomeiy and Spaikman, which has been pre- 
viously reviewed, their woik showed that the action of lenm is unlike 
that of othei pressor substances in that it does not deciease the tem- 
peratuie of the skm 

The hypertension of glomeiulonephntis has been shown by Hayman, 
Maitm and Miller 48 to bear little lelationship to the number of patent 
glomeruli For a number of years Hayman has employed a method of 
estimating the number of glomeiuli remaining patent In the most 
recent study it was found that when less than 700,000 glomeruli pei 
kidney weie patent the systolic blood pressuie was 150 or more Below 
this critical level there was no correlation with the count of glomeruli, 
and elevation of blood pressure was obseived m instances m which 
there was little oi no reduction in the count However, if the maximum 
concentration of the urine is consideied, one again finds a cutical 
decrease m concentiatmg power at about 700,000 glomeruli per kidney 
Below that level the maximum specific giavity is 1 010 When hypei - 
tension occurs m glomerulonephritis, together with low concentrating 
power, one may suppose that the number of patent glomeruli aie less 
than 700,000 per kidney, and if the maximum concentration is in noimal 
limits, moie than this number of glomeruli are patent Hayman points 

46 Chanutm, A , and Ludewig, S Experimental Renal Insufficiency Produced 
by Partial Nephrectomy XI Diets Containing Dried Extracted Liver, Arch 
Int Med 64:513 (Sept) 1939, XII Diets Containing Dried Extracted Meat, 
ibid 64 526 (Sept) 1939, XIII A Summary of the Effect of Whole Liver, 
Whole Meat, Extracted Liver and Extracted Meat Diets on Renal Hypertrophy, 
Renal Function, Blood Pressure, and Cardiac Hypertrophy, ibid 64 747 (Oct) 
1939, XIV Diets Containing Whole Dried Yeast, ibid 64 756 (Oct) 1939 

47 Arnott, W M , and Matthew, G D The Nature of the Arteriolar Hyper- 
tomcity m Acute Glomerulo-Nephritis, Quart J Med 8-353, 1939 

48 Hayman, J M , Jr , Martin, J W, Jr, and Miller, M Renal Function 
and the Number of Glomeruli m the Human Kidney, Arch Int Med 64 69 
(July) 1939 



652 


ARCHIVES OF INTERNAL MEDICINE 


out that the degiee of functional lmpanment m the glomeiuli may be 
gieatei than the degiee of damage levealed in the histologic prepaia- 
tions It was found that in certain cases of acute infections and jaundice 
cleaiance and concentrating ability may be maikedly reduced in spite of 
a normal number of glomeiuli showing no significant change m the 
histologic sections 

INTERCAPILLARY GLOMERULOSCLEROSIS 

In 1936 a syndrome was descnbed by Kimmelstiel and Wilson, 40 
consisting of diabetes, albuminuria, hypei tension, letmal vasculai 
changes and a nepluotic syndiome, and some degree of renal insuffi- 
ciency was found to be associated with a pecuhai intercapillary glomeru- 
losclerosis A number of cases of this syndrome have been collected 
and are further descnbed by Newburger and Peters 50 In the glomeruli, 
hyaline deposits are laid down between the basement membrane and 
the epithelium Amyloid is to be excluded The pictuie is not to be 
confused with mtei capillary fibiosis, which sometimes occurs in glomeiu- 
lonephntis and may be recognized by special stams of the basement 
membrane The authors regard the condition as a clinical entity which 
depends on severe and extensive arterial and artenolar degeneiation 
associated with and perhaps lesulting m diabetes and renal damage 

THE NEPHROSES 

Suppoit for the idea that there is a genuine lipoid nephrosis, as 
distinguished fiom a nepluotic stage of glomerulonephritis, is strongest 
m pediatnc cucles Beaung on a pecuhai metabolic distuibance in 
the nephroses of children are some important observations of Farr 51 
He observed that the nitiogen balance of 2 children with the nephrotic 
syndrome showed maiked spontaneous changes which preceded clinical 
evidences of increased seventy of the syndrome Mild infections of 
the upper respiratory tract tend to produce negative nitrogen balances, 
with failuie to assimilate nitrogen and increased protemuna Nepluotic 
crises occur which are not uniformly accompanied by^ an increase in 
nitrogen loss Such episodes reflect an acute distuibance m a patient 
chronically'- manifesting evidence of inability to assimilate protein 

49 Kimmelstiel, P , and Wilson, C Intercapillary Lesions in the Glomeruli 
of the Kidney, Am J Path 12 83, 1936 

50 Newburger, R A , and Peters, J P Intercapillary Glomerulo-Sclerosis 
A Syndrome of Diabetes, Hypertension, and Albuminuria, Arch Int Med 61 
1252 (Dec) 1939 

51 Farr, L E Assimilation of Protein by Young Children with Nephrotic 
Sjndrome III Effect of Nephrotic Crises on Assimilation of Nitrogen, Am J 
Dis Child 58 939 (Nov ) 1939 
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Fan 52 also notes that when these childien aie on a fixed nitrogen 
intake vaiying the pioportions of fat and caibohydiate has no effect 
on the mtiogen balance 

In the nephioses of children Fan and Van Slyke 53 find that edema 
can be conti oiled satisfactory in most instances by simple lestriction 
of salt, togethei with an adequate diet, when the plasma albumin con- 
centiation is above 1 2 Gm pei hundred cubic centnneteis This 
concentration is decidedly below that of 2 5 Gm per hundred cubic centi- 
meteis found foi adults in then clinic 

MacLeod and Fan 51 discuss the unusual susceptibility of nephiotic 
childien to pneumococcic pentomtis The attacks of this infection aie 
usuall) due not to fleshly acquit ed oiganisms but to an organism 
earned foi some time, which invades when the resistance is lowered by 
some metabolic distuibance, such as the acute nephrotic crises pieviously 
described 

The obsenations of Majoi 55 on the treatment of lipoid nephiosis 
show that the best results weie obtained by tbe use of high caiboh}diate 
diets, blood tiansfusions and diuietics Administration of an antenoi 
pituitary extract (antuitrin G), cholme ( hydroxy ethyltiimethylam- 
monium hydroxide) and adienal coitex extract had no appi enable 
effect on the couise of the disease, although m some instances the inges- 
tion of cholme seemed to lower the content of blood cholesteiol 

Yuile and Knutti 68 leport expemnents on the use of acacia which 
should furthei discouiage those vho would lashly use this substance 
m the management of the edema of nephiosis When weekly mtia- 
venous injections of acacia weie repeated foi foui oi five months, it 
was found possible to maintain the concentration of plasma piotem 
and of total circulating protein at a low level When the injections 
were stopped the effect continued foi seveial months moie, during 
which the acacia lemamed m the blood That the fibrinogen of the 
plasma was reduced out of propoition to the other proteins indicated 
an effect on the luer Plasma volume decreased at fiist and then 

52 Farr, L E Assimilation of Protein by Young Children with Nephrotic 
Syndrome, Am J Dis Child 58 935 (Nov ) 1939 

53 Farr, L E, and Van Slyke, D D Relation Between Plasma Protein 
Level and Edema m Nephrotic Children, Am J Dis Child 57 306 (Feb ) 1939 

54 MacLeod, C M , and Farr, L E Relation of the Carrier State to 
Pneumococcal Peritonitis in Young Children with Nephrotic Syndrome, Proc 
Soc Exper Biol & Med 37 556, 1937 

55 Major, R H Observations on the Treatment of Lipoid Nephrosis, 
Ann Int Med 12 1555, 1939 

56 Yuile, C L , and Knutti, R Blood Plasma Proteins as Influenced b\ 
Intravenous Injection of Gum Acacia II Production of Chronic Hypoproteinemia 
J Exper Med 70 605, 1939 
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increased to a value 20 to 24 per cent above basal levels, but the total 
blood volume did not mciease since there was a decrease in cell volume 
These obseivations appeal to me as highly important, since they indi- 
cate that the injection of acacia may actually interfere with the regen- 
eration of plasma protein through interference with hepatic function 

The early recognition of lenal amyloidosis in tubeiculous patients 
is discussed by Altnow, Van Winkle and Cohen 67 In a majority of 
the cases studied the onset could be dated with reasonable accuiacy 
from some clinical event, such as the onset of enteritis, pleuial effusion, 
empyema, or other suppuration, the institution of pneumothorax or 
some other surgical proceduie In the greater number of patients 
amyloidosis developed m association with enteritis, or m association with 
pleuntis, peritonitis or pericarditis, alone or m combination If the 
diagnosis were to be made only on the observation of suppuiative lesions 
in association with enlargement of the hvei and spleen, the great 
majonty of the cases would be missed Hyposthenuna was the most 
constant single finding 

Concei mng renal disease in syphilis Baker 68 makes an interesting 
leport It appeals that there is a not mfiequent type of nephrotic 
lesion to be observed in the kidneys of those dying with syphilis This 
has been described by Rich and also by Bauei Occasionally this con- 
dition may be manifest as a clinical nephrosis, and in cases of this type 
as well as in those of hemorrhagic nephritis occurring in syphilitic 
patients, lesions may heal under antisyphihtic therapy In the cases 
of hemorihagic nephritis healing may be pioduced by the closing over 
of ulcers of the uppei respiratory tract, through which infection may 
have entered to give rise to the nephritis Theie remains the possibility 
that the spirochetes may be capable of exciting either a nephiosis oi a 
nephntis The effect of theiapy is suggestive but not conclusive 

Smetana 69 descnbes the clinical events and the pathologic changes 
occurnng m patients m whom a nephrosis develops after the inhalation 
of carbon tetrachloride In addition to hepatic damage the renal symp- 
toms consist of oliguria or anuria, azotemia and subsequent hyper- 
tension and the presence m the urine of albumin, leukocytes, led cells, 
casts and bile Histologically, the kidneys leveal a distention of 
Bowman’s capsule by an albuminous precipitate and swelling of the 

57 Altnow, H O , Van Winkle, C C , and Cohen, S S Renal Amyloidosis 
A Further Study of the Clinical Course and Pathological Lesions in Fifty-Seven 
Cases, Arch Int Med 63 249 (Feb ) 1939 

58 Baker, B M, Jr The Relation of Syphilis to Nephritis, Bull Johns 
Hopkins Hosp 65 196, 1939 

59 Smetana, H Nephrosis Due to Carbon Tetrachloride, Arch Int Med. 
63 760 (April) 1939 
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lining cells, by swelling and vacuolation of the proximal tubular epi- 
thelium and by degeneration and necrosis of the distal tubular cells 
and Henle’s loop, with desquamation and plugging of the tubules 
Concretions are present, the nature of which remains obscure 

Much has been written about the renal complications of multiple 
myeloma Some recent observations of Uliich 00 indicate that m some 
cases hydronephrosis occuis as a result of obstruction of the tubules 
by casts of Bence-Jones protein In other cases the mechanism is not 
known 

PHYSIOLOGIC STUDIES 

Homer Smith and his collaborators G1 have extended their studies of 
the lenal circulation to determine the effects of high spinal anesthesia 
When this is carried to levels considerably above those at which the 
sympathetic pathways to the kidneys emeige from the cord, renal 
hypeiemia was not obseived, nor was there any consistent effect on 
the renal circulation This confhmed their view that the tonus of the 
renal aiterioles is noimally maintained by the autonomous intrinsic 
activity of the penpheral vasculai appaiatus and that it is not dependent 
on the activity of the central nervous system 

In work pieviously reviewed, Smith and his colleagues estimated 
that the noimal renal blood flow as measured by the diodrast clearance 
is m the neighboihood of 1,340 cc per minute for a man of 1 73 squaie 
meters of body surface Chesley and Chesley 02 piesent data which 
indicate that the estimates ai lived at by Smith aie too high In a gioup 
of normal women they found the renal blood flow to be 879 cc per 
minute, the flow being 856 cc m a group of pregnant women They 
suggest that the higher lesult obtained by Smith was due to the fact 
that the diodrast was given m the same infusion with mulin, phenol- 
sulfonphthalem and sometimes sodium sulfate They point out that 
Herrick, Mann and Sheehan 03 found that phenolsulfonphthalem and 
cieatimne alter the renal blood flow as measuied by a thermostiohmuhr 

Chesley and Chesley also calculate that the renal blood flow of other 
animals is 3 2 to 3 3 cc per gram of kidney Estimating the aveiage 

60 Ulrich, H Multiple Myeloma, Arch Int Med 64 994 (Nov ) 1939 

61 Smith, H W , Rovenstine, E A , Goldrmg, W , Chassis, H , and Ranges, 
H A The Effects of Spinal Anesthesia on the Circulation in Normal, Unoperated 
Man with Reference to the Autonomy of the Arterioles, and Especially Those 
of the Renal Circulation, J Clin Investigation 18 319, 1939 

62 Chesley, L C , and Chesley, E R The Diotrast Clearance and Renal 
Blood Flow in Normal, Pregnant and Non-Pregnant Women, Am J Physiol 
127:731, 1939 

63 Herrick, J F , Mann, F C , and Sheehan, H L The Influence of Phenol 
Red and Creatinine on the Renal Blood Flow, J Pharmacol & Exper Therap 
66 73, 1939 
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weight of the kidney m women studied, they believe that their results 
are more m keeping with this figure than aie those of Smith On the 
basis of mean kidney weight they would expect a total renal blood 
flow of 1,080 cc in men 

Chesley also comments on the vai lability of the piotemuna in the 
hypertensive toxemias of pregnancy 01 The concenti ation of protein 
in the filtrate is calculated from that of the urinary protein by assuming 
it to be pioportional to the ratio of the urinai y cieatinme to the endog- 
enous cieatmine He found that the amount of piotein filtered varies 
little from houi to horn m nephritic patients, m contrast to a gieat 
variability in w'omen with toxemia, which he takes as an indication 
that the proteinuria is due to vascular spasm in such cases It would 
seem unwise to accept this work without some reservations, especially 
m view of the possibility that some of the urinai y piotem may come 
from the tubules, just as some of the creatinine has been found to be 
secreted rather than filteied 

The blood volume in Bright’s disease has been measured by Hains 
and Gibson GS The plasma volume was found to vary dnectly as the 
albumin and nonpiotem nitrogen concentrations of the serum, and to 
vary inversely as the degree of anemia The mteii elation of the plasma 
and red cell volumes w'as such that the total blood volume was below' 
normal in all stages of the disease When congestive heart failuie 
was present the 'volume w r as greater than it w'ould have been without it 
The circulation time w'as also observed to be prolonged in the nepluotic 
syndiome 

Smith 16a estimates that the noimal tubules have the capacity of 
lesoibmg dextrose to a maximum capacity of 320 mg per minute and 
he points out that the renal thieshold is to be conceived in teims of 
maximal resorptive capacity lathei than in teims of plasma dextiose 
concentration Govaeits and Mullei Gc have studied the mechanism of 
dextrose excietion by the kidney in the diabetic dog They take the 
creatinine clearance as the measuie of the glomeiulai filti ation and 
estimate the concentration of dextiose m the filtrate fiom the aiterial 
plasma In this W'ay they estimate the amount of dextiose filtered 
per minute As the value of blood sugar rises, the amount of dextiose 
resoibed increases to a maximum above which it does not increase no 

64 Cheslev, L C The Variability of Proteinuria in the Hypertensive Com- 
plications of Pregnancy, J Clin Investigation 18 617, 1939 

65 Harris, A W, and Gibson, J G, Jr Clinical Studies of Blood Volume 
VII Changes in Blood Volume in Bright’s Disease With or Without Edema, 
Renal Insufficiency, or Congestive Heart Failure, and in Hypertension, J Clin 
Investigation 18 527, 1939 

66 Govaerts, P , and Muller, P The Mechanism of Glucose Excretion by 
the Kidney in Diabetic Dogs, J Clin Investigation 18 25, 1939 
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mattei how high the value of the blood sugai In 1 dog the thieshold 
was thus found to be 390 mg , and in another, 347 mg Similar studies 
weie earned out in a case of diabetic coma lepoited by McCance and 
Widdowson 07 The mine contained only 13 mg of dextiose when 
the plasma sugai was 550 mg pel hundied cubic centimeteis, and the 
muhn cleaiance (filtiate) was 125 cc pei minute This would indi- 
cate a “thieshold” or lesoiption of 670 cc per minute, a value greatly 
m excess of nonnal 

The effect of the adienal glands on the excietion of sodium and 
potassium has been investigated by Hamson and Danow 08 They 
found that after adrenalectomy the tubules failed to lesoib sodium 
when the plasma sodium concenti ation was low and that they failed 
to excrete potassium when the plasma concentration of this substance 
was high 

In patients with essential and malignant hypei tension de Wesselow 
and Thomson 09 found the serum potassium concenti ation to be lower 
than m noi mal persons on the same diet, and it was lower in per- 
sons with malignant hypertension than m persons with benign hyper- 
tension Low levels of plasma sodium were not infrequently observed 
in patients with malignant hypertension The administration of sodium 
salts was found to raise the blood piessuie in patients with hypei - 
tension, while potassium salts were found to have the opposite effect 
These alteiations aie slight and requue amounts beyond the oidmary 
lange found in the diet Attempts to deplete the sodium content of the 
body were without effect 

MISCELLANEOUS 

Lmdbeig, Wald and Baiker 70 have found that the mtiavenous use 
of concenti ated solutions containing 50 per cent of sucrose may produce 
tiansient reversible changes in the tubules and glomeruli of dogs If 
the injections are often lepeated the changes are moie marked and may 
lequne a longei time for restitution oi may even lesult m permanent 
alterations No such changes occuried after similar use of 50 per cent 

solutions of d-sorbitol, 50 per cent solutions of dextrose or 10 per cent 

solutions of sodium chloride 

67 McCance, R A , and Widdowson, E M Functional Disorganization of the 
Kidney in Disease, J Physiol 95 36, 1939 

68 Harrison, H E, and Darrow, D C Renal Function in Experimental 

Adrenal Insufficiency, Am J Physiol 125 63, 1939 

69 de Wesselow, O L V S , and Thomson, WAR A Study of Some 
Serum Electrolytes in Hypertension, Quart J Med 8 361, 1939 

70 Lmdberg, H A , Wald, M H, and Barker, M H Renal Changes Fol- 
lowing Administration of Hypertonic Solutions (50 Per Cent Sucrose, 50 Per 
Cent D-Sorbitol, 50 Per Cent Dextrose, and 10 Per Cent Sodium Chloride) 
Arch Int Med 63 907 (May) 1939 
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The effect of alcohol on the kidneys of normal persons and on those 
of patients with Bright’s disease has been studied by Bruger, Localio and 
Guthrie , 71 who report that alcohol or whisky raiely augments the pio- 
temuna of Bright’s disease Marked diuresis may follow its use even 
when the lenal function is badly unpaired No deleterious effects were 
observed in normal subjects In patients with nephrosclerosis there was 
sometimes observed to be a transient mciease in the number of formed 
elements and a depression of function 

In some instances patients leceivmg sulfapyndme were found by 
Southworth and Cooke 72 to suffer from hematuria, abdominal pam and 
nitrogen letention This condition was attributed to the effects of the 
drug, since it cleared when the drug was withheld Antopol and Robin- 
son 73 observed the formation of uiohths in rats, labbits and monkeys 
to whom sulfapyndme was given The uiohths vere foimed by needle- 
like crystals of the acetyl denvative and were located most fiequently 
at the level of the brim of the pelvis They were not radiopaque, 
though calcium deposits weie sometimes found about them Toomey 74 
has confirmed these lepoits of finding large concietions in the bladder, 
uieters and pelvis of the kidneys, which were hyperemic and enlarged 
and sometimes the seat of pyelonephritis He warned against the 
use of sulfapyndme in the piesence of nephritis and urinary retention, 
and in particular he warned against its use in poliomyelitis, since it has 
no effect in this infection 

Smadel and Swift 43 found sulfanilamide to be without deleterious 
effects on the course of experimental nephrotoxic nephritis 

A new method of pioducmg renal ischemia and experimental hyper- 
tension has been devised by Page , 70 who induced prolifeiative perme- 
phntis as a reaction to enclosing the kidneys m cellophane Removal 
of the kidney so affected cured the hypertension Denervation of the 
kidney does not pi event the occurrence of hypertension He suggested 
that perinephritis may be an additional cause of hypertension in man 

71 Bruger, M , Localio, S A, and Guthrie, N W Effect of Alcohol on 
Normal Kidney and the Kidney of Bright’s Disease, JAMA 112 1782 
(May 6) 1939 

72 Southworth, H , and Cooke, C Hematuria, Abdominal Pam, and Nitrogen 
Retention Associated with Sulfapyndme, JAMA 112 1820 (May 6) 1939 

73 Antopol, W, and Robinson, H Urolithiasis and Renal Pathology After 
Oral Administration of Sulfapyndme, Proc Soc Exper Biol & Med 40 428, 
1939 

74 Toomey, J A Urinary Concretions and Sulfapyndme, JAMA 
113 250 (July 15) 1939 

75 Page, I H Production of Arterial Hypertension, JAMA 113 
2046 (Dec 2) 1939 
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Clinical Gastroenterology By Horace Wendell Sopei, MD , F ACP Cloth 
Price, §6 Pp 314, with 212 illustrations St Louis C V Mosby Company, 
1939 

This book is printed on an excellent quality of paper , the type is better than 
average, and the lllustiations are generally good Unfortunately, the material 
contained in the book does not measuie up to the standards set by the publisher 
The author discusses diseases of the gastrointestinal tract He includes, of 
course, diseases of the liver and biliary system and the pancreas The content is 
principally the author’s personal opinions and is mainly the result of his own large 
experience Nothing particularly new is offered, although many portions of the 
book may be called novel The advice that granulocytopenia be treated by inten- 
sive administration of neoarsphenamme will cause many hematologists to shudder 
Arsenic is under consideration as a cause of neutropenia, not as a cure 

The tirade against milk is an example of wishful, but hardly scientific, 
reasoning 

The discussion of the various dyspepsias (a poor term at best) leaves the reader 
confused and baffled Another baffling chapter is the one on indicanuria The 
reader is left with the conclusion that “indicanuria (and such symptoms as may 
be attributed to it) is amenable to general and hygienic treatment, but the reaction 
in the urine remains four-plus regardless of the improvement in the patient’s 
condition ” 

The chapter on disease of the liver and of the gallbladder is totally inadequate 
The pancreas is considered in two and one-half pages, one page of which deals 
with diabetes mellitus 

This list of examples, which could be extended, leaves the reader with the 
impression that the book was rather carelessly put together and that there was 
a lack of critical judgment m the preparation of the material This impression 
is augmented by the appearance of poor English “Diagnosis is of extreme lmpoi- 
tance as they are very amenable to operative treatment ” This remark, set out 
as a separate sentence, is a little difficult to interpret Colloquialisms are used 
with too great frequency “The monkey wrench in the works” is understandable 
to the American reader but might not be so readily translated or understood by 
one whose education did not include the use of American slang 

Altogether the book has little to recommend it to the critical reader 

Chirurgie der Lungen und des Brustfelles By Alfred Brunner Price, 24 
marks Pp 277 Dresden Theodor Stemkopff, 1938 

This twenty-sixth volume of the “Medizmische Praxis” series is concerned 
primarily with the surgical diseases of the lung and pleura Its purpose is the 
succinct compilation and presentation for the practicing physician of the material 
on surgical management of the commoner diseases of the lung and pleura 
Accordingly, it succeeds in being a compendious review of these conditions 
Obviously, completeness in respect to details must be sacrificed 

Among the conditions considered by the author are abscess and gangrene of 
the lung, bronchiectasis, pulmonary tuberculosis, empyema, tumors, parasitic dis- 
eases and fungous infection of the lung and pleura The well established indica- 
tions and rationale of the various methods of conservative and operative manage- 
ment of these conditions are discussed Appropriately, the greatest amount & of 
space is devoted to tuberculosis The indications and various technics of collapse 
therapy are briefly described In this regard better illustrations of the operative 
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technic of extiapleural thoi acoplasty are considered desirable There is an excel- 
lent author and subject index, and the incomplete but fairly representative indexed 
bibliogiaphy is helpful 

Les maladies de l’oesophage By J Tenacol, Professoi of the Faculty of 
Medicine of the University of Montpellier Price, 220 francs Pp 664, with 
352 illustrations Paris Masson et Cie, 1938 

This book by Terracol, written with the collaboiation of 16 other persons 
inteiested in various fields of the subject, includes a detailed discussion of the 
diseases of the esophagus The subject is presented in the usual fashion, including 
a discussion of anatomy, physiology and methods of studv, such as the endoscopic 
technics and roentgenology, clinical syndromes of esophageal dysfunction and 
therapy The subject is presented clearly and ccmpletelj, with much space 
devoted to endoscopic procedures for study and theiapy The book is well illus- 
trated, having 352 figures m all At the end of each chapter there is appended a 
fairly large bibliography, which is almost entirely European, especially French 

This monograph represents much woik and should prove to be of considerable 
value to those interested in gastioenteiology and endoscopic procedures on the 
esophagus and to the internist, surgeon and roentgenologist, who frequently desire 
a book containing an accumulation and evaluation of the liteiature on the subject 
of diseases of the esophagus 

Surgical Anatomy By C Latimer Callander, MD, FACS Second edition 
Price, $10 Pp 858, with illustrations Philadelphia W B Saunders Com- 
pany, 1939 

The second edition of Callander’s book on surgical anatomy is essentially the 
same as the first In deleting discussions and illustrations which were out of date, 
the author has shortened the book by approximately 250 pages Additions weie 
made to include more recent advances in surgical anatomy, especially pertaining 
to surgery of the sympathetic nerves, syndromes involving the scalenus anticus 
muscle and cervical rib and the like The book retains its lucid and practical 
featuies and should* continue to be well received by surgeons 


News and Comment 


American Board of Internal Medicine, Inc — The American Board of 
Internal Medicine will conduct oral examinations previous to the meeting of the 
Amencan College of Physicians in Cleveland and to the meeting of the American 
Medical Association m New York 

Applicants who have successfully passed the written examination and who 
plan to take the oral examination in 1940 should advise the office of the secretary 
at least six weeks in advance of the date of the examination they desire to take 
The next wntten examination will be given on October 21 Applications for 
this examination must be filed in the secretary’s office by September 1 

Application forms may be obtained fiom Di William S Middleton, secretary- 
treasurer, 1301 University Avenue, Madison, Wis 
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SUDDEN OCCLUSION OF CORONARY ARTERIES 
FOLLOWING REMOVAL OF CARDIO- 
SENSORY PATHWAYS 

AN EXPERIMENT. AL STUDY 

C G McEACHERN, MD, B Sc (Med) 

G W MANNING, MA 

AND 

G E HALL, MD, PhD 

TORONTO, CANADA 

In a pievious paper 1 expenments were lepoited showing that in dogs 
moi plune and ether anesthesia maikedly reduced the mortality rate after 
ligation of coronary aiteries In those experiments sudden death follow- 
ing ligation of the circumflex blanch of the left coionary aitery in the 
anesthetized dogs occuired in 25 per cent Similar ligation m dogs m 
the conscious state lesulted m a mortality late of 75 per cent Again, 
when ligation of the antenor descending branch of the left coronary artery 
" as effected with anesthesia the mortality rate was less than 10 per cent, 
•while similar ligation m conscious animals was followed by an increase 
m the mortality rate to approximately 40 pei cent 

From direct and indirect obseivations on the conscious animals m 
that series of experiments it was suggested that m addition to the pri- 
mary ischemic area pioduced by such ligation othei areas of n^ocardium 
weie rendeied ischemic by a possible reflex spasm of the collateral 
coionaiy arteries and aiterioles The leflex mechanism was believed 
* t0 im hated by metabolites produced m the ischemic aiea initiating 
affeient impulses which, m turn, produced eflfei ent vagal impulses, 
causing constriction of the medium-sized and smallei -sized coronary 
artenes The maiked reduction m mortality when ligation was per- 
foimed with a surgical degree of anesthesia suggested that this reflex 
mechanism had been depressed 

Aided by a grant from the Josiah Macy Jr Foundation, New Yoik 

Froni the Department of Medical Research, Banting Institute, University of 
Toronto Faculty of Medicine 

1 Manning G W , McEachem, C G, and Hall, G E Reflex Coronary 
Artery Spasm Following Sudden Occlusion of Other Coronary Branches, Arch 
Int Med 64 661-674 (Oct ) 1939 
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We believe that this leflex mechanism alone is not completely 
lesponsible for the higher moitahty in the conscious animal As a result 
of our previous experiments it would appeal, also, that certain areas 
of the myocardium are moie readily influenced by ischemic processes 
than other regions and that ectopic beats, tachycaidia and ventricular 
fibrillation are more readilly initiated when these highly irritable legions 
become ischemic 

We believe also that the degiee of pain expenenced by the animals 
after ligation of the coronal y arteiy in the conscious state might play a 
pait m mci easing the moitahty rate under these conditions In this 
connection it is only necessaiy to mention heie that the cardiosensory 
pathways are located m the ceivical and thoiacic cardiac nerves and 
pass through the stellate and upper five thoiacic ganglions on their way 
to the spinal cord Aftei the complete lemoval of these ganglions ani- 
mals should not expeuence any pam as a lesult of ligation of the 
coionary arteiy 

The puipose of the present papei is to lepoit the lesults of experi- 
ments which show that the removal of the cardiosensory pathways 
piotects the animal from pam and sudden death after ligation of the 
coronary artery m the conscious state 

Three groups of experiments weie earned out in this series In 
the first group partial cardiosensory denenation was produced by 
lemoval of the stellate and uppei five thoiacic ganglions on one side 
only Pam was deci eased, and the moitahty following ligation of the 
large left circumflex branch was reduced In the second group, in which 
complete cardiosensoiy deneivation was produced, ligation of the smaller 
anterior descending branch resulted in no sudden deaths, and no pam was 
evidenced In the third gioup complete caidiosensoiy ligation of the 
laige left cncumflex branch resulted m a marked decrease in the 
mortality rate, and again no pam was evidenced 

The possible clinical significance of this woik will be discussed later 
in the paper 

EXPERIMENTS 

Forty-six normal adult dogs used in this senes weie divided into 
three groups In group 1 the left stellate and upper five thoracic 
ganglions weie removed At the same operation a loose ligature was 
placed around the circumflex branch of the left coronary artery close 
to its origin The two ends of the loose ligatuie weie bi ought to either 
end of the incision, the thorax was closed, and a sterile dressing was 
placed over the wound The animal was allowed to recover from the 
anesthesia (morphine and ether) The following day ligation of the 
artery was effected by sudden traction on the ends of the ligature 

In group 2 the stellate and upper five thoracic ganglions were 
removed bilaterally At a subsequent opeiation a loose ligature was 
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placed around the antenoi descending branch of the left coronary arteiy, 
and the animals weie then tieated as in gioup 1 

The animals in gioup 3 were prepared m a similai manner to those 
m gioup 2 except that the circumflex branch of the left coronary aitery 
was ligated 

Seveial normal electiocaidiograms weie taken on all dogs while 
they were lying on then light sides prior to any surgical intervention 
Records were taken befoie, dm mg and at varying intervals after liga- 
tion In some instances continuous blood pressuie lecordmgs were 
made Immediately autopsy was performed on all animals which died 

Although the surviving animals weie kept quiet foi a few hours, 
no attempt was made to limit their activities after this time Some 
deaths from cardiac failure, resulting fiom ovei exertion m the presence 
of a damaged myocaidium, would be expected In spite of this eventu- 
ality deaths occurring within twenty-four hours of ligation were listed 
as “sudden deaths ” 

Group 1 — Sudden occlusion of the left circumflex blanch in animals following 
leinoval of the stellate and upper five thoiacic ganglions on the left side 

Twelve dogs were used m this group Only slight cardiac pain was evidenced 
after sudden ligation of the aitery in the conscious state Dyspnea, restlessness, 
shock and sudden loss of consciousness were not obseived in the animals which 
survived the sudden occlusion 

In this group 8 survived and 4 died within twenty-four hours This gives a 
probable mortality rate of 33 per cent One dog died in twenty-one hours and 
showed marked atelectasis on one side and pulmonary edema on the other Two 
died in about four hours and showed definite signs of pulmonary congestion, 
some edema and engorgement of the right side of the heart The fouith animal 
stopped breathing in nine minutes, and continuous electrocardiograms indicated a 
heart block (fig 1) 

Electi o car dio graphic Changes — Within a few seconds of ligation there was 
an elevation of the RT segment, which became progressively more marked and 
reached its maximum within five minutes (fig 2 B) At this time a slight eleva- 
tion of the RT segment was observed m lead I, while the elevation of this 
segment in leads II and III was so great that the T wave was hardly discernible 

The RT segment then began to recede toward the isoelectric level (fig 2 C) 
After a period of hours the Q wave increased m amplitude, and the RT segment 
in leads II and III remained elevated The PR interval was noimal (fig 2D) 
The record taken one day after ligation showed a low voltage of the R wave 
and a widening of the QR interval in lead I (fig 2 E) The PR interval was 
irregular After two days the RT segment was depressed and had assumed a 
rounded appearance 

Many of the typical abnoi malities as seen in the later records persisted for 
fiom three weeks to three months 

Group 2 — Sudden occlusion of the anleuor descending blanch in conscious 
dogs following bilateial lemoval of the stellate and nppe) five thoiacic ganglions 

Twelve animals were used in this group of experiments The left anterior 
descending branch was ligated suddenly in the manner already described Cardiac 
pain, djspnea, lestlessness oi shock was not observed after the ligation The 
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Fig 2 (group 1) — Typical electrocardiogram (leads I, II and III) taken 
after ligation of the left circumflex branch after removal of the left stellate and 
upper five thoracic ganglions 
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animals weie exceedingly quiet, in contrast to animals in which similar ligations 
were carried out when the stellate and thoracic ganglions were intact 

Changes in blood pressure were not great An initial decrease of about 20 mm 
of mercury occurred some twenty seconds after ligation However, within a few 
minutes the blood pressure had returned almost to normal 

No deaths occurred within twenty-four hours in this group One animal 
died of infection on the third day, the remaining animals survived indefinitely 
There were no deaths referable to the condition of the heart 

Electi ocai diogi aphic Changes — The most characteristic features of the electro- 
cardiographic records taken from the animals m this group were an elevation of 
the RT segment in lead I and a depression of the ST segment in leads II and III 
(fig 3) This depression was apparent within a few seconds after ligation and 



Fig 3 (group 2) — Typical electrocardiogram (leads I, II and III) taken 
after ligation of the left anterior descending branch after removal of the stellate 
and upper five thoracic ganglions bilaterally 

reached its maximum in about five minutes The depressed ST segment at this 
time showed an upward convexity The depression became progressively less 
marked after ten minutes, and m about four hours the ST segment had returned 
almost to the isoelectric level, the T wave remaining markedly negative The 
contour of the T wave changed during the next forty-eight hours, and at the 
end of this time the T wave was upright and of high amplitude The records in 
all three leads were essentially normal within fourteen days 

Group 3 Sudden occlusion of the left ciicumflev hi cinch in conscious animals 
following bilateral i evtoval of the stellate and upper five thoracic ganglions 

Twenty-two animals were used m this group of experiments The artery was 
ligated in the conscious animals m the manner previously described In only 
2 animals was there any evidence of cardiac pam, both of these appeared to be 



666 


ARCHIVES OF INTERNAL MEDICINE 


recovering, when suddenly ventricular tachycardia set in Fatal ventricular 
fibrillation rapidly supervened, and the dogs died m nine and fifteen minutes, 
respectively, after ligation Severe dyspnea in the absence of cardiac pain was 
observed in another case This animal had prolonged and severe heart block 
which did not prove fatal (fig 4) 

No other animals died suddenly within twenty-four hours The probable 
mortality rate was 9 per cent The low mortality rate is of more significance in 
this group than in group 2, since the left circumflex branch supplies a much larger 
area of myocardium than does the anterior descending branch Three delayed 
deaths occurred (within twenty-four to forty-eight hours) from cardiac failure, 
as indicated by pulmonaiy edema and congestion of the right side of the heart 

Electrocai dtographic Changes — With the exception of the 3 animals previously 
mentioned (the 2 dying with ventricular fibrillation and the 1 surviving a severe 



Fig 4 — Electrocardiogram (lead II) showing severe heart block following 
ligation of the left circumflex branch after removal of the stellate and upper five 
thoracic ganglions bilaterally 

heart block) the electrocardiographic changes obtained m the animals in this 
group were uniform The records of a typical experiment will be described 

A marked elevation of the RT segment occurred within thirty seconds (fig 5) 
and was accompanied by a progressive increase in the amplitude of the Aentricular 
complex, which reached its maximum in about five minutes (fig 5 2?) The record 
taken at this time showed a high take-off of the RT segment, ending negatively m 
lead I The high take-off of the elevated RT segment from the downstroke of 

the R wave was noticeable in leads II and III The PR intei val remained pro- 

longed 

A few extrasystoles of left ventricular origin were noted periodically m leads 
II and III (fig 5 C) The PR interval was decreased 

No further significant changes in the electrocardiograms were noted until 

about six hours after ligation (fig 5 29) A few ventricular extrasystoles per- 

sisted, and a complete dissociation between auricular and ventricular complexes 
was found 
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Further changes in the electrocardiographic record took place in twenty-four 
hours (fig 5 E), after which time the form of the record became more stable, and 
at forty-eight hours the record was typical of axis deviation (fig 5 F) 

The time required for the electrocardiograms to return to normal varied in 
different animals Changes could frequently be observed over a period of weeks 

COMMENT 

In the experiments reported m this paper we have attempted to 
investigate further the reflex mechanisms which we believe to be 
responsible for the high peicentage of sudden deaths following experi- 
mental ligation of large branches of the coronary arteiy in conscious 
animals 



Fig 5 (group 3) —Typical electrocardiogram (leads I, II and III) taken 
after ligation of the left circumflex branch after the removal of the stellate and 
upper five thoracic ganglions bilaterally 

In bnef, we have previously shown that (1) ligation of the left 
anterior descending blanch m the anesthetized animal resulted in a 
mortality rate of less than 10 per cent, while ligation of the same branch 
m the conscious animal was attended by a mortality rate of about 40 
per cent, (2) ligation of the larger left circumflex branch m the 
anesthetized animal resulted m a mortality rate of about 25 per cent, 
and when this ligation was performed m the conscious animal the moi- 
tality rate increased to 75 per cent, and (3) the animals which died 
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suddenly after the ligation of either the anterior descending or the 
circumflex branch in the conscious state all showed ventricular extrasys- 
toles, tachycardia and terminal ventnculai fibrillation (figs 6 and 7) 



Fig 6 — Electrocardiogram (lead II) showing fatal ventricular fibrillation 
following ligation of the left circumflex branch in a conscious animal 



Fig 7 — Electrocardiogram (lead II) showing fatal ventricular fibrillation 
following ligation of the left anterior descending branch in a conscious animal 


It is possible, however, that in a larger series of experiments some 
animals might have died suddenly from heart block 
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It appeared from these expenments that the mci eased mortality 
following ligation m conscious animals was due to some reflex mech- 
anism causing either spasm of collateral coionary arterioles or an 
altered nritability of the myocardium which peimitted ventncular fibril- 
lation to be more readily initiated. 

This theoietic but possible reflex mechanism was apparently mter- 
uipted by the bilateial lemoval of the stellate and upper five thoracic 
ganglions, since the moitality following ligation of the laiger left cir- 
cumflex blanch m the conscious animal was 1 educed from 75 per cent 
to 10 per cent as a result of such surgical mteivention Ventricular 
exti asystoles were present m only a few instances , ventricular tachy- 
cardia was infrequently noted, and ventriculai fibi illation was observed 
in only the 2 dogs which died 

When the stellate and upper five thoiacic ganglions had been 
lemoved on only the left side (group 1) acute ligation of the left cir- 
cumflex branch in the conscious state resulted m a mortality rate of 
about 33 per cent One of the animals dying Avhile undei observation 
showed electrocardiographic evidence of complete heait block (fig 1) 
Ventricular fibrillation was not observed m any of the animals m this 
gioup From this fact it was believed that even the removal of the 
caidiac sympathetic nerves on one side pi evented to a gieat extent the 
mechanisms which may have been responsible foi the high mortality 
late following coronaiy aitery ligation in intact conscious animals 

When the left anterior descending branch (gioup 2) was ligated 
after the bilateral sympathetic deneivation of the heart the mortality 
rate was 0 Again, extrasystoles were relatively infrequent Ventricular 
tachycardia and ventricular fibrillation were not observed 

It would appeal that ablation of the caidiosensory pathways not 
only prevented pam after tempoiaiy coionaiy occlusion, as has been 
shown by White, Ganey and Atkins, 2 but also decreased materially the 
incidence of ventncular fibrillation and the moitality in animals after 
pennanent occlusion Again, it should be emphasized that the size of 
the infarcts produced m these animals was essentially the same- as m 
the groups with intact cardiac sympathetic nerves after ligation of a 
similai coronaiy aitery branch The decrease m moitality possibly 
lesults fiom the intei luption of the reflex arc, preventing afferent 
impulses from reaching the vasoconstrictoi center and thus eliminating 
reflex spasm of collateral coionary arteries On the other hand, it may 
be that sympathetic denervation has tendered the myocardium less sus- 
ceptible to the onset of ventricular fibrillation Possibly both mech- 
anisms have been affected 

2 White, J C , Garrey, W E , and Atkins, J A Cardiac Innervation 
Experimental and Clinical Studies, Arch Surg 26-765 (May) 1933 
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On the basis of the anatomic chstiibution of the sympathetic nerves 
to the heart it appears that removal of the stellate ganglions would not 
be as effective m decreasing the moitality following ligation of the 
coronary artery as would a moie complete sympathetic denervation of 
the heart 

It is important to mention in this connection that the sensory path- 
ways he m the thoracic cardiac neives as -well as in the inferior and 
middle cervical cardiac nerves In oidei to abolish pain completely it 
is necessary to lemove the whole sensory supply of the heart It is 
possible that when the sensoiy pathwajs are completely interrupted 
the mechanism responsible for the onset of fatal ventnculai fibrillation 
may likewise be eliminated to a gieat extent 

Although one should not, and in many cases cannot, apply to human 
beings the direct lesults of animal experimentation, it is, m this instance, 
tempting to tiy to correlate our expenmental obseivations with clinical 
obseivations on patients with angina pectoris In this connection theie 
is the possibility that patients suffenng fiom this condition as well as 
fiom coronary thiombosis have a particularly susceptible nervous sys- 
tem Their reflex nervous mechanisms may perhaps be much moie 
sensitive than those in the ordinary peison Mild 01 moderate exertion, 
cold air and emotion are some of the activities which may precipitate 
an attack of angina pectoris m a susceptible peison, but it could hardly 
be said that the aveiage peison would likewise be affected 

Patients with angina pectons ha\e a life expectanc) of approximately 
five years In these patients the incidence of sudden death is high In 
view of these two facts it does not seem umeasonable to assume that 
bilateral sympathetic denervation of the heait maj still ha\e a sound 
clinical application Such surgical intei vention might protect these 
patients from pain and at the same tune fiom sudden death which so 
frequently occuis 

SUMMARY 

Removal of the cardiosensory pathways eliminates the pain and 
markedly 1 educes the mortality rate aftei sudden and peimanent occlu- 
sion of the larger branches of the left coronal y aiteiy in the conscious 
dog 
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rHILADFLPHIA 

Until the discovery of the effectiveness of the original prontosil 
(the hydiochloride of 4-sulfonamido-2',4'-diammoazobenzene) m the 
tieatment of streptococcic and staphylococcic infections the chemotherapy 
of systemic bacterial diseases was largely disappointing It is true that 
certain dyes, like gentian violet and acnflavme base as well as various 
meicurial compounds, commanded considerable attention and extensive 
clinical trial, with encoui aging results m individual cases, but in general, 
onginal hopes and expectations were not realized Indeed, aside from 
the helpful effects of neoarsphenamme in the treatment of anthrax 
and the clinically inapplicable treatment of pneumococcic infections with 
ethylhydrocupreme (optochm) base and its soluble derivative ethyl- 
hydiocupreme hydrochloride, the only site m which bacteria have been 
found vulneiable by systemic chemical attack has been the urinary tiact, 
wheie conditions are exceptional But, as I wrote m 1936 

I by no means share the skepticism so frequently expressed m regard to 
the future of the chemotherapy of bacterial diseases if money and interested workers 
are available for the tremendous expense and labor required for advancing our 
knowledge It is true that more, much more, advance has been made in the 
chemotherapy of protozoal and metazoal diseases and that the problems of bacterial 
diseases are apparently more difficult, but when one considers the advances made 
during the past five years it is neither rash nor unwise to expect greater discoveries 
in the future as the fruit of hard, conscientious and unremitting, but svstematized 
toil coupled with the ever alluring chance of making a “lucky strike ” 

It is only a few years since this “lucky strike” was made, m the dis- 
covery of the remarkable chemotherapeutic properties of the prontosils 
and sulfanilamide, followed by sulfapyridme , and their known effective 
scope is widening so tapidly and with brilliant success m so many direc- 
tions, yet with much ground lemammg to be explored, that the ultimate 
consequences of their discoveiy cannot be predicted Definite knowledge, 
however, has been masked by publications which are speculative, statisti- 
cally vulnerable or so irrelevant as to be of little value , hence it appears 
that a leview of the more recent literatuie bearing on the use of these 
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compounds m experimental infections and human disease may be helpful, 
particularly since only a few persons are m position to assimilate it 
except m predigested or concentrated form 

HISTORICAL SURVEY OF COMPOUNDS REVIEWED 

Thirty-two yeais ago Gelmo synthesized paraammobenzenesulfo- 
namide, now universally known as sulfanilamide, but its medicinal value 
was neither suspected nor studied In 1909 Horlem, Dressel and Kothe 
(. Deutsches Reichpatent 226230, 226235, 226239, 226240, 226594 and 
22677) piepared azo dyes with sulfonamide and substituted sulfonamide 
groups, one of which possessed a limited therapeutic effect in expen- 
mental hemolytic sti eptococcic infections of mice but received little atten- 
tion Further investigation under Domagk resulted m the production 
of the hydrochloride of 4-sulfamido-2',4'-diaminoazobenzene, a brick 
red powder relatively insoluble m watei (0 25 per cent), which was 
included in the German patent granted Mietzsch and Klarer in 1932 
(Deutsches Reichpatent 607537) covering several sulfonamide-containing 
azo dyes and to which the trade name “prontosil” was given This has 
subsequently been designated as “the onginal prontosil” and, while no 
longer employed, has the distinction of being the compound used by 
Foerster m 1933, under the name “streplozon,” in the first recorded 
instance of treatment of a human being (a child) with staphylococcic 
septicemia resulting in recovery Doubtless the name used by Foerster 
was due to his knowledge of the fact that Domagk had employed the 
compound in 1932 in the treatment of expeiimental streptococcic infec- 
tions of mice, although it was not until 1935 that Domagk published his 
epoch-making paper announcing the remarkable therapeutic effective- 
ness of the original prontosil not only on expeiimental streptococcic 
infections of mice and rabbits but to some extent on staphylococcic infec- 
tions of rabbits as well, and thereby introducing to the world an agent 
constituting one of the greatest discoveries in the history of chemotherapy 

In the same issue of the Deutsche mediznnsche Wochenschnft 
appeared three clinical reports attesting the efficacy of the original 
prontosil in various streptococcic infections as well as m infections of 
the urinary tract due to the colon bacillus Later m the same year 
Domagk announced a new soluble derivative, the disodium salt of 
4 - sulfamidophenyl - 2' - azo - 7'-acety lannno - 1 ' - hydroxy naphthalene - 3', 6' - 
disulfonate, called prontosil S or prontosil soluble, which he stated was 
just as effective as the original piontosil in streptococcic and staphy- 
lococcic infections and also possessed a certain degree of therapeutic 
effect on pneumococcic infections of types I and II in mice, this com- 
pound is now marketed in the United States under the name of neo- 
prontosil m tablets and in a 5 per cent solution 
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In 1936 the Trefouels, Nitti and Bovet found that the effective azo 
dyes broke down m the tissues at the azo linkage to paraatmnobenzene- 
sulfonamide, the compound first synthesized by Gelmo m 1908, and 
suggested that the therapeutic effectiveness of the original and of the 
soluble prontosil was due to this white powder, which was called prontosil 
album and later since of worldwide renown, sulfanilamide, the name 
given it by the Council on Pharmacy and Chemistry of the American 
Medical Association on April 17, 1937 This discovery, coupled with the 
fact that it was not protected by patents, led rapidly to its widespread 
manufacture and use, as well as to the preparation and testing of a large 
number of various new derivatives, although clinical experience lends 
some support to Domagk’s contention that the effectiveness of the 
piontosils is not entirely due to their reduction to sulfanilamide m the 
body, especially in certain streptococcic infections 

Expert chemists have carefully studied the chemical structure of 
many new derivatives but have been unable to learn what makes one 
compound more therapeutically active and less toxic than another 
closely related one Thus, proseptasme or septazme (parabenzylammo- 
benzenesulfonamide , N 4 -benzylsulfamlannde) is a compound m which 
substitution has been made in the ammo group without superior prop- 
erties, but this is a familiar story m chemotherapy, where Nature is 
loath to give up her secrets on chemical constitution in relation to dis- 
infection Indeed, only actual trials m the living animal for both toxicity 
and therapeutic effectiveness serve as criteria, and no one knows how 
many compounds are at present on the shelves of laboratories which 
may have valuable chemotherapeutic properties 

However, two compounds m which one hydrogen atom of the 
sulfonamide group has been substituted have been found highly effective, 
namely, sulfamlyldimethylsulfanilannde (known commercially chiefly as 
uleron or uhron) for gonococcic infections and sulfapyridme for pneumo- 
coccic infections The former, which is paraammobenzenesulfonylpara- 
ammobenzenedimethylsulfonamide, is relatively insoluble m water and 
is administered orally, but a soluble sodium salt for parenteral administra- 
tion is now available The latter, which is 2- (paraammobenzenesulfo- 
namido) -pyridine and which is also sold commercially as M & B 693 
and as dagenan, is likewise relatively insoluble m water, but a soluble 
sodium salt for parenteral administration has been prepared In this 
connection it is interesting to note that Kolmer, Brown and Raiziss were 
first to use pyridine compounds m the chemotherapy of experimental 
streptococcic infections, of which one (2-2'-pyridyl sulfide dihydro- 
bronude) was as effective as neoprontosil although not of the same 
structure as sulfapyridme, which is a combination of sulfanilamide with 
alphaammopyridine 
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For the purposes of this review, therefore, which is largely confined 
to those compounds which have been subjected to trial in the treatment of 
both experimental infections and various diseases, only the prontosils, 1 
sulfanilamide, sulfamlyldimethylsulfamlamide and sulfapyridine are 
chiefly considered, because a review of results obseived with the large 
number of allied compounds in experimental infections alone would add 
greatly to its length and lead me too far afield from clinical applications 
Furthermore, no attempt has been made to review the entire vast 
literature on these particular compounds, I have tiled only to include 
a sufficient number of the more important articles to justify an expiession 
of opinion of their value m the treatment of vanous experimental and 
human infections Detailed and excellent reviews in book form have 
been published by Mellon Gioss and Cooper and more recently by 
Long and Bliss 

THERAPEUTIC EFFECTS 

Sti eptococcic Infections — It is well proved that the piontosils, sulf- 
anilamide and sulfapyi ldme are highly effective in the tieatment of 
mice in which intiapeiitoneal inoculation with hemolytic streptococci 
belonging to group A of Lancefield has resulted in pentomtis with an 
associated septicemia (table 1) The most striking results have been 
observed with streptococci of high virulence for mice, because a minimal 
lethal dose of such oigamsms contains only a small number of cocci, 
and the prontosils, as well as sulfanilamide and sulfapyridine, act better 
on a sparse and scattered bacterial population than on highly concen- 
trated masses of bactena 

Furthermore, these compounds do not appeal to be as readily 
acetylated in mice as in rabbits, with the result that more free sulf- 
anilamide is available in the blood and tissues for bacteriostatic effects 
This probably accounts for the fact that the prontosils and sulfanilamide 
have proved less effective in the treatment of mtradermal beta hemolytic 
streptococcic infections of rabbits with associated septicemia and sup- 
purative arthritis, as employed by Kolmer and Rule in 1937 for chemo- 
therapeutic investigations, because they provided experimental lesions 
more closely resembling streptococcic infections of human beings 

Owing to the low virulence of nonhemolytic streptococci for mice 
and rabbits, neither compound has been generally employed in thera- 
peutic tests Muether and Kmsella found sulfanilamide effective in the 

1 In the text and in the tables “original prontosil” refers to the hydrochloride 
of 4-sulfamido-2'-4'-diaminoazobenzene “Soluble prontosil” and “neoprontosil” 
refer to disodium 4-sulfamidophenyl-2'-azo-7'-acetylamino-l'-hydroxynaphthalene- 
3',6'-disulfonate, which is now marketed under the proprietary name “neoprontosil ” 
Since this review was prepared, the Council on Pharmacy and Chemistry of the 
American Medical Association has adopted “azosulfamide” as the nonproprietary 
name for the latter compound 
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treatment of experimental bacterial endocarditis of dogs due to Strep- 
tococcus viridans, but, as will be shortly discussed, the prontosils, sulf- 
anilamide and sulfapyridme have generally failed in the treatment of 
Streptococcus vmdans endocarditis of human beings so far as com- 
plete recovery is concerned, the same is tiue of Sti eptococcus faecahs 
infections of the urinary tract 

Most expei imental investigations have been conducted with group 
A streptococci Whether or not sulfanilamide varies m effectiveness 
with the remaining groups cannot be stated except to mention that the 
1 esults of in viti o studies have shown groups A and C most susceptible, 


Table 1 — Expei imental Hemolytic Sti eptococcic Infections 






Treated 

Controls 

- A .. 





Percentage 


Percentage 





of Sur 


of Sur 

Authors 

Compounds 

Animals 

Number vivors 

Number 

vivors 

Domagk 

Original prontosll 

Mice 

12 

100 



Levaditi and Vaisman 

Original prontosil 

Mice 

8 

37 5 

3 

0 

Gley and Girard 

Original prontosil 

Mice 

50 

3S 

50 

0 

Buttle, Gray and 

Sulfanilamide and 

Mice 

13S 

43 

96 

0 

Stephenson 

derivatives 






Cooper, Gross and 

Sulfanilamide 

Mice 

44 

65 

44 

27 

Lewis 

Long and Bliss 

Soluble prontosil 

Mice 

S4 

37 

64 

0 

Long and Bliss 

Sulfanilamide 

Mice 

IS 

67 



Raiziss, S e v e x a e , 
Moetsch and Clemence 

Sulfanilamide 

Mice 

DO 

64 to 66 

100 

0 

Raiziss, S e v e r a c , 
Moetsch and Clemence 

Soluble prontosil 

Mice 

55 

28 to 63 



Raiziss, S e v e r a c , 
Moetsch and Clemence 

Sulfanilamide 

Mice 

60 

74 



Raiziss, S e v e r a c , 
Moetsch and Clemence 

Sulfanilamide 

Mice 

150 

37 to 60 



L E H Whitby 

Sulfapyridme 

Mice 

156 

317 days 

126 

0 4 17 days 

Kolmer, Raiziss, Rule 

Soluble prontosil 

Mice 

12 

50 

8 

0 

and Brown 

Kolmer, Raiziss, Rule 

Soluble prontosil 

Rabbits* 

3 

Effective 



and Brown 

Kolmer, Raiziss, Rule 

Sulfanilamide 

Rabbits* 

45 

Effective 



and Broun 








* Intradermal lesions and arthritis 


groups B, E and G variable and group D quite insusceptible Lockwood, 
Coburn and Stokmger, however, reported that no type seemed refractory 
to the compound m human infections and that groups C and G as 
well as group A seemed to be influenced by sulfanilamide therapy 

Hemolytic Streptococci In this connection the studies of Spaulding 
and Bondi m my laboratory are also significant m indicating that infec- 
tions with anaerobic hemolytic streptococci of mice are much less sus- 
ceptible to the therapeutic activity of sulfanilamide and sulfapyridme 
than infections with aerobic strains Since temporal lly or permanently 
anaerobic hemolytic streptococci may be found m a large percentage of 
hemolytic streptococcic infections in human beings, this may offer an 
explanation of the failure of sulfanilamide and sulfapyridme in the 
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treatment of some cases of puerperal sepsis and other hemolytic strep- 
tococcic infections, as stated by Colebrook and Kenny Thus an obligate 
anaerobic hemolytic streptococcus of group A was found highly insus- 
ceptible to sulfanilamide and sulfapyridme in the treatment of infections 
of mice, while a second strain was found moderately susceptible A 
strain which was temporarily anaerobic, however, was moderately respon- 
sive to both compounds 

From the expenmental standpoint it is difficult to draw any con- 
clusions on the comparative therapeutic effects of the prontosils, sulf- 
anilamide and sulfapyi ldme in the treatment of hemolytic streptococcic 
infections of mice In terms of the actual amounts given in grams per 
kilogram of body weight, however, both the prontosils and sulfapyridme 
appear to be somewhat more effective than sulfanilamide Of additional 
interest and importance is the question of simultaneous administration 
of antistreptococcus serum Loewenthal has lecently stated that the 
combination tieatment with serum and sulfanilamide for streptococcic 
infections of mice gave better results than either alone and that these 
two therapeutic agents act in a different but complementary manner 

Since the prontosils and sulfanilamide were first identified with the 
treatment of streptococcic infections in human beings, it is to be expected 
that the largest part of the literature has been devoted to them One 
unfortunate result has been the mdiscnmmate use of these compounds 
in the treatment of all soits of infections on the basis of clinical rather 
than bactenologic diagnosis As expected under the circumstances, infec- 
tions due to nonhemolytic types of streptococci have been included, 
although fortunately most serious streptococcic infections of human 
beings are due to hemolytic streptococci of group A As a result there 
is a greater uniformity of opinion regaiding the effectiveness of the 
prontosils, sulfanilamide and sulfapyridme m the treatment of severe 
infections, especially septicemia, including puerperal sepsis, surgical 
cellulitis and lymphadenitis and erysipelas, than of minor infections 

(a) Puerperal Sepsis Among the first to attiact favorable attention 
was the ti eatment of puerperal fever with the 01 lgmal and soluble pron- 
tosils and sulfanilamide by Colebrook and Kenny, who reported a 
mortality of about 4 7 per cent m 64 patients and later about 7 per cent 
in 115 patients treated with sulfanilamide (table 2), as contrasted with 
a mortality of about 22 8 per cent when former methods of treatment 
were used These results have been generally confiimed and have proved 
the great value of the compounds in the treatment of pueiperal endome- 
tritis due to hemolytic streptococci, as well as in postabortal septicemia, 
especially since most of the deaths were mainly due to causes beyond 
the influence of treatment, such as pulmonary and ceiebral embolism 
and hemorrhage In addition to reduction m mortality theie has been 
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a distinct reduction m the average time of illness and the frequency of 
geneial peritonitis, and apparently Colebrook is of the opinion that the 
soluble prontosil (neoprontosil) may be more effective than sulfanilamide 

Table 2 — Systemic Sti eptococcic Infections 


Authors 

Diseases 

Compounds 

Number 

of 

Patients 

Results 

Colebrook and Kenny 

Puerperal sepsis 

The prontosils 
and sulfaml 
amide 

115 

93 per cent recoveries 

Foulis and Barr 

Puerperal sepsis 

Soluble prontosil 
and sulfaml 
amide 

22 

98 6 per cent recov 
enes 

Snodgrass and Anderson 

Erysipelas 

The prontosils 
and sulfanil- 
amide 

135 

Effective 

Nelson, Rinzler and Kelsey 

Erysipelas 

Sulfanilamide 

344 

97 38 per cent recov 
eries 

Sako, Dwan and Platou 

Scarlet fever 

Sulfanilamide 

100 

Reduction in com- 
plications 

Peters and Howard 

Scarlet fever 

Sulfanilamide 

150 

Reduction in com 
ph cations 

Colebrook and Kenny 

Puerperal pen 
tonitis 

The prontosils 

10 

90 per cent recoveries 

Hageman and Blake 

Pneumonia 

Sulfanilamide 

7 

100 per cent recov- 
eries 

Major and Leger 

Subacute endo 
carditis* 

Soluble prontosil 

1 

Alleged effective 

Klee and Romer 

Subacute endo 
carditis 

Onginal prontosil 

5 

Ineffective 

Ellis 

Subacute endo 
carditis 

Sulfapyridine 

2 

Temporarily im- 
proved 

L Whitby 

Subacute endo 
carditis 

Sulfapyridine 

3 

Temporarily im- 
proved 

Barnett, Hartman, Perley 
and Ruhoff 

Subacute endo- 
carditis 

Sulfapyridine 

1 

Temporarily lm 
proved 

Sailer 

Subacute endo 
carditis 

Sulfanilamide 

1 

Ineffective 

Kelson and White 

Subacute endo- 
carditis 

Sulfapyridine and 
heparin 

1 

3 apparently cured 

Bliss, long and Eeinstone 

Subacute endo- 
carditis 

Sulfanilamide 

3 

No recoveries 

Spink and Cxago 

Subacute endo 
carditis 

Sulfanilamide 

11 

1 apparently cured 

Banniek, Brown and Poster 

Ulcerative colitis 

Neoprontosil and 
sulfanilamide 

9 

Effective 

Collins 

Ulcerative colitis 

Sulfanilamide 

11 

Favorable in 73 per 
cent 

Brown, Herrell and Bargen 

Ulcerative colitis 

Neoprontosil 

8 

Favorable 


* Due to Streptococcus viridans 


(&) Septicemia Excellent results have also been reported in the 
treatment of hemolytic streptococcic septicemia of surgical origin com- 
plicating wounds and burns, with associated lymphadenitis My personal 
experience m 18 cases during the past three years has been favorable 
In each case there were one or more positive blood cultures Recovery 
occurred in 14 cases, with a mortality of about 22 per cent Treatment 
consisted of surgical drainage and oral administration of neoprontosil 
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and sulfanilamide, along with blood transfusions and intravenous admin- 
istration of antistreptococcus serum 

(c) Erysipelas There is almost complete unanimity of opinion on 
the uniformly good results observed m the treatment of simple uncom- 
plicated erysipelas of both adults and children In general terms the 
mortality m adults treated with antitoxin has been about 10 per cent 
and m infants and children, from 30 to 50 per cent, wheieas after 
treatment with the prontosils and sulfanilamide these lates have been 
reduced to about 2 and 5 to 12 per cent, respectively This may be due 
in large part to the vascularity of the lesions, which allows good access 
of free sulfanilamide in the blood Such results are certainly much more 
favorable than those in cases m which there is some other complicating 
condition, like abscess or septic thrombi, m which the mortality has 
continued high in spite of neoprontosil and sulfanilamide therapy 

( d ) Scarlet Fever In cases of scarlet fever the compounds have not 
materially shortened the duration of fever or shown any marked effects 
on the rash, nor are such effects to be expected, since sulfanilamide 
apparently possesses but feeble neutralizing or inactivating power on 
exogenous toxins, including most likely the erythiotoxin of this disease 
The compounds have apparently pioved of value, however, in materially 
l educing the percentage of complications, like otitis media, mastoiditis, 
lymphadenitis and nephntis, by inhibiting the aggiessiveness of the strep- 
tococci For this reason it appears that the tieatment of scarlet fever, 
in so far as specific therapy is concerned, may consist in the administra- 
tion of convalescent serum or antitoxin for combating the early toxemia 
of the disease and of neoprontosil or sulfanilamide for combating the 
invasiveness of the streptococci themselves 

( e ) Meningitis One of the most impressive results observed with 
neoprontosil and sulfanilamide has been in the treatment of streptococcic 
meningitis (table 3), with which the mortality has been hitherto almost 
100 per cent Kolmer, Rule and Werner treated 46 rabbits with experi- 
mental hemolytic streptococcic meningitis -with sulfanilamide and recorded 
the recovery of 20 per cent, wheieas all of 12 untreated controls suc- 
cumbed, of 12 monkeys 58 per cent recoveied, with fatal results m 2 
untreated controls Of course, nothing else of value in the treatment ot 
this highly mortal disease can be overlooked, especially adequate drainage 
of the primary foci of infection, so likely to be mastoiditis or sinusitis, 
along with drainage of the cerebrospinal fluid every eight to twelve 
hours Oral or parenteral admmistiation is preferred, it is doubtful if 
intrathecal injections of the compounds are indicated, although both 
neoprontosil and sulfanilamide are well borne by this route of administra- 
tion Apparently sulfanilamide is the compound of choice While strep- 
tococcic meningitis is usually due to hemolytic types, a few patients 
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recovering under sulfanilamide therapy aie believed to have had condi- 
tions due to nonhemolytic types, including Str viridans, however, the 
condition may have been really caused by a hemolytic streptococcus 
stabilized in the viridans phase My personal experience is confined 
to 5 cases, in which the condition was secondary to mastoiditis or nasal 
accessory sinusitis and m which sulfanilamide was administered, with 
3 recoveries 

(/) Tonsillitis, Pharyngitis, Laryngitis and Cervical Adenitis Many 
authors have reported favorable results m the treatment of acute tonsil- 
litis, pharyngitis and laryngitis, but extensive studies are few In many 
cases, however, no improvement has been shown, and certainly neo- 
prontosil and sulfanilamide by oral administration and local application 


Table 3 — Sti eptococcic Meningitis 


Authors 

Oompounds 

Number 

of 

Patients 

Percentage 

of 

Recoveries 

Schnentker and others 

Sulfanilamide 

4 

76 

Neal and Applebaum 

Soluble prontosil 

17 

76 

Neal 

Sulfanilamide 

26 

Si 

Trachler, Frauenberger, Wagner and Mitchell 

Sulfanilamide 

7 

57 

Cawthorne 

Sulfanilamide 

3 

66 

Smith and Coon 

Soluble prontosil and 

2 

100 

Sappington and Favorite 

sulfanilamide 

Sulfanilamide 

6 

67 

Oarey 

Sulfanilamide 

4 

100 

Toomey and Kimball 

Sulfanilamide 

12 

83 4 

Love 

Sulfanilamide and 

1* 

Recovered 

Applebaum 

neoprontosil 
Sulfanilamide and 

3* 

33 3 

Anderson 

neoprontosil 

Soluble prontosil and 

1 

Recovered 

Arnold 

sulfanilamide 

Sulfanilamide 

1 

Recovered 

Smith and others 

Sulfanilamide 

1 

Recovered 


* Nonhemolytic streptococcic infections 


have proved ineffective in the treatment of earners Some patients with 
cervical adenitis have improved rapidly, with cessation of fever and com- 
plete reduction m swelling, while others have shown no change and have 
required incision and drainage of the infected glands 

(g) Sinusitis Good results have also been reported in cases of 
acute sinusitis due to hemolytic streptococci, but the results in cases of 
chronic sinusitis have been largely disappointing, probably because so 
many of the chronic conditions aie due to staphylococci, pneumococci or 
nonhemolytic streptococci or represent mixed infections 

(h) Otitis Media and Mastoiditis Variable and unpredictable results 
have been reported in cases of acute otitis media and mastoiditis In 
some rapid improvement has been shown and m others, none In still 
others the infection has progressed to mastoiditis, requiring operation 
However, it has been observed that more prompt healing of the mastoid 
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wound takes place when the patient is receiving sulfanilamide, and post- 
operative care is shortened and simplified Maybaum, Snyder and 
Coleman, however, have stated that sulfanilamide may mask infections 
of the mastoid or lender them latent and theieby add to the difficulty 
of diagnosis 

(i) Peritonitis In cases of idiopathic sti eptococcic peritonitis of 
children, m which the mortality has varied from 54 to 100 per cent, 
the compound has been of value, Ladd, Botsford and Curnen reported 
recovery m 5 of 7 cases Stewait and Bates have also lecoided recovery 
in 1 case 

(;) Other Infections Favorable lesults have also been observed 
m cases of Ludwig’s angina, streptococcic pneumonia and empyema, 
cellulitis and lymphadenitis and burns, as well as in cases of osteomyelitis, 
although sulfanilamide is usually ineffective in the piesence of necrotic 
bone, as in chronic otitis media As reported by Lockwood and his 
colleagues, sulfanilamide has shown striking differences in therapeutic 
effectiveness against hemolytic streptococcic infections m relation to the 
clinical character of the infection, being most effective for septicemia, 
lymphangitis, erysipelas, cellulitis and early infections with little suppura- 
tion and frequently ineffective when abscesses are well established and 
also m wounds where the piesence of debris, human or bacterial, m the 
form of necrotic tissue inhibits its activity In this connection, refeience 
may be made to the observations of Biicker and Graham, who found 
that sulfanilamide tended to inhibit the healing of experimental unin- 
fected wounds of dogs, which may have a bearing on the prophylactic 
use of the compound 

Nonhemolytic Streptococci While the prontosils and sulfanilamide 
have usually proved ineffective m infections due to nonhemolytic stiep- 
tococci, encouraging results have been reported in the treatment of 
ulcerative colitis, especially with neoprontosil by oial administration one 
hour before meals, which has been found better tolerated than sulf- 
anilamide Unfortunately, both have usually proved ineffective in the 
treatment of patients with Stieptococcus viridans endocarditis with posi- 
tive blood cultures, so far as complete recovery and survival are con- 
cerned, although both, and especially sulfapyndme, have produced 
improvement in some instances in the way of tempoiarily sterile blood 
cultures and reduction of fever while large doses were being given I 
have seen 2 patients with typical symptoms and signs but with sterile 
blood cultures, similar to those described by Keefer, make complete 
recoveries after treatment with neoprontosil, but in the absence of posi- 
tive blood cultures one cannot be sure that recovery may not have 
occurred just as well without this tieatment Whether or not sulfa- 
pyridme and especially its soluble sodium salt given by intravenous 
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injection will prove effective remains to be detei mined, but the com- 
pounds are probably more hopeful and worthy of tual m cases of this 
highly mortal disease All of 10 patients m my own practice treated 
with sulfanilamide and sulfapyridme over two to five months ultimately 
perished of the disease, although I thought that life was prolonged 
in all At the present tune interest in the treatment of this highly moital 
disease with orally admimsteied sulfapyridme combined with the mtia- 
venous administration of heparin has been greatly renewed by the 
encouraging report of Kelson and White 

Memngococcic Infections — That sulfanilamide protects a large per- 
centage of mice m experimental memngococcic infections was hist 
observed by Buttle, Gray and Stephenson and confirmed by Proom, 
using Miller and Castle’s method of mtraperitoneal inoculation m mucin 

Table 4 — Experimental Memngococcic Septicemia 


Treated Controls 

A. A 





Mice, 

Percentage of 


Percentage of 

Authors 


Compounds 

Number 

Survival 

Number 

Survival 

Buttle, Gray and Stephenson 

Sulfanilamide 

SO 

76 6 

30 

66 

Proom 


Sulfanilamide 

270 

S4 4 

270 

13 7 

Rosenthal 


Sulfanilamide 

35 

31 4 

35 

0 

Branham and Rosenthal 


Sulfanilamide 

265 

70 6 

265 

87 

Brown 


Sulfanilamide 

76 

38 2 

30 

0 

Bliss, Veinstone, Garrett 
I-ong 

and 

Sulfanilamide 

50 

24 

30 

0 

Bliss, Feinstone, Garrett 
Bong 

and 

Sulfapyridine 

50 

16 



McKee, Rake, Greep and 
Dyke 

Van 

Sulfathiazole* 

29 

40 

29 

0 

McKee, Rake, Greep and 

Van 






Dyke 


Sulfapyridme 

28 

28 5 




* 2 (paraaminobenzenesulfonamido) thinzole 


These observations were soon confirmed by Levaditi and Vaisman and 
others (table 4) with sulfanilamide and various derivatives Accord- 
ing to Brown and to Branham and Rosenthal, combined sulfanilamide 
and serum treatment is more effective in mice than either alone Bian- 
ham has recently reported that weight for weight sulfapyridme showed 
a protective action against memngococcic infections m mice about ten 
times that of sulfanilamide under the conditions of the experiments and 
that the combination of either of the two compounds with seium con- 
sistently gave lesults far better than those obtained with either com- 
pound alone 

Clinical reports have also shown that sulfanilamide is highly effective 
m the treatment of memngococcic meningitis (table 5) and is probably 
the compound of choice, since neoprontosil penetrates far less lapidly 
Indeed, on the basis of mortality rates, the results have been equal 
to and m some instances decidedly better than those observed with 
serum treatment, and sulfapyridme may be even more effective than 
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sulfanilamide The optimum method of administration, however, and 
the indications for serum treatment in addition are not yet agreed 
on and must be decided according to conditions m individual cases In 
so far as serum is concerned, there are the questions of route and dose 
as well as the difficult choice of which type of serum, antitoxic or 
antibacterial, should be used As previously stated, expei imental evidence 
indicates that sulfanilamide and seium aie moie effective than either 
alone, and clinical evidence is m favor of combining intravenous or 
mtrapentoneal serum therapy with administration of the drug in cases 
of severe infections 

But in cases of mild or average infections sulfanilamide in maximum 
dosage by oral administration alone appears to be sufficient when a 


Table 5 — Mcnmgococcic Meningitis and Chrome Septicemia 


Authors 

Compounds 

>umber of 
Patients 

Percentage of 
Recoveries 

Schwentker and others 

Sulfanilamide 

52 

85 

Banks 

Sulfanilamide 

1G 

94 

Banks 

Sulfanilamide and 

72 

98 G 

Hobson and MacQunide 

sulfapyridinc 

Sulfapyrldine 

G 

100 

Jewesbury 

Sulfanilamide 

G 

100 

Bldahl 

Sulfanilamide 

12 

75 

Willien 

Sulfanilamide 

5 

100 

Somers 

Sulfanilamide 

113 

90 

Bryant 

Soluble prontosil and 

21 

95 

Bryant 

sulfanilamide 

Sulfapyridine 

1GS 

95 

Sappington and Favorite 

Sulfanilamide 

S 

75 

Muraz, Ohirie and Queguiner 

Sulfanilamide 

54 

85 2 

Muraz, Ohirie and Queguiner 

Sulfanilamide 

271 

89 3 

Waghelstein 

Sulfanilamide 

72 

84 7 

Dimson 

Sulfapyridine 

1* 

Recovery 

Zendel and Greenberg 

Sulfanilamide 

1* 

Recovery 


* Chronic memngococcic septicemia 


concentration of at least 5 mg of free sulfanilamide pei hundred cubic 
centimeters of spinal fluid can be secured and maintained for at least 
three days For comatose patients and when vomiting renders oral medi- 
cation impossible pai enteral administration is required Whether or 
not intrathecal injections of sulfanilamide are helpful in addition cannot 
be stated, but they are apparently worthy of trial m the treatment of 
severe infections, especially as a preliminary injection, and when the 
concentration m the spinal fluid from enteral and parenteral administra- 
tion is low 

Sulfanilamide and sulfapyndme are likewise indicated in the treat- 
ment of chronic memngococcic septicemia, a condition likely to be the 
result of persistent memngococcic infection of the nasal accessory sinuses 
and characterized by recurrent chills and fever, crops of cutaneous 
nodules, arthralgia and positive blood cultures, this disease has an 
unfavorable prognosis and serum treatment has generally failed 
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Pneumococcic Injections — Soluble prontosil was originally stated by 
Domagk, m 1935, to have an eftect on experimental pneumococcic 
infections of types I and II m mice, and his results were soon confirmed 

Table 6 — Experimental Pneumococcic Infections 


Treated Controls 

^ 


Authors 

Compounds 

Animals 

Pneumo 

coccus, 

Types 

Num- 

ber 

Percent 
age of 
Survivors 

Num 

ber 

Percent 
age of 
Survivors 

Rosenthal 

Sulfanilamide 

Rats 

I, II and 
III 

SO 

90 

30 

0 

Rosenthal 

Sulfanilamide 

Rabbits 

I 

10 

SO 

10 

0 

Cooper, Gross and 
Lewis 

Sulfanilamide 

Mice 

II, III, VII 
and XXII 

83 

0 to 90 

101 

Oto 80 

Oooper, Gross and 
Mellon 

Sulfanilamide 

Rats 

I and III 

101 

20 to 80 

75 

0 to 45 

Cooper, Gross and 
Mellon 

Sulfapyndine 

Mice 

II nnd XXII 

60 

37 to 45 

50 

0 

Ruegsegger and Ham 
burger 

Sulfanilamide 

Mice 

I, II, III 
and VIII 

212 

1 to 3 

129 

0 

Schmidt 

Sulfanilamide 

Mice 

XIV 

40 

60 

8 

0 

Whitby 

Sulfanilamide 

Mice 

I, II, IH, V, 
VII and VIII 

667 

0 to 7 
days 

180 

9 7 in 3 3 
days 

Raiziss, Severac, Moet 
sch and Clemence 

Sulfanilamide 

Mice 

II 

45 

0 

80 

0 

Raiziss, Severac, Moet 
sch and Clemence 

Sulfapyridine 

Mice 

II 

60 

8 



Raiziss, Severac, Moet 
sch and Clemence 

Sulfanilamide 

Mice 

I, II and III 

150 

0 to 3 



Raiziss, Severac, Moet- 
sch and Clemence 

Sulfapyndine 

Mice 

I, II and III 

220 

0 9 to 13 3 



Bliss, Femstone, Gar- 
rett and Long 

Sulfanilamide 

Mice 

I, II and III 

125 

0 

75 

0 

Bliss, Femstone, Gar- 
rett and Long 

Sulfapyndine 

Mice 

I, II and III 

125 

08 



Kepi and Gunn 

Sulfapyridine 

Rats 

I 

81 

32 

57 

0 

Kepi and Gunn 

Sulfanilamide Rats 
and sulfapyridine 

III 

49 

25 

33 

3 

Bleter, Larson, Levine 
nnd Cranston 

Sulfapyridine 

Mice 

II 

99 

44 to 63 4 

100 

0 

Kolmer, Raiziss and 
Rule 

Sulfanilamide 

Rats 

I, II and III 

72 

32 

18 

0 

Kolmer, Raiziss and 
Rule 

Sulfanilamide 

Rabbits* I, II and III 

51 

Effective 

24 

0 

Kreidler 

Sulfanilamide 

Rabbits* I 

22 

32 

14 

0 

Larson, Bieter and Le 
vine 

Sulfapyridine 

Rabbits 

II 

25 

76 

23 

42 

Havens, Hansen and 
Kramer 

Sulfapyridine 

Rabbits 

I 

20 

45 

20 

30 

Gregg, Loosli and 
Hamburger 

Sulfapyridine 

Dogsf 

I 

24 

100 

32 

50 

McKee, Rate, Greep 
and Van Dyke 

Sulfathiazole 

Mice 

I, II and III 

87 

20 7 

60 

0 

McKee, Rake, Greep 
and Van Dyke 

Sulfapyridine 

Mice 

I, II and IH 

90 

44 4 




* Intradermnl infections 
t Pneumonia 

by Horlein Subsequent studies (table 6) on pneumococcic peritonitis 
and septicemia of mice, intradermal infections of rabbits and pneumonia 
of rats and dogs have shown that sulfanilamide and especially sulfapyri- 
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dine are decidedly effective against many types of pneumococci, including 
type III, which is the only one entirely uninfluenced by serum 
MacLean, Rogers and Fleming recently showed that pneumococci vary 
in their sensitivity to sulfapyridme, and they described a test for such 
sensitivity, the variation is associated not with the type but with the 
individual strain Ross reported a case in which pneumococcic menin- 
gitis was fatal in spite of treatment with sulfapyridme , he thought that 


Table 7 — Pneumococcic Pneumonia 


Authors 

Compounds 

Tjpes 

Number 

of 

Patients 

Percentage 

of 

Recoveries 

Evans and Gailsford 

Sulfapj ridine 

I, II, III and 
group IV 

100 

02 

Finland and Brown 

Sulfanilamide 

I, II, V and 
VII 

19 

20 to G2 5 

Price and Myers 

Sulfanilamide 

29 tj pes 

115 

S4 

Traut and Bogan 

Sulfanilamide 

Not stated 

9 

70 

rhppin and Pepper 

Sulfapj ridine 

i, n, m, IV, 
V, VI, VII 
and VIH 

102 

OG to 100 

Anderson and Dowdcswell 

Sulfapj ridine 

Various 

100 

9S 

Agranat, Dreosoti and Ordman 

Sulfapj ridine 

Various 

2S0 

964 

Plummer and Ensworth (a) 

Sulfnpyridinc 

Various 

157 

91 5 

Alsted 

Sulfapyridinc 

III 

S 

50 

Smith and Needles 

Sulfapj ridine 

Various 

50 

09 

Pepper, Plippin, Schwartz and Lockwood 

Sulfapj ridine 

I, II and III 

100 

93 

Schwartz et al 

Sulfapyridine 

23 types 

233 

91 

Plummer and Ensworth (b) 

Sulfapj ridine 

2G types 

270 

S7 4 

Anderson, Cooper, Oalms and Brown 

Sulfapyridinc 

n 

70 

91 

Dowling and Ahernethy 

Sulfapyridine 

2G types 

13G 

S9 

Dowling and Ahernethy 

Serum 

2G types 

9G 

S3 3 

Nichol 

Sulfapyridine 

Not stated 

2* 

100 

Barnett, Hartman, Perley and Ruhofl 

Sulfanilamide 

I, IV, VI, XI 
and XIV 

43* 

100 

Wilson and others 

Sulfapyridine 

25 types 

35* 

Pn% orable 

Smith and Nemir 

Sulfapyridine 

21 types 

93' 

93 5 


* Infants and children 


the organism had acquired a tolei ance f 01 the compound MacLeod and 
Daddi have succeeded in rendering a strain of type I pneumococcus 
“sulfapyridme fast” m vitro and in vivo, and MacLeod found the 
pneumococcus associated with a marked diminution in the production 
of hydrogen peroxide m cultures 

Pneumonia While sulfanilamide has apparently been somewhat 
effective m the treatment of pneumococcic pneumonia there can be no 
doubt about the remarkable therapeutic efficacy of sulfapyridme m the 
treatment of lobar pneumonia and bronchopneumonia of various types 
m adults and m children (table 7 ) The first report was made by 
Evans and Gailsford, with a mortality of 8 per cent m 100 cases, as 
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compared with a moitality of 27 per cent m a control group of equal 
size Indeed, it appears that the mortality m adults has been lowered to 
between 5 to 10 per cent, and equally favoiable results have been 
observed m children Fuithermore, if the pai enteral adinimstiation of 
sodium sulfapyndme fulfils present expectations, the mortality is likely 
to be still further reduced, since blood levels of 5 to 8 mg per hundied 
cubic centimeters can be attained with gieat speed and certainty 2 Par- 
enteral medication is advisable not only in cases m which administration 
of sulfapyndme by mouth is impossible or in which intestinal absorption 
is poor but also m cases m which prompt action of the drug is impera- 
tive , however, it should be limited to conditions in which oral adminis- 
tration is impossible or does not suffice foi successful therapy 

A critical reduction in tempeiature within twenty-four to forty- 
eight hours has been commonly observed, generally accompanied by a 
diminution of toxemia and an impiovement m general well-being but 
not usually accompanied by any significant change m the pulmonary 
signs In pneumococcic empyema, howevei, sulfapyndme is only 
doubtfully effective, m spite of the fact that the compound may be 
found m the exudate in a concentration similar to that in the blood 
The cause of this reduced theiapeutic effectiveness is not understood 
at present, but it may be the anaerobic conditions of the closed 
pleural sacs 

As a result of the favoiable experience with sulfapyndme, the 
specific treatment of pneumonia has been simplified, and the costs 
of treatment have been greatly reduced But the administration of 
type-specific serum may be required in those instances in which the 
patient fails to show clinical improvement within twenty-four to 
tlnity-six hours with adequate dosage of sulfapyndme, especially when 
positive blood cultuies are observed The use of serum has been 
advised by Finland and Brown as an adjunct m the treatment of 
pneumonia m patients over 40 yeais of age or during pregnancy or 
ihe puerperium, when treatment is begun after the thud day of illness 
and when more than one lobe is involved In other words, sulfapyi ldme 
lendeis pneumococci more susceptible to immune bodies, and the 
administration of type-specific immune serum is most likely lequired 
m addition to sulfapyndme in the treatment of seveie infections 
MacLeod, summarizing woik done at the Hospital of the Rockefeller 
Institute of Research, expressed the opinion that such synergism exists 
Gioups of mice were infected with pneumococci of type III and 
tieated, respectively, with sulfapyndme alone, serum alone and the 
same amount of the two agents m combination The results showed 
that type III antipneumococcus serum and sulfapyndme are synergistic. 


2 Marshall and Long- Gailsford, Evans and Whitelaw 
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since amounts of each agent which used singly exeited little or no pro- 
tective action affoi ded protection to 60 per cent of the mice when used m 
combination Similai lesults have been leported by Powell and Jamie- 
son in the treatment of rats infected with pneumococci of types I, II, 
V, VII, VIII and XV 

A combination of sulfapyndine and antipneumococcus serum accom- 
panied by adequate supportive measures and close clinical suiveillance 
and aided by sputum typing, blood culture, daily blood counts and 
unnalyses apparently offers the best prognosis in the tieatment of 
pneumonia Serum has ceased to be expensive, as prices have again 
been lowered, and when sulfapyridme is used the recommended dose 
of seium is 1 educed 50 per cent Possibly the use of pai enteral injec- 
tions of sodium sulfapyndine m addition to its oral administration will 
still furthei reduce the need foi supplemental serum therapy 

Table 8 — Experimental Pneumococcic Meningitis 


Treated Controls 

A A . 

A ( N 

Percent Percent 

ape of ace of 


Authors 

Compounds Types 

Animals 

Num 

ber 

Sur 

vivors 

Num- 

ber 

Sur 

vivors 

Kolmer, Rule and Werner 

Sulfanilamide I, II and III 

Rabbits 

CO 

0 

12 

0 

Kolmer, Rule and Werner 

Sulfanilamide I, II and III 

Monkeys 

10 

10 

4 

0 

Cooper, Gross and Lewis 

Sulfanilamide II 

Rats 

47 

50 to 73 3 

3G 

0 

Cooper, Gross and Lewis 

Sulfapyrldine II 

Rats 

30 

57 

16 

0 

Gross, Cooper and Lewjs 

Sulfanilamide II 

Rats 

15 

59 5 

37 

0 


Meningitis Even more dramatic success has been observed in the 
treatment of pneumococcic meningitis, with which the mortality has 
been hitherto practically 100 per cent In experimental pneumococcic 
meningitis of rabbits Kolmer, Rule and Wernei found sulfanilamide 
ineffective, although m 10 monkeys treated there was 1 recovery In rats, 
however, Cooper, Gross and Lewis and later Gross, Cooper and Lewis 
observed much better results with both sulfanilamide and sulfapyridme 
(table 8) 

A shown in table 9, the use of these compounds has materially 
reduced the mortality from human infections, and sulfapyndine is 
undoubtedly the compound of choice My personal experience is 
limited to 3 cases of a condition of otitic origin m which sulfapyridme 
was administered, with 1 recoveiy Adequate and prompt surgical 
drainage of pi unary foci of infection is important when possible, along 
with spinal drainages at frequent intervals, and, needless to state, 
maximum doses of sulfapyridme aie indicated in older to bring the 
concentration of free compound to at least 5 mg per hundred cubic 
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centimeters of spinal fluid In case of vomiting or semiconsciousness 
interfering with swallowing, intravenous injections of the soluble 
sodium salt are indicated, or mtramusculai injections, as recommended 
by Cable, who used the soluble salt of M & B 693 [33 % per cent 
solution] Whether or not the soluble sodium salt can be safely injected 
mtrathecally cannot be stated at the piesent time, but the injection of 
sulfanilamide by this route is indicated at the outset of treatment in 
order to secure effective concentrations m the spinal fluid as soon as 
possible 

Table 9 — Pneumococcic Meningitis 


dumber Percentage 




of 

of 

Authors 

Compounds Patients 

Recoveries 

Neal and Applebaum 

Sulfanilamide 

14 

21 

Allan, Mayer and Williams 

Sulfanilamide 

3 

100 

Hewell and Mitchell 

Sulfanilamide 

6 

EO 

Finland and Brown 

Sulfanilamide 

10 

60 

Young 

Sulfanilamide 

1 

Recovery 

Cunningham 

Soluble prontosil 
and sulfanilamide 

1 

Recovery 

Mertlns and Mertins 

Soluble prontosil 
and sulfanilamide 

1 

Recovery 

Latto 

Soluble prontosil 

1 

Recovery 

Barnett, Hartman, Perley and Ruhoff 

Sulfapyridme 

3 

CG 

Robertson 

Sulfapyridine 

1 

Recovery 

Reid and Dyke 

Sulfapyridine 

1 

Recovery 

Cutts, Gregory and West 

Sulfapyridme 

1 

Recovery 

Cable 

Sodium sulfa 
pyridine 

1 

Recovery 

McAlplne and Thomas 

Sodium sulfa 
pyndine 

1 

Recovery 

MacKclth and Oppenhelmer 

Sodium sulfa 
pyridine 

5 

40 

Raman 

Sodium sulfa 
pyridine 

1 

Recovery 

Hodes, Gimbel and Burnett 

Sulfapyridine and 17 
sodium sulfapyridine 

47 


Peritonitis In cases of primary pneumococcic peritonitis of infants 
and children, in which the mortality has varied from 65 to 100 per 
cent, Barnett and his colleagues have found sulfapyridme effective m 
the treatment of 3 patients, and Ladd and his colleagues have recorded 
the recoveiy of 2 of 3 patients treated with this compound and serum 
Gonococcic Infections — While true infection of animals by gono- 
cocci is consideied unattainable, Levaditi and Vaisman as well as 
Cohn and Peizer have observed favorable results m the treatment of 
experimental gonococcic peritonitis of mice with sulfanilamide, and an 
enthusiastic report by Dees and Colston on its use m the treatment of 
gonoi rheal urethritis of men has been followed by a large number of 
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similai favorable reports (table 10), including the treatment of seminal 
vesiculitis, epididymitis, prostatitis, vulvovaginitis, endoceivicitis and 
salpingitis 

Almost all obseivers, however, record 10 to 20 per cent of patients 
who fail to respond, probably owing to resistant strains of gonococci, 
and gonorrhea is a disease in which the cntena of cure are not readily 
amenable to exact statement Lich and Rowntree have recently reported 
that the incidence of “cuie” in a free clinic practice has been only 35 
per cent, with recurrences m 11 per cent of 175 cases, the duration of 
symptoms avei aging six and eight-tenths days and varying from one 
to moi e than thirty days 


Table 10 — Gonococcic Urefhnfts 


Authors 

Compounds 

Number of 
Patients 

Percentage 

“Cured’’ 

Dees and Colston 

Sulfanilamide 

47 

75 

Mahoney 

Sulfanilamide 

205 

85 4 

Cokkims and McElligott 

Sulfanilamide 

633 

SO 

Silver and Elliott 

Sulfanilamide 

1,625 

Effective 

Reuter 

Sulfanilamide 

100 

90 

Herrold 

Sulfanilamide 

30 

50 

Grutz 

Sulfanilamide 

36 

66 

Crean 

Sulfanilamide 

100 

90 

Ferguson, Buckholtz and Gromet 

Sulfanilamide 

29S 

76 

Reefer and Rantz 

Sulfanilnmide 

63 

100 

Anvvyl Davies 

Sulfanilamide 

19 

Unsatisfactory 

Smith, Weil and Bird 

Sulfanilamide 

72 

87 5 

Walzak 

Sulfanilamide 

160 

12 5 

Orr 

Sulfanilamide 

134 

87 

HoiTman, Schneider, Blatt and Herrold 

Sulfanilamide 

25* 

Effective 

Lich and Rowntree 

Sulfanilamide 

176 

35 

McGregor-Robertson 

Sulfapyridine 

201 

80 to 96 

Eloyd 

Sulfapyndine 

10S 

85 

Prebble 

Sulfapyridine 

65 

48 to 62 5 

Bowie, Anderson, Dawson and Mackay 

Sulfapyridine 

97 

93 

Batchelor, Lees, Murrell and Braine 

Sulfapyndine 

70 

9 to 2 4 

Mannkovitch 

Sulfapyridine 

50 

80 

Johnson, Leberman, Pepper and Lynch 

Sulfapyndine 

76 

80 3 


* Vulvovaginitis 


It is also clear that, depending on the method of treatment, a consid- 
eiable number of patients may be placed m the dangeious state of being 
rendered symptom free or carriers of latent and residual infection 
Piactice in connection with irrigations and adjuvant measures varies 
widely, and the results to be expected in different forms of the disease 
are still m the process of being refined, certainly haphazard treatment 
is gieatly to be deprecated, and the administration of adequate doses 
practically requires hospitalization for the best results Furthermore, 
it is imperative for the laity to lealize that sulfanilamide has no prophy- 
lactic value 

Some observers have expressed the opinion that treatment is more 
effective when begun after the acute stage is passed (Cokkims and 
McElhgott) and advise active immunization with vaccine for eight to ten 
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days befoie beginning tieatment with the diug The final answer to 
the tieatment of gonorihea in both sexes with sulfanilamide and sulfa- 
p}ridme is theiefoie by no means solved, furtheimoie, with eaily 
subsidence of uretlual dischaige the cure and conti ol of the disease 
become an increasingly formidable pioblem in i elation to marnage 
and public health 

As shown m table 11, howevei, sulfanilamide and sulfapyndme 
have proved effective in the tieatment of gonococcic ophthalmia and 
aitlmtis Marvin and Wilkinson lecorded the recovei} of a patient 


Tabie 11 — Gonococcic Ophthalmia and Aitlmtis 





Number of 


Authors 

Disease 

Compounds 

Patients 

Results 

Micluc 

Ophthalmia 

Sulfapyndme 

o 

Directive 

Willis 

Ophthalmia 

Sulfanilamide 

4 

Effective 

Barbour and Tovslcv 

Ophthalmia 

Sulfanilamide 

lo 

Effective 

Michels 

Ophthalmia 

Sulfanilamide 

15 

Effective 

Fernandez and Fernandez 

Ophthalmia 

Sulfanilamide 

8 

Effective 

Brule, Hillemand and Viide 

Yrthriti= 

Sulfanilamide 

5 

Effective in 2 

Keefer and Rantz 

Arthritis 

Sulfanilamide 

14 

Effective 


Table 12 — Sulfamlylsulfanilamide and Sulfamlyldimethylsulfamlamidc in the 
Tieatment of Gonococcic Uiethntis 




Number of 

Percentage 

Authors 

Compounds 

Patients 

“Cured” 

Mergelsberg and Grumer 

Dleron’ 

G9 

77 

Gennench 

Dleron* 

64 

100 

Fulis and Volavseh 

Uleron* 

169 

94 

Wilkie 

Uleron* 

100 

74 

Walzak 

Disulont 

36 

19 4 

Walzak 

Disulonf 

160{ 

12 5 

O’Crowley, Timo= and Sutton 

Disulont 

85 

94 

Shelley 

Disulonf 

100 

97 


* Sulf nnilj ldimcthylsulf anilanude 
t Sulfaniljlsulfamlamidc 
5 Treated with sulfanilamide 


with gonococcic meningitis but weie not inclined to give sulfanilamide 
the ci edit In 22 cases lecoided m the liteiatuie m which sulfanilamide 
was not admmisteied, the moitahty was 45 per cent 

While neoprontosil appears to be less effective than sulfanilamide 
m gononhea, sulfanil) lsulfamlamide and sulfamlyldimethylsulfanil- 
atnide aie legal ded by the Geiman ph)sicians as superioi I have not 
attempted to leview the extensive literatuie (more than 160 articles 
alone since 1938) but hare included some of the more lecent reports 
in table 12 It is generally recommended to delay treatment for about 
thiee weeks m order to allow' the mobilization of body defenses, but it 
appeal s that the results are not superioi to those observed w ith sulfanil- 
amide fuithenuoie these compounds are much more likely to produce 
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peripheial neuritis In a few cases lenal or even hepatic lnjuiy has 
been reported as following excessive dosage or a prolonged period of 
admimstiation, although it is stated that nausea, vomiting, dizziness 
and cyanosis aie less frequently observed than with the use of sulfanil- 
amide 

Infections of the Uunaiy Tiact — The prontosils have been used 
m Germany for the treatment of Bacillus coll and staphylococcic infec- 
tions of the urinary tiact of both adults and children, with uniform 
success, but there seems to be no leason foi believing them to be supe- 
rior or even perhaps equal to sulfanilamide foi this purpose (table 13) 
These compounds have been found much more bactericidal in alka- 
line than m acid urine As shown by Helmholtz, sulfanilamide and 
mandelic acid complement one another and have separate indications 

T\ble 13 — Infections of the Unnaiy Tiact 


Patients 


Authors 

Compounds 



Num 

ber 

\ 

Bind 

Results 

Bernice 

Original prontosil 

IS 

Children 

Effective 

Maraun 

Original prontosil 

3S 

Children 

87 per cent cured 

Meissner 

Soluble prontosil 

S 

Adults 

Effcctne 

Clark 

Sulfanilamide 

Not 

Adults 

BITcctive 

Helmholt? 

Sulfanilamide 

stated 

Not 

Children 

Effective 

Kcnnj, Johnston and \ on Hacbler 

Sulfanilamide 

stntcd 

40 

‘Women 

Effective 

Cuthbert 

Sulfanilamide 

70 

Women 

Effective 

Gaudin, Zido and Thompson 

Sulfanilamide 

100 

Men 

Not recommended 1 

Herrold 

Sulfanilamide 

1C 

Adults 

71 per cent cured 

Melton and Beck 

Sulfapyndme 

71 

Adults 

7S per cent cured 


* After transurethral prostatectomy 


The formei can be given in the acute stage, acts best m alkaline urine, 
is effective even in the presence of renal damage, is effective in Bacillus 
pi oteus infection and is superior m the treatment of coexisting pi ostatitis, 
in some cases of which it has been demonstrated m the secietions, but 
it fails against Str faecalis, and about 15 per cent of patients cannot 
take it m sufficient dosage Mandelic acid lequires highly acid urine 
and good renal function and is effective against Str faecalis Further- 
moie, mandelic acid is prefereid when applicable since it is safei In 
other words, neoprontosil, sulfanilamide and sulfapyndme have been 
generally found highly effective against infections of the unnaiy tiact 
due to B coll, Bacillus proteus, hemolytic streptococci and some 
staphylococci, but they are less effective m infections due to Str faecalis 
Albright, Dienes and Sulkowitch have found sulfanilamide ineffective 
m 2 cases of pyelonephritis with nephi ocalcmosis due to Haemophilus 
influenzae In this connection it must be emphasized, however, that 
strains of B cob vary in susceptibility to sulfanilamide and that failure 
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m treatment may be due to infection with a strain unusually lesistant 
both m vitro and m vivo as lepoited by Kolmer and Rule m 1939 
This is also tiue of infections due to staphylococci, and undei such 
circumstances an m vitro test for susceptibility to the compound may 
be of assistance m ai ranging dosage Piobably intravenous injection 
of 0 2 Gm of neoarsphenamme twice weekly is to be piefened in the 
tieatment of infections with unusually lesistant staphylococci as, curi- 
ously, the compound is highly effective under these conditions 

Staphylococcic Infections — As previously stated, the first published 
repoit on the theiapeutic use of the original prontosil was that by 
Foeister of the treatment of a child with staphylococcic septicemia 
In fact, Domagk found this compound somewhat effective against 

Table 14 — Experimental Staphylococcic Infections 


Author 

Buttle 

Mellon, Shinn and McBroom 
Foinstone, Bliss, Ott and Long 
Whitby 
Whitby 

Bliss and Long 
Bliss and Long 
Barlow and Homburger 
Barlow and Homburger 

Barlow and Homburger 

Barlow and Homburger 


Compound 

Animal 

Sulfanilamide 

Mice 

Sulfanilamide 

Mice 

Sulfanilamide 

Mice 

Sulfapyndme 

Mice 

Sulfapyndme 

Mice 

Sulfanilamide 

Mice 

Sulfapyndme 

Mice 

Sulfathiazole* 

Mice 

Sulfamethyl 

Mice 

thiazolet 

Sulfaphenyl 

Mice 

thiazolet 

Sulfapyndme 

Mice 


Treated Controls 



\ 

Percent 

r 

Percent 

Num 

age of 

Num 

age of 

ber 

Sun Ivors 

ber 

Survivors 

30 

50 

10 

0 

21 

38 

31 

14 

50 

34 

50 

10 

40 

15 

18 

16 

SO 

7 5 



50 

s 

30 

0 

40 

33 



20 

70 

20 

0 

20 

00 



20 

45 



20 

30 




* 2 (parnaminobenzcnesulfonamido) thiazole 

t 2 (paraaminobenzenesulfonamido) mcthjlthiazole 

expei imental staphylococcic infections, and it is astonishing that since 
then so few r clinical lesults have been published I sm nnse, however, 
that this is not because both the prontosils, sulfanilamide and sulfa- 
1'} i idine, have failed to be employed but because the results have been 
so pool (especially in staphylococcic septicemia) and because failuies 
aie so seldom lepoited 

As shown m table 14, sulfanilamide and sulfapyi idine, however, 
aie not without some effect in the treatment of expei imental staphy- 
lococcic infections of mice, and Domagk m 1937 stated that bettei 
lesults have been obseived with uliion (sulfanilyldimethylsulfanil- 
amide) Bailoiv and Hombuigei have found sulfamethylthiazol 
(2-sulfamlamidometh) ltlnazole . 2- [pai aammobenzene sulfonamido] - 
methylthiazole) , a thiazole analogue of sulfap) ridme prepared by Fos- 
bmder and Walter, moie eftectn e than sulfapyi idine , and this compound, 
as well as sulfathiazole (2-sulfanilamidothiazole , 2-[paraaminobenzene- 
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sulfonamidoj-tlnazole), is commanding special attention at piesent m 
the treatment of staphylococcic septicemia, although it is too early to 
express an opinion of then clinical value These compounds (Wmthrop 
Chemical Company) are given m doses of 5 Gm (10 tablets), followed 
by 1 5 Gm every four houis, da) and night, for two or thiee days 
at which time each dose may be deci eased and the time intei val between 
doses lengthened m conformity with the condition of the patient Then 
toxicity is low, as recently leported by Van Dyke and his colleagues 
Comparatively few successes ha-ve been reported m the treatment 
of staphylococcic septicemia of human beings with the piontosils, sul- 
fanilamide and sulfapyridmc (table 15) , and while the literature 
lecoids many failures, it is a safe assumption that a large number of 
such have not been lecorded At the present time sulfamethylthiazol 
and sulfapyndme appear to be the remedies of choice although the 


Table 15 — Staphylococcic Septicemia 


Authors 

Compounds 

Number of 
Patients 

Results 

Foerster 

Original prontosil 

1 

Recovery 

ColebrooK and Kenny 

Sulfanilamide 

S* 

Two recoveries 

O’Brien and McCartln 

Sulfapyndme 

1 

Recovery 

Fenton and HodgUss 

Sulfapyridine 

1 

Recovery 

Wade 

Sulfapyndme 

1 

Recovery 

Abramson and riaebs 

Soluble prontosil, 

G 

Two recoveries 

Galewslv 

uleronf and 
sulfapyridine 
Sulfapj ridine 

1 

Recovery 

Mendell 

Sulfanilamide 

3 

No recoveries 

Thornhill, Swart and Reel 

Sulf inilamide 

2 

Recovery 


* Puerperal septicemia 
t Sulfanilyldimethylsulfanilamlde 


chemotherapy of severe staphylococcic infections is by no means as 
satisfactory as that of infections due to hemolytic streptococci 

Bloch and Pacella have recorded a recovery of a patient v ith staphy- 
lococcic meningitis credited to sulfanilamide therapy 

Undulant Fevei — It is difficult to assess the value of sulfanilamide 
and its derivatives in the treatment of brucellosis, because primary 
favorable effects may not be an index of cure in the sense of complete 
eiadication of infection 

Comparatively little has been reported on the therapeutic activity 
of these compounds in the treatment of experimental brucellosis of the 
lower animals Welch, Wentworth and Mickle found that the oral 
administration of sulfanilamide markedly increased the opsonocytophagic 
activity of the serums of guinea pigs infected with Brucella abortus 
Chinn observed that the oral administration of sulfanilamide to guinea 
pigs was effective m preventing generalized infections with Br abortus, 
since cultures of the livers and spleens of treated animals subjected to 
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autopsy attei the expiration of treatment weie stenle in the majonty 
oi instances In the guinea pigs inoculated mtia-abdommally with Br 
abortus, Brucella mehtensis and Brucella suis it w>as thought that 
complete cures wei e obtained m 50 to 100 pei cent, the compound being 
less effective against Br mehtensis and Bi suis than against Bi aboitus 
Similai results have been reported by Menefee and Poston with guinea 
pigs inoculated intra-abdominall> with Br abortus and treated with 
sulfanilamide by oial administration 


T\BLr 16 — Evpenmental Bntcellosis of Mice 



Brucella Abortus 

Brucella Mehtensis 

Brucella Suis 



r 







Number 

Percentage 

Number 

Percentage 

Number 

Percentage 


of 

of 

of 

of 

of 

of 

Compounds 

Mice 

Survivors 

M ce 

Survivors 

Mice 

Survivors 

Sulfanilamide 

32 

37 5 

32 

None 

10 

None 

Ncoprontosil 

32 

31 2 

32 

25 

10 

None 

Sulfapyridine 

32 

31 2 

32 

37 5 

10 

None 

Da gen an* 

32 

25 

32 

25 

10 

None 

Aid anil i 

32 

5G2 

32 

02 

10 

None 

Untreated controls 

32 

02 

32 

None 

10 

None 


* Sodium sulfapyridine (Merck & Co Inc ) 

t Sodium formaldehyde sulfoxjlate derivative oi sulfanilamide (Abbott Lnborntoncs) 


Table 17 — Undulant Fevei 


Authors 

Compounds 

Number of 
Patients 

Results 

Newman 

Soluble prontosil 

10 

Favorable 

Dalyrymple Clinmpneys 

Sulfanilamide 

27 

24 benefited 

Welch Wentworth and Mickle 

Sulfanilamide 

3 

ravorable 

Bynum 

Sulfanilamide 

0 

Unsatisfacton 

Richardson 

Soluble prontosil 

o 

Favorable 

Francis 

Soluble prontosil 

2 

Fav orable 

Punch 

Soluble prontosil 

I 

F av ornble 

Toonc and Jenkins 

Sulfanilamide 

i 

F avornble 

Stern and Blake 

Sulfanilamide 

3 

Favorable 

Traut and Logan 

Sulfanilamide 

o 

F avorable 

Long nnd Bliss 

Sulfanilamide 

5 

Unfav ornble in 4 


Kolmer and Rule have used mice inoculated mtia-abdominalh with 
vuulent strains of Bi aboitus, Br mehtensis and Br suis, with the 
lesults shown m table 16 All five of the compounds employed gave 
best theiapeutic lesults m the 160 mice infected with Br aboitus 
Among the 160 infected with Bi melitemsis, the compounds weie much 
less effectwe, while m the 80 infected with Bi suis the theiapeutic 
effects weie nil in so far as suivival w r as concerned, although all the 
compounds appreciably prolonged the lives of the mice, especially 
sulfanilamide and sulfapyridine 

As shown in table 17, the majonty of clinical lepoits on the treat- 
ment of undulant fever in human beings have been favoiable although 
I believe that these refer more to the primary effects such as the relief 
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of fever and symptoms dunng the acute early stage, than to complete 
or biologic cuie, since lecuuences have fiequently followed cessation 
of tieatment My own experience has been confined to 3 patients, m 2 
of whom the condition was due to Br abortus and in 1, to Bi melitensis 
(a laboiatory infection) The foimei 2 weie treated with neoprontosil, 
with complete recoveries, in so far as I can judge over one to tlnee 
years of follow-up obseivation, the infection due to Br melitensis ivas 
at fiist refractory to sulfanilamide, neopiontosil and sulfapyndme but 
finally 3 oelded satisfactorily to sulfanilamide, which I believe is the 
compound of choice Certainly clinical expenence has taught that the 
primary beneficial lesults aie not acceptable as “cuie,” since relapses 
may occur, and for this leason I advise continuing the administration 
of sulfanilamide in deci easing doses foi at least two months after the 
subsidence of fever and symptoms Only a few cases of endocarditis 
due to biucellosis have been recoided, but 1 in which sulfanilamide was 
administered by Smith and Curtis ended m failuie 


Table 18 — Clianaoid (Haemophilus of Duci cy) 




Number of 


Author 

Compound 

Patients 

Results 

Hutchison 

Sulfanilamide 

11 

Tavorable 

Hanschell 

Sulfanilamide 

20 

Pavorable 

Kombhth, Jacoby and WIshengrad 

Sulfanilamide 

120 

Favorable 

Grecnblatt and Sanderson 

Sulfanilnmide 

5 

Favorable 


Chanci oid — While I have no knowledge of the use of sulfanilamide 
m the tieatment of experimental infections due to Haemophilus ducieyi, 
as shown m table 18, this compound has appaiently pioved highly 
effective in the tieatment of chanci oid and appeals to be the method 
of choice along with local measuies, since all diugs hitherto employed 
have pioved ineffective m the management of this tedious disease which 
has no mortality and causes no chionic invalidism but is of high nuisance 
lank Appleyaid has infoimed me that he has observed excellent 
results from local applications of powdeied sulfanilamide, which is 
intei estmg m relation to the effects of the compound by local applica- 
tions, shortly to be discussed with moie detail Fageistroin has also 
found sulfanilamide effectrve m the tieatment of ulcerative and gan- 
gienous balanitis 

Typhoid Fevei — On the basis of results observed in the tieatment 
of experimental Bacillus typhosus infections of mice (table 19), one 
would expect that neoprontosil, sulfanilamide and sulfapyndme might 
show a favoiable therapeutic response m typhoid fever But so far 
clinical data aie too scanty to permit the expiession of an opinion 
According to Harries, Swyei and Thompson, sulfapyndme has an effect 
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on the bacteremia and fever of the disease and m geneial is to be 
legarded as of some value in treatment, but aside from these effects 
the evidence in favor of these compounds m tieatment is still fai fiom 
being convincing, although appaiently worthy of further trial Baiei 
lecoided success with the soluble prontosil m the treatment of post- 
typhoid uimary infection, but I can find no data beaung on the use 
of this and allied compounds m the tieatment of typhoid cameis 

Closiudium Welchn Infections — In 1937 Domagk found uleion 
( sulfanily ldimethy lsulfamlamide ) sulfamlylsuhanamide and sulfanilamide 
somewhat effective m the tieatment of mice and guinea pigs inoculated 
with Closti ldium welchn As shown in table 20, Long and Bliss have 
found sulfanilamide and sulfapyi ldme highly effective in these expen- 

Tabli: 19 — Experimental Typhoid Infection and Typhoid Fever 


Authors 

Compounds 

Buttle, Parish, McLeod and 
Stephenson 

Soluble prontosil 

Koliner and Ru'e 

Sulfanilamide 

Kolmcr and Rule 

Sulfapjridinc 

Schmidt 

Soluble prontosil 

DIefenbach and YusLis 

Sulfanilamide 

HarLelroad 

Sulfanilamide 

Co\on 

Sulfapyridinc 

Harries, Svj cr and Thornp 
son 

Soluble prontosil 
and sulfapyridinc 


Treated Controls 

X K 


Subject 

Number Results Number 

Results 

Mice 

30 

83% 

survived 

20 

30% 

survived 

Mice 

22 

14% 

sunned 

S 

0 

survived 

Mice 

10 

10% 

survned 

4 

0 

survived 

Human 

beings 

3 

Favorable 



Human 

beings 

1 

Favorable 



Human 

beings 

1 

Fai orable 



Human 

beings 

1 

Unfavorable 



Human 

beings 

r 

Favorable 




mental infections Since then the clinical lesults reported by Bohlman 
m the treatment of 3 patients m whom gas gangrene developed m spite 
of piophylactic antitoxin weie so impiessive, along with the leports of 
Balcei and of Sadusk and Manahan in the treatment of postaboital and 
pueipeial infections with septicemia, as to leave no doubt but that sulf- 
anilamide and sulfapyi ldme aie valuable adjuncts to antitoxin in the 
tieatment of these dangerous infections 

Tuba culosis — As reported by Allison and Myeis, sulfapyi ldme was 
ineffective in the tieatment of 7 patients with actne pulmonaiy tubei- 
culosis, although it is likeh that this compound, as well as neoprontosil 
and sulfanilamide, maj be helpful m combating secondaiy infection of 
open lesions, especially infections due to hemolytic stieptococci and 
Staph aureus, as indicated by the repoit of Weidekamp on tuberculous 
disease of the bone Sappington and Faionte hare found neoprontosil 
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and sulfanilamide ineffective in the treatment of 3 patients with tubei- 
culous meningitis 

Furthennore, the results of treatment of expenmental tubeiculous 
infections of guinea pigs and rabbits with both human and bovine strains 


Table 20 — Clostudmm Wclchv Infections 




Treated 

Controls 

Authors 

Compounds 

t 

Xum 

Animal ber 

Percent 
age of 
Sun Ivors 

Num 

ber 

Percent- 
age of 
Sun Ivors 

Long and Bliss 

Sulfanilamide 

Guinea Of 

pigs 

ff 

41 

5 

Bliss, Feinstone, Garrett 
and Long 

Sulfanilamide 

Alice 40 

32 

40 

7 

Bliss, Feinstone, Garrett 
and Long 

Sulfapjridine 

Alice fO 

fO 



Bohlman 

Sulfanilamide 

Human 3 

beings 

Recoyered 



Baker 

Sulfapjridine 

Human 1 

beings* 

Recoyered 



Sadusk and Alanahan 

Sulfanilamide 

Human 2 

beingsf 

Recovered 



* Septicemia and peritonitis 
t Postabortal 





Table 21 — Experimental Tubeiculosis 







Treated 

Authors 


Compounds 

Animals 

Xumber 

Results 

Rich and Foliis 


Sulfanilamide 

Guinen pigs 

31 

Slighth 

effective 

Greey, Campbell and Gulley 


Sulfanilamide 

Guinea pigs 

70 

Slightly 

effective 

Greej , Campbell and Culicy 


Sulfanilamide 

Rabbits 

10 

No effect 

Smitliburn 


Sulfanilamide 

Guinea pigs 

10 

No effect 

Kolmer, Raiziss and Rule 


Sulfanilamide 

Guinea pigs 

so 

No eflcct 

Stembach and Dillon 


Sulfanilamide 

Guinea pigs 

66 

No effect 

Buttle and Parish 


Sulfanilamide 

Guinea pigs 

40 

Slighth 

effcctiie* 

Ballon and Guernon 


Sulfanilamide 

Guinea pigs 

3S 

Slightlv 

effective 

Dietrich 


Soluble 

prontosil 

Guinea pigs 

20 

No effect 

Feldman and Hinshau 


Sulfnpyndine 

Guinea pigs 

40 

Definitely 

effective 


* With human strain, little effect in guinea pigs and none m rabbits with a bovine strain 


of Mycobactenum tubeiculosis leave one with the impiession that little 
or nothing is to be expected m the tieatment of human tubeiculosis in 
so far as an effect on the tubercle bacillus itself is concerned, since only 
massive doses at best have shown inhibitory effects on expenmental 
infections (table 21) 

Miscellaneous Bacterial Diseases — As pi eviously stated, neoprontosil 
and sulfanilamide have proved effective m the treatment of a high 
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peicentage of infections of the urinary tract due to B coli and B 
pioteus and these compounds as well as sulfapyridme have been found 
effective m the tieatment of experimental infections m mice (table 22) 
All thiee have also been successfully employed in the treatment of B 
coli septicemia and are far superioi to any other chemical agent m the 

Table 22 — Miscellaneous Expcumcntal Bactenal Infections 


Treated Controls 

f \ f ^ 

Percent Percent 
ace of ace of 

Hum Sur Num Sur 


Authors 

Compounds 

Infection 

Animal 

her 

vivors 

her 

vi\ ors 

Cooper, Gross and Lewis 

Sulfanilamide 

Bacillus coli 

Mice 

40 

35 



Cooper, Gross and Lewis 

Sulfapyridme 

Bacillus coh 

Mice 

10 

SO 



Cooper, Gross and Lewis 

Sulfanilamide 

Bacillus protcus 

Mice 

10 

SO 



Cooper, Gross and Lewis 

Sulfapyridme 

Bacillus protcus 

Mice 

10 

00 



Kolmer and Rule 

Sulfanilamide 

Bacillus dysen- 
teriae 

Mice 

13 

0 

5 

0 

Buttle, Parish, McLeod 
and Stephenson 

Sulfanilamide 

Bacillus fried- 
lander 

Mice 

70 

17 

40 

0 

Bliss, Feinstono, Garrett 
and Long 

Sulfanilamide 

Bacillus fried 
lander 

Mice 

45 

0 

30 

0 

Bliss, Peinstone, Garrett 
and Long 

Sulfapyridme 

Bacillus fried 
lander 

Mice 

43 

0 



Roimcr and Rule 

Sulfanilamide 

Bacillus fried- 
lander 

Mice 

32 

7 

S 

0 

Kolraer and Rule 

Sulfapyridine 

Bacillus fried 
lander 

Mice 

10 

23 

4 

0 

Cooper, Gross and Lewis 

Sulfanilamide 

Bacillus pyocy 
aneus 

Mice 

40 

53 



Cooper, Gross and Lewis 

Sulfapyridme 

Bacillus pyocj 
aneus 

Mice 

20 

30 



Sehut7C 

Sulfapyridme 

Bacillus pestis 

Mice 
and rats 

42 

70 

42 

5 

Cooper, Gross and Lewis 

Sulfanilamide 

Bacillus per 
tussis 

Mice 

00 

0 

20 

0 

Cruickshnnk 

Sulfanilamide Bacillus anthracis Mice 
and sulfapvridinc 

120 

0 

30 

0 

Maj and Buck 

Sulfapyridine 

Bacillus anthracis Mice 

21 

S3 

24 

4 1 

Campbell 

Sulfapyridine 

Spirochacta 

pallida 

Rabbits 

7 

>sO 

effect 



Porter and Hale 

Sulfanilamide 

Listerella mono 
cytogenes 

Mice 

GO 

00 

00 

3 

Porter and Hale 

Sulfapj ridine 

Listerella mono 
cytogenes 

Mice 

20 

40 

20 

0 

Porter and Hale 

Sulfanilamide 

Erjsipelothnx 

Mice 

40 

0 

110 

0 

Porter and Hale 

Sulfapyridine 

Lr\sipelotlm\ 

Mice 

70 

1 4 




tieatment of this dangerous infection My own experience has been 
wntli 5 patients with positive blood cultures, 4 of whom recoveied 

On the othei hand, sulfanilamide is apparently meffectne m the 
tieatment of expenmental infections of mice due to Bacillus dysenteriae, 
and repoits on its effectn eness m the treatment of bacillary dysenteiy 
lack confirmation at the present time 

Sulfanilamide and especially sulfapyridine are slightly effective in 
the treatment of infections of mice due to Fnedlander's bacillus, but 
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clinical reports aie too few to justify an opinion of then clinical value 
I have had 1 case of meningitis due to Fnedlandei ’s bacillus, sec- 
ondai}^ to suppiuative ethmoiditis, in which tempoiaiy impiovemeiit was 
observed undei tieatment with sulfapyndme but the disease was fatal A 
few encoui aging reports have been made on the successful use of sulfa- 
pyudine in the tieatment of the highly moital pneumonia due to Fnecl- 


Table 23 — Miscellaneous Bactcnal Diseases 


Authors 

Compounds 

Disease 

bo of 

Patients Results 

Bnsman and Pcrlej 

Sulfanilamide 

Bacillus protcus men 
ingitis 

1 

Recovered 

Stewart and Bates 

Sulfanilamide 

Bacillus pj ocj aneus 
(intestinnl) 

1 

Recov crcd 

Banks 

Sulfanilamide 

Bacillus pj ocv aneus 
(intestinnl) 

1 

Recov ered 

Thompson and Greenfield 

Sulfanilamide 

Pertussis 

Not 

stated 

Some v alue* 

Neal and Applcbaum 

Sulfanilamide 

Influenzal meningitis 

1 

Recovered 

Elcj 

Sulfapjridinc 

Influenzal meningitis 

2 

Recovered 

Roche and Caugliey 

Sulfapj ndinc 

Influenzal meningitis 

o 

Recovered 

Hamilton and Neff 

Sulfapjridinc 

Influenzal meningitis 

i 

Recovered 

Sappington and Favorite 

Sulfanilamide 

Influenzal meningitis 

o 

Ineffective 

Hcjer and Amtman 

Sulfapjridinc 

Bacillus fricdlander 
septicemia 

i 

Recov crcd 

Swift, Moon and Hirst 

Sulfanilamide 

Rheumatic fev er 

8 

Doubtful 

Thomas and France 

Sulfanilamide 

Rheumatic fever 

Few 

Encouraging 

Hassell and Jones 

Sulfanilamide 

Rheumatic fev er 

VS 

(7 with 
ehoren) 

Ineffective 

Coburn and Moore 

Sulfanilamide 

Rheumatic fever 

Not 

stated 

Some v alue* 

Curtis 

Sulfanilamide 

Tularemia 

1 

Effective 

Stannus and Fmdlaj 

Sulfapj ridlne 

Glandular fever 

1 

Effective 

StncKler and Stone 

Sulfanilamide 

Pyogenic dermatoses 

12 

Some value 

Wilson 

Sulfanilamide 

Lupus erj themntosus 

1 

Ineffective 

Engels 

Sulfanilamide 

Lupus erj themntosus 

1 

Ineffective 

Walker 

Sulfanilamide 

Actinomjsosis 

1 

Effective 

Hiller and Fell 

Sulfanilamide 

Actinomjcosis 

1 

Effective 

Poulton 

Sulfanilamide 

Actinomjcosis 

1 

Effective 


* In the prevention of complications 


landei’s bacillus, my peisonal expenence has been with 3 patients with 
positive blood cultuies Of these, 2 lecoveied under intensive tieatment 
with this compound, which I believe at present may be the compound 
of choice 

Cooper and his associates found that sulfanilamide had no theiapeutic 
value m the tieatment of experimental Bacillus peitussis infections of 
mice and this is likewise appai ently true of peitussis of childien except 
that this compound, as well as neopiontosil and sulfapyndme, may have 
some value m the prevention of the dieaded bronchopneumonia and 
other complications of this disease (table 23) 
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On the othei hand, sulfanilamide and sulfapyridine have appaienlly 
pioved effective in the tieatment of some patients with the highly moital 
Bacillus influenzae meningitis, especially when tieatment includes the 
administration of adequate amounts of immune seium I have had 3 
patients, with 1 lecoveiy, who weie treated with maximum doses of 
neoprontosil by paienteial admimstiation, combined with intia\ enous 
and intrathecal injections of serum 

Sulfanilamide has also pioved somewhat effective m the tieatment 
of experimental B pyocyaneus infections of mice, and while clinical 
lepoits aie too few to wan ant an expiession of its clinical value, this 
compound, as well as neopiontosil, appears worthy of tnal m the tieat- 
ment of seveie infections, especially septicemia I have had 1 patient, 
a child, n ho had septicemia with positive blood cultures but who i ecov- 
ered aftei the oial and paienteial admimstiation of neopiontosil 

The lesults in acute rheumatic ievei aie doubtful, although it is 
thought that sulfanilamide may i educe oi pie\ent the incidence of lecm- 
lence of this disease, and its admimstiation may be woitli while foi 
this puipose 

Encouraging leports have also been made on the effectiveness of 
sulfanilamide m the treatment of patients with tulaienna, lupus eijthe- 
matosus and glandular fever It has pi oved ineffective in expei uuental 
syphilis of labbits, and Pansei has found piontyhn (sulfanilamide) 
to exeit but little effect on the leactions of the blood in sei oiesistant 
foims of this disease Some fungi are susceptible in vitio but among 
mycotic diseases sulfanilamide has appaiently pioved encoui aging and 
effective only in patients with actinomycosis, lesults indicating that it 
is piobably woithy of tnal in the tieatment of this chiomc disease 

Viius Diseases — As shown m table 24, the only expei imental vnus 
disease m which sulfanilamide and sulfapyndme have definitely pio\ed 
effective is lymphogi anuloma vcneieum in mice As shown in table 25, 
these compounds have also pioved highly effective m the tieatment of 
the disease in human beings 

The cuiative effects of these compounds m expei imental lymphoc)tic 
choiiomeningitis aie still doubtful, and appaiently clinical lepoits aie 
not available, although the tendency to spontaneous iecorei\ lendeis 
chemotherapy haidly woith while 

In expei imental encephalitis due to the St Louis wins as veil as 
m that due to heipetic virus and to the viius of equine encephaionnehtis, 
sulfanilamide has pio\cd ineffective, and theic is no reason for expecting 
bettci clinical results 

Sulfanilamide may possess some theiapeutic ponei m expenmental 
infections of mice with the mi us of influenza, but it is doubtful if this 
compound, oi neopiontosil oi sulfapj ridme has any helpful effects m 



Table 24 — Expenmental Funs and Rickettsial Infections 


Authors 

Compounds 

Infection 

Animals 

Results 

MacCallum and Findlaj 

Sulfanilamide 

Lymphogranuloma 

venereum 

Mice 

Effective 

Bar 

Sulfanilamide 

Lymphogranuloma 

venereum 

Mice 

Effective 

Lev aditi 

Sulfanilamide 

Lj mphogranuloma 
venereum 

Mice 

Effective 

McKee, Kale, Greep and Van Dyke 

Sulfnpj ridinc 

Lymphogranuloma 

venereum 

Mice 

Effective 

McKee, Bake, Greep and Van Dvke 

Sulfnthinzolc* 

Lymphogranuloma 

venereum 

Mice 

Effective 

Rosenthal 

Soluble 

prontosil 

Choriomeningitis 

Mice 

Effective 

McKinley, Meek and Acree 

Sulfanilamide 

Choriomeningitis 

Mice 

Ineffective 

McKinley, Meek and Acree 

Sulfanilamide 

St Louis eneeph 
alitis 

Monkejs 
and mice 

Ineffective 

McKinley, Meek and Acree 

Sulfanilamide 

Herpetic enccphnl 
itis 

Monkej = 
and mice 

Ineffective 

McKinlej , Meek and Acree 

Sulfanilamide 

Poliomyelitis 

Monkejs Ineffective 

Kelson 

Sulfanilamide 

Poliomyelitis 

Monkejs Ineffective 

Toomey and Takacs 

Sulfanilamide Poliomjehtis 
and sulfapyridine 

Monkeys Ineffective 

Chmenko, Crosslcj and Nor they 

Sulfanilamide 

Influenza 

Mice 

Ineffective 

Pittman 

Sulfnpj ridinc 

Influenza 

Mice 

Effective 

Cooper, Gross and Lems 

Sulfanilamide 

Rabies 

Rats 

Slightly 

effective 

Docliez and Slanetz 

Sodium 

sulfanilamide 

Canine distemper 

rerrets, 
dogs and 
cats 

Doubtful 

Dickerson and Whitnev 

Sulfanilamide 

Cnnine distemper 

Dogs 

Ineffective 

Topping 

Ncoprontosil 
and sulfn- 
pj ndino 

Rocky Mountain Guinea 

spotted fever and pigs 

endemic typhus fe\cr 

Ineffective 

* 2 (paraaminobenzenesulfonamido) tlilazole 




Table 25 — Fv ns Disease v 



Authors 

Compounds 

Diseases 

Number of 
Patients 

Results 

Shaffer and Arnold 

Sulfanilamide 

L5 mphogranuloma 
venereum 

12 

Favorable 

Knight and David 

Sulfanilamide 

Lymphogranuloma 

venereum 

2 

Favorable 

Earle 

Sulfapyridine 

Lymphogranuloma 

venereum 

H 

Favorable 

Hebb, Sullivan and Eelton 

Sodium sulfamljl 
sulfanllate and 
sodium sulfamlnte 

Lymphogranuloma 

venereum 

14 

Favorable 

Shropshear 

Sulfanilamide 

Lymphogranuloma 

venereum 

10 

rnvorab’e 

Young and Moore 

Sulfanilamide 

Influenza 

5 

Effective* 

Thompson and Greenfield 

Sulfanilamide 

Measles and 
pertussis 

Not 

stated 

Effective* 

Vigors 

Sulfanilamide 

Trachoma 

o 

Effective 

Kirk, McKelvie and Russem 

Sulfanilamide 

Trachoma 

23 

Effective 

Loe 

Sulfanilamide 

Trachoma 

140 

Effective 

Harley, Brown and Herrell 

Sulfanilamide 
and neoprontosil 

Trachoma 

11 

Effective 

Spearman and Vandevere 

Sulfapyridine 

Trachoma 

o 

Effective 

Larimer and Wiesser 

Sulfanilamide 

Human equine 
encephalitis 

16 

Ineffective 


* In the prevention of bacteml complications 
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the treatment of this disease in human beings except, possibly, to reduce 
the incidence of complications due to secondaiy bacterial infection, 
especially with hemolytic stieptococci The same is true of the mi us 
of measles 

Patients with trachoma, however, which is now widely regaided as 
a \ irus disease, are being successfully treated with sulfanilamide, sulfa- 
pyndine and neopiontosil The literatuie recoids the tieatment of ovei 
300 patients with these compounds, with excellent lesults, especially m 
the eaily stages of the disease 

Unfortunately, the compounds have pioved completely mefiectne 
in the prophylaxis and treatment of expenmental acute anterioi polio- 
myelitis of monkeys Rule and I have administered neoprontosil, 
sulfanilamide and sulfapyi ldme to 6 monkeys (2 for each compound) 
by the oial loute in doses as high as 0 1 Gm per kilogram of body 
weight eveiy twelve hours for seven days in succession (hist dose imme- 
diately aftei mtiacerebial inoculation), without the slightest effect, 
since flaccid paialysis developed m all, including 2 controls, in fiom 
seven to eleven days aftei inoculation While Wagnei stated the belief 
that sulfapyridme is woithy of clinical tnal in the tieatment of the dis- 
ease, it is unlikely that helpful effects will be subsequently observed 

Caro has reported encouraging lesults m the tieatment of the dread- 
ful pemphigus with sulfanilamide, but to the best of my knowledge 
this compound has not geneially proved effective, although Tioup and 
White have recently leported the successful tieatment of a patient with 
pemphigus neonatoium with sulfapyi ldme, and Eiskme and Royds 
repoited the use of the same compound in an adult with pemphigus 
vulgaris m whom agianulocytosis developed from the diug, the patient 
lecoveied While the etiology is unceitam, I peisonally suspect that 
the disease is due to a vnus My expenence is confined to 2 patients 
tieated with sulfapyridme, who ultimately succumbed It was my 
impiession, however, that the compound reduced the degiee and seventy 
of secondary infection of the blisteis with staphylococci and stieptococci 

Howevei, I have had excellent results with sulfapyi ldme in the 
treatment of 2 patients with deimatitis herpetiformis, which I also sus- 
pect may be a vnus disease Aftei arsenic and all other measures 
failed, both patients piomptly responded to the oial admimstiation of 
the compound At the time of wilting both are kept fiee of the lesions 
by taking 10 to 20 giains (0 65 to 1 29 Gm ) per day m divided doses 
but as soon as medication stops the lesions leturn with intolerable itch- 
ing It is my hope, how'e\ ei , that they will ultimately recorei after 
prolonged tieatment, as the condition m each case is clnomc and of 
tluee and seien yeais' duiation, respectnely 

Recently McCammon has reported that the treatment of 4 patients 
with smallpox with sulfanilamide ga\e farorable results Whethei or 
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not the compound is tliei apeuticalfy effective against the vnus cannot 
be stated, as the impiovement noted may have been due to the preven- 
tion of secondary stieptococcic and staphylococcic infection of the lesions 
by this drug 

McKinley, Meek and Aciee have found sulfanilamide ineffective 
m the tieatment of fibiomatosis and myxomatosis of labbits, which may 
be due to viruses 

Diseases Due to Ammal Paiasites — The only paiasitic disease that 
I know of in which neopiontosil, sulfanilamide and sulfapyndine may 
be effective is malaria, especially in monkeys infected experimentally 


Table 26 — Diseases Due to Animal Paiasites 


Authors 

Compounds 

Diseases 

Animals 

Results 

Coggeshall 

Sulfanilamide 

Malaria 

Monkejs, 
canaries and 
chicks 

Effective* 

Pakenham Walsh and Rennie 

Sulfanilamide Malaria 
and sulfapjndine 

Human beings 

Effective 

Diaz deLcon 

Soluble 

prontosil 

Malaria 

Human beings 

Effective 

Hill and Goodwin 

Soluble 

prontosil 

Malaria 

Human beings 

Effective 

Hall 

Soluble 
prontosil and 
sulfanilamide 

Malaria 

Human beings 

Ineffective 

Paget, Palmer and Sherwood 

Sulfanilamide 

Malaria 

Human beings 

Ineffective 

McCoy 

Sulfanilamide 

Trichinosis 

Human beings 

Ineffective 

McNaught, Beard and De Eds 

Sulfanilamide 

Trichinosis 

Rats 

Slightly 

effective! 

Brown 

Sulfanilamide 

Pillanasis 

Dogs 

Ineffective 

Kolmer and Rule 

Sulfanilamide 

Trypanoso- 

miasis 

Rats 

Ineffective 


* Rhesus monkeys inoculated with Plasmodium knowlsi, ineffective against Plasmodium 
mui, Plasmodium cathemcrium and Plasmodium lophurae 

t In reducing the number of encysting trichmellas by 55 per cent 


with Plasmodium knowlsi and m human bemgs infected with Plas- 
modium vivax (table 26) Coggeshall has found that with mixed 
malanal infections m the same experimental animal sulfanilamide eradi- 
cates a virulent P knowlsi infection, leaving the animal with a milder 
chronic Plasmodium mui infection Howevei, sulfanilamide is an 
inferior theiapeutic agent in human malaria Pakenham-Walsh and 
Rennie found sulfapyndine destiuctive to P vivax in a patient 
with dementia paralytica inoculated with this parasite, and they advised 
against its administration during the malarial tieatment of this disease 
Otheiwise these compounds appeal to be meffectne m the treatment 
of patients with trichinosis, filial lasis and trypanosomiasis and most 
likely also with the different types of leishmaniasis 





Table 27 — Summaiy of TheiapcuUc Effectiveness m the Tieatmcnt of 

Evpenmental Infections 


Infections 

Animals 

Compounds 

Results 

Hemolytic streptococcus 

Mice and rab 
bits 

The prontosils, sulfanilamide 
and sulfapyridine 

Effective 

Meningococcus 

Mice 

Sulfanilamide, sulfapyridine 
and sulfathiazole* 

Effective 

Pneumococcus (all types) 

Mice, rabbits, 
rats and dogs 

Sulfanilamide, sulfapyridine 
and sulfathiazole 

Effective 

Gonococcus 

Mice 

Sulfanilamide 

Effectne 

Staphylococcus 

Mice 

Sulfanilamide, sulfapyridine 
and sulfamethylthiazolet 

Fairly effccthe 

Brucella 

Guinea pigs 
and mice 

Neoprontosil, sulfanilamide 
and sulfapyridine 

Effective 

Bacillus typhosus 

Mice 

Neoprontosil, sulfanilamide 
and sulfapyridine 

Fairly effectne 

Clostridium weleliii 

Guinea pigs 
and mice 

Sulfanilamide and sulfa- 
pyridine 

Effective 

Bacillus tuberculosis 

Guinea pigs 
and rabbits 

Sulfanilamide and sulfa 
pyridine 

Doubtfully effective 

Bacillus coli 

Mice 

Sulfanilamide and sulfa 
pyridine 

Effective 

Bacillus proteus 

Mice 

Sulfanilamide and sulfa 
pyridine 

Effective 

Bacillus dysenterme 

Mice 

Sulfanilamide and sulfa 
pyridine 

Ineffective 

Bacillus fncdlandcr 

Mice 

Sulfanilamide and sulfa 
pyridine 

Slightly effectne 

Bacillus pyocyancus 

Mice 

Sulfanilamide and sulfa 
pyridine 

Effective 

Bacillus pertussis 

Mice 

Sulfanilamide 

Ineffective 

Bacillus pcstis 

Mice and rats 

Sulfapyridine 

Effective 

Bacillus onthracis 

Mice 

Sulfanilamide and sulfa 
pyridine 

Doubtfully effectne 

Spirochacta pallida 

Rabbits 

Sulfapyridine 

Ineffective 

Listcrella monocytogenes 

Mice 

Sulfanilamide and sulfa 
pyridine 

Effective 

Erysipelotliiiv. 

Mice 

Sulfanilamide and sulfa 
pyridine 

Ineffective 

Virus of lymphogranu- 
loma venereum 

Mice 

Sulfanilamide, sulfapyridine 
and sulfathiazole* 

Effective 

Virus of choriomeningitis 

Mice 

Neoprontosil 

Doubtfully effective 

Virus of encephalitis 

Mice and 
monkey s 

Sulfanilamide 

Ineffective 

Virus of poliomyelitis 

Monkey s 

Sulfanilamide and sulfa 
pyridine 

Ineffective 

Virus of influenza 

Mice 

Sulfanilamide and sulfa 
pyridine 

Ineffective 

Virus of rabies 

Rats 

Sulfanilamide 

Ineffective 

Rickettsia 

Guinea pigs 

Neoprontosil and sulfa 
pyridine 

Ineffective 

Malaria 

Monkevs 

Sulfanilamide and sulfa 
pyridine 

^lightly effective 

Trichinosis 

Rats 

Sulfanilamide 

Doubtfully effective 

Filnriasis 

Dogs 

Sulfanilamide 

Ineffective 

Trypanosomiasis 

Rats 

Sulfanilamide 

Ineffective 


* 2 (paraaminobenzenesulfonamido) thinzolc 
t 2 (paraaminobenzenesulfonamido) methvlthiazole 
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Summary — In table 27 I have attempted to summanze the theia- 
peutic effectiveness of the piontosils, sulfanilamide and sulfapyridme in 
the treatment of a large number of experimental infections of the lower 
animals, as reported on at the present time, table 28 presents a bnef 
summary of their status in the treatment of various bacterial, virus and 


Table 28 — Summaiy of The) apatite Value m the Treatment of Human Diseases 


Diseases 

Compounds 

Results 

Local infection of hemolytic streptococcus Keoprontosil and sulfanilamide 

Very good 

Hemolytic streptococcic septicemia 

Kcoprontosil and sulfanilamide 

Very good 

Streptococcic pneumonia and empyema Kcoprontosil and sulfanilamide 

Very good 

Streptococcic meningitis 

Kcoprontosil and sulfanilamide 

Good 

Erysipelas 

Kcoprontosil and sulfanilamide 

Very good 

Scarlet fever 

Kcoprontosil and sulfanilamide 

To prevent 



complications 

Streptococcic peritonitis 

Kcoprontosil and sulfanilamide 

Good 

Streptococcus viridans endocarditis 

Sulfapjridine 

Worthv of use 

Ulcerative colitis 

Kcoprontosil 

Good 

Meningococcic meningitis 

Sulfanilamide 

A crj good 

Menmgococcic septicemia 

Sulfanilamide 

Worthy of use 

Pneumococeie pneumonia 

Sulfapjridino 

Very good 

Pncumococcic meningitis 

Sulfapyridine 

Good 

Pneumococeie peritonitis 

Sulfapyridine 

Good 

Gonococcic urethritis 

Sulfanilamide and sulfapyridine 

Good 

Gonococcic ophthalmin 

Sulfanilamide and sulfapyridine 

Good 

Gonococcic arthritis 

Sulfanilamide and sulfapyridine 

Good 

Infections of the unnarj tract 

Keoprontosil and sulfanilamide 

Good 

Staphylococcic septicemia 

Sulfnpyndine and neoprontosil 

Encouraging 

Undulant fever 

Sulfanilamide and neoprontosil 

Good 

Chancroid 

Sulfanilamide 

Good 

Typhoid fever 

Sulfanilamide 

Worthy of trial 

Clostridium tvelehn infections 

Sulfanilamide, sulfapyridine 

Very good 


and neoprontosil 

Tuberculosis 

Sulfanilamide 

Ineffcctne 

Bacillus pyocyaneus infections 

Sulfanilamide 

Worthy of use 

Pertussis 

Sulfanilamide 

To prerent 



complications 

Influenzal meningitis 

Sulfapyridine and sulfanilamide 

Worthy of use 

Bacillus fnedlander pneumonia 

Sulfnpyridine 

Worthy of use 

Rheumatic fever 

Sulfanilamide 

Doubtful 

Tularemia 

Sulfanilamide 

Worthy of use 

Glandular fever 

Sulfapvndine 

Worth} of use 

Lupus erythematosus 

Sulfanilamide 

Ineffective 

Pemphigus 

Sulfapyridine 

Encourag ng 

Dermatitis herpetiformis 

Sulfnpjridmc 

Worth} of u c e 

Actinomycosis 

Sulfanilamide 

Worthy of use 

Lymphogranuloma venereum 

Sulfanilamide 

Very good 

Measles and pertussis 

Sulfanilamide 

To prev ent 


complications 

Trachoma 

Sulfanilamide 

Ven good 

Rabies 

Sulfanilamide 

IneiTecthe 

Smallpox 

Sulfanilamide 

Doubtful 

Poliomyelitis 

Sulfanilamide 

Ineffective 

Trichinosis 

Sulfanilamide 

Ineffective 


parasitic diseases of human beings No one can fail to be impiessed 
with the great and lemarkable value of sulfanilamide and its derivatives 
m the treatment of a lemarkably wide range of bacterial infections, 
although they are of limited value m the tieatment of virus diseases 
and those due to animal paiasites Without doubt the discovery of 
the therapeutic effectiveness of sulfanilamide constitutes the gieatest 
single triumph in therapeutic science, even outranking in importance 
the discovery of arsphenamme and its allied compounds for the tieat- 
ment of syphilis and other diseases due to spirochetes 
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It is important to mention in this connection, how evei , that the 
lational use of sulfanilamide and its dernatnes is based moie on bac- 
tonologic than on clinical diagnosis, and their indiscriminate use in the 
absence of the former is to be deprecated Furthermore, then value 
m the treatment of local infections, notably streptococcic infections of 
wounds and burns and suppuiative infections, is probabl) influenced 
by the piesence of pus and debus 

PROPHYLACTIC VALUE 

That the possibilities of the piophylactic value of sulfanilamide and 
its denvatives aie worthy of careful attention is readily appi eciated 
But final appiaisal must depend moie on the lesults of caiefull) con- 
ducted animal experiments than on clinical observations, because one 
cannot be suie in human beings that infection has 01 would hare 
occurred Ceitamly the compounds aie lapidly absoibed and eliminated, 
so that little 01 nothing is to be leasonably expected fiom single doses 
In othei words, piophylaxis demands the piesence of effectne con- 
centiations in the blood over at least buef penods of time But this 
can be readily attained and is piobabfy of definite prophylactic ralue 

Levaditi and Vaisman weie first to study the piophylactic activitr 
of the piontosils m expei unental sti eptococcic infections of mice Good 
lesults weie obseived when mice w r ere inoculated wothin f 01 ty -eight 
hours aftei admimstiation The period of piotection w r as found to last 
up to eight days When the compounds w r eie given paienteiall) , wuth 
slowei absoiption and elimination, piotection enduied foi as long as 
twenty-thi ee days Montestiuc obseived definite piophylactic eflects 
m lats against expei imental sti eptococcic infections wdien sulfanilamide 
w'as injected in oily suspensions but not w r hen it w r as given in solution 
Hoare has leported that mice can be protected against mtiapeiitoneal 
infection with hemolytic stieptococci by the subcutaneous injection of a 
single dose of sulfap)iidme but that lepeated doses are required aftei 
infection if the compound is given by stomach With sulfanilamide 
owing to its gi eater solubility, a single subcutaneous propin lactic injec- 
tion had but little effect, but good piotection w r as obtained when in 
addition to the prophylactic dose the compound was giren twuce daih 
foi thiee days after infection As a result of the piotection afforded 
to mice by a single dose before infection followed by several doses 
theieaftei and fiom lm estigations on the bactericidal pow r er of the 
blood of normal human beings, Colebrook and Kenny advocated the me 
of sulfanilamide as a proph} lactic measure m certain circumstances 
against hemolytic streptococcic infection m the puerperium, but the\ 
latei consideied that their experiments on mice had not been quite 
conclusne, as equally good lesults might ha\e been obtained had the 
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initial piophylactic dose been omitted Whitby has obseived in a laige 
numbei of tests in vivo and m vitio with sulfap)iidine and pneumococci 
(hat the compound is not instantly bactencidal 01 even instantly bacteno- 
static Animals which leceived the compound prophylactically so that 
they had a high concentiation m the blood at the time of mtrapentoneal 
inoculation with pneumococci neveitheless enduied blood stieam imasion 
and multiplication which went on for some houis yet in twentv-foui 
horns the infection was ended (the “lag” phenomenon) 

As pieviously stated, it is difficult to judge the piophylactic value 
of neopiontosil, sulfanilamide and sulfapyndme on clinical giounds 
alone, but the following appeal to be leasonable and hopeful applications 

1 In cases of difficult deliver) and foi pueipeial women exposed 
to sti eptococcic infection at 01 near the time of delneiy Plow ever, 
W'-ell organized maternity units at piesent have an incidence of puerpeial 
hemolytic streptococcic infections (gioup A) not ovei 1 in 500, and it 
would be necessaiy to give piophylactic tieatment to thousands of women 
as well as to observe the equal numbei of untreated patients befoie 
statistical data of any leal value could be obtained But even if the 
compounds failed to prevent infection they would most likely pre\ent 
the rapid development of a localized infection into the moie dangeious 
involvement of the peritoneal cavit) oi of the laige Kins draining the 
urogenital tiact with acute oi subacute septicemia 

2 Foi patients exposed to the dangei of gas gangiene (Clostiidium 
welchn), especially since the antitoxin is of limited piophylactic value 

3 In epidemics of soie thioat due to milk-borne stieptococci 
although Smith consideied sulfanilamide of no pi oph) lactic -value against 
epidemic tonsillitis, piesumably because an adequate dose could not be 
given indefinitely 

4 Possibly for the pievention of extension of hemol)tic sti eptococcic 
infection to the middle eai and mastoid cells aftei tonsillectomy in the 
piesence of hemolytic stieptococcus , also foi the pievention of extension 
of infection to the lateial sinus oi to the meninges fiom the mastoid 
cells or nasal accessoiy sinuses, although, as pievioush stated, this has 
been objected to on the basis that it may mask mastoiditis secondaiv to 
otitis media 

5 For the prevention of pentomtis following the mpture of a 
suppuiating vermifoim appendix and fiom open wounds of the intes- 
tines, since these compounds aie highly effective against the hemolytic 
streptococcus, B coli and Cl welchn 

6 For the prevention of hemolytic sti eptococcic infection aftei acci- 
dental pricking of the fingeis m the necropsy oi opeiating looms 

7 For the pievention of sti eptococcic infections duimg the couise 
of rheumatic fevei, as suggested by Thomas and Fiance and by Cobuin 
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and Moore who ha\e obtained promising results vith small doses of 
sulfanilamide giv en o\ er a considerable period also for the pre\ entio i 
of the dreaded bronchopneumo ua and otitis media due to streptococci of 
measles and pertussis as suggested bv Thompson and Greenfield 

8 For oral administration to practicalh all patients with rheumatic 
heart disease for two davs before and tv o to three davs after the 
extraction of infected teeth or tonsillectomy as suggested bv Long and 
Bliss I presume this adMce was gi\en principally for whatever value 
sulfanilamide mav have m the prevention of the dreaded and highly 
mortal subacute endocarditis due to Sti v lndans but since this compound 
and its denv am es are but slightly effectiv e against nonhemolytic tv pes of 
streptococci I doubt if they will show this greatlv to be desired prophv - 
lactic activitv However the compound given m this manner mav be 
useful as a prophv lactic measure w hen the foci of infection are largelv or 
entirely due to hemolytic tv pes of streptococci 

9. For prophv laxis of memngococcic meningitis during epidemics of 
this disease although a distinct and important objection is the long 
period of time this would likely require As prev lously stated sulfanil- 
amide does not appear to have prophylactic value against gonorrhea 
and according to Felke the same is true of uleion (suliamlvldimethvl- 
sulfamlanude) 

The effective dose for prophv lactic purposes cannot be stated at the 
present time For the adult Hoare has suggested 15 grains (0 97 Gin ) 
of sulfanilamide or sulfapvndme every eight hours for at least three 
or four days pointing out that protection probably disappears twelve 
hours after the last dose These appear to be sensible recommendations 
for infections with a short period of incubation but when longer admin- 
istration is required I suggest for the adult 10 grains (0 65 Gm ) of 
either compound everv eight hours with smaller doses for children on 
the basis of bodv weight 

THERAPEUTIC VALUE OF LOCAL APPLIC VTIOXS 

If the successful therapeutic activitv of sulfanilamide and its deriva- 
tives depends on their uniform permeation of infected tissues bv wav of 
the blood with the possible release or transformation into bactericidal 
compounds local applications would appear to be a poor alternative For 
this purpose however sulfanilamide in 1 per cent solution appears to 
be the compound of choice since neoprontosil has much less direct action 
on bacteria and sulfapvndme is too low m solubihtv 

In the treatment of memngococcic streptococcic and pneumococcic 
meningitis the intrathecal injection of 10 to 30 cc of a 1 per cent solu- 
tion of sulfanilamide at the outset of treatment appears to be worth 
while m order to secure an effective concentration of free sulfanilamide 
m the cerebrospinal fluid as quickly as possible 
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J L Brown has injected the soluble prontosil into the pleural cavity 
in 2 cases of sti eptococcic empyema, with apparently good results, and 
Gay and Clark have shown that mtiapleural injections of sulfanilamide 
prevent the development of an otherwise fatal sti eptococcic empyema 
m rabbits Sulfanilamide was used locally as well as oially by Purdie 
and Fry foi the treatment of two sinuses which had discharged pus 
containing streptococci foi three 3'ears after parametritis The lapid 
healing indicated that chronic as well as acute infections aie probably 
amenable to local applications Becker and Jaeger have reported good 
lesults m the treatment of various cutaneous diseases by local applica- 
tions of the soluble prontosil and Schranz, 111 the treatment of infections 
of the thioat by gaighng with it, but theoretically a cavity m which the 
solution can be retained m effective concentration seems a more hopeful 
site than applications to the skin or mucous membrane The use of 
1 pel cent solutions of sulfanilamide, howevei, would appear to be 
worthy of trial in the treatment of ocular infections due to hemolytic 
stieptococci, pneumococci or gonococci, because of the ease ot fiequent 
applications, it majr be also worthy of tnal m the tieatment of ethmoi- 
ditis and sphenoiditis, by instillation with the head m the Pioetz posi- 
tion, as well as m the tieatment of empjema, peiitomtis and wounds 

MODE OF ACTION 

In view of the remarkable therapeutic effectiveness of sulfanilamide 
and its derivatives m infections due to a wide variety of oiganisms, it 
is not surpnsmg that considerable effort has been devoted to explaining 
the precise mechanism hy which they produce these results These 
efforts have not been alone foi the purpose of lmpioving the compounds 
but because they offer an appioach to the mechanism of chemotherapy 
m general, concerning which there is little precise information 

As stated by McIntosh and Whitby, the theones advanced from 
time to time may be grouped undei the following foui heads (1) that 
the compounds have a stimulating action on the specific and nonspecific 
body defenses, (2) that they are capable of neutiahzmg toxic bacterial 
products, ( 3 ) that they act on bacteria themselves, eithei as geinucides 
or, m some moie subtle fashion, by intei fering with invasive powei 
and ability to multiply rapidly, or ( 4 ) that they act by some combina- 
tion of two or moi e of these mechanisms 

There is, howevei, little evidence to support the hypothesis that 
they directly stimulate the specific and nonspecific body defenses Dis- 
posal of organisms exposed to sulfanilamide m vitro and m vivo by 
phagocytosis has been commonly observed, but it is doubtful if this is 
due to a direct stimulating effect on leukocytes, as suggested by Tunm- 
cliff Nor is there an)' evidence to show that they stimulate the antibody- 
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producing tissues, with the mci eased pioduction of such normal 01 
acquired specific antibodies as antitoxins, opsomns, agglutinins and 
bacteriolysms 01 such nonspecific substances as leukms and plakins 
Nor is there aiiy evidence to support the ongmal hypothesis of Levaditi 
and Vaisman that they prevent the foimation of capsules 01 destiox 
those that have been pioduced 

Furthermore, it is doubtful if they aie capable of inactivating 
exotoxms or endotoxins, although Caipenter and Barbour ha\e 
lecently reported that sulfanilamide protected 87 7 per cent of 80 mice 
against sti eptococcus toxin, 84 pei cent of 100 against Cl welchu toxin 
86 7 pei cent of 60 against Clostridum botuhnum toxin but onl) 5 pci 
cent of 60 against the toxin of the gonococcus 

But sulfanilamide may prevent the foimation of toxins, as suggested 
b) Osgood and Powell Gay and Claik have obscived that under ceitain 
conditions it acts on the sti eptococcus not onl) by inhibiting giowth but 
by temporarily inhibiting hemotoxm formation, without being able to 
neutralize hemotoxm aheady foimed No significant effect, howe\ei 
was found on the foimation of leukocidm oi fibnnolysm 

On the othei hand, all the available evidence indicates that sulfanil- 
amide and its denvatives inhibit the giowth of stieptococci and othei 
oiganisms both m vitio and m vivo, as shown by Keefei and Rant/ 
and by othei s The degiee of bactenostasis in vitio is, of couise, in 
lelation to the cultuie medium, if it is pooi, bactenostasis is maikcd 
and may even lesult in complete stenhzation, and if it is good, complete 
destiuction of even small numbeis of bactena does not occui As shown 
by King, Henschell and Gieen, sulfanilamide inhibits beta stieptococci 
in tissue cultures, the effects vaiying dnecth with the concentiation 
of the compound and inveisely with the numbei of colonies, i eduction 
m hemolysis was obseived to accompany bactenostasis Stamp has 
cxti acted a fi action fiom a bioth cultuie of gioup C hemolytic strepto- 
cocci wduch is capable of antagonizing the bactenostatic action of sulf- 
anilamide and sulfapyndme in vitio and apparently fiee from protein and 
consists of a mixture of substances of lelatnely loyv molecular weight 
including free ammo acids 

The impoitant question is how sulfanilamide and its dematncs 
pioduce bactenostasis Available evidence indicates that it is probably 
the lesult of neutralization or inactivation of some metabolic or enz)- 
matic activity on the pait of the organisms Foi this leason the 
obsenations of Shinn, Mam and Mellon indicating that pneumococci 
and stieptococci maj comert sulfanilamide into an anticatah tic com- 
pound capable of mactn'atmg blood catalase and theiebv allowing the 
accumulation of hydiogen peroxide, which is desti uctne for these 
oiganisms, command attention, as does the obseryation by Lockwood 
that the compound destro\s pioteases and theieby inhibits bacterial 
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growth Also of mteiest is the theoiy of Mellon, of Buttle and his 
associates and of Domaglc that the compound intei acts with the tissues 
reciprocally by a piocess of potentiation lesultmg in bactenostasis 

In other woids, it appeals at the piesent tune -that the therapeutic 
efficacy of sulfanilamide and its denvatives depends on their ability to 
inhibit the giowth of organisms both m vitio and in vivo by interfering 
with their proliferative activities piobably by affecting the metabolic 
and enzymatic activity This naturally 1 educes then invasiveness in 
vivo, and undei the conditions the organisms 1 educed m numbers aie 
thereby better and moi e pi omptly 1 emoved by phagocytosis by leukocytes 
and the cells of the leticuloendothehal system, as well as possibly 
dnectly destroyed by natuial or acquned bactenolysms and by such 
natural nonspecific immune bodies as the leukms and plakms of the 
blood In othei woids, inhibition of giowth (bactenostasis) appeals 
to be the important pinnaiy effect, and disposal of the organisms by 
phagocytosis appeals to be the important secondaiy effect In this 
lespect sulfanilamide and its denvatives act like "chemical opsomns,” 
m the sense that the organism is fist lendered Milneiable or susceptible 
to phagocytosis by them, as shown by Chandler and Janeway, by 
Kolmer, Rule and Wernei, by Reid and by othei s 

For a discussion of the 1 elation of chemical constitution to chemo- 
theiapeutic action, I can do no better than to quote fiom Marshall 

Two lines of lesearch which are being pursued actively at present ha\e for 
their objectives 1, to obtain more effective and less toxic drugs to use in place 
of sulfanilamide, and 2, to obtain drugs which aie effective in bacterical infections 
in which sulfanilamide fails Since many hundreds of compounds have already 
been tested, we can study to a limited extent the important pioblem of the relation 
of chemical constitution to effective chemotherapeutic action In general only 
qualitative conclusions can be drawn, because few comparisons of the effective- 
ness of different compounds have been made in a really quantitative manner, the 
number of mice used is frequently too small and, due to diffeiences in absorption 
and excretion, the doses used do not express the correct relation between the 
compounds A comparison of compounds on the basis of the blood concentration 
necessary for a given therapeutic effect would be much moie \aluable Anothei 
difficulty is the lack of a standard method for assaying the therapeutic value of 
new compounds The strain of organism, the Miulence and numbei of organisms 
used for infection, the amount and spacing of the dosage, the time after infection 
ol administering the first dose, the length of the period of therapy, and the length 
of time the mice are observed unquestionably affect the quantitative comparison of 
two active compounds having different ratios of absorption and excretion Thd 
two general methods in use for assaying a new compound are to compare the com- 
pound with sulfanilamide on the basis of average survival time of the treated 
mice or to compare the mortality rates of groups of mice treated with the com- 
pound and with sulfanilamide, these two methods probably do not give the same 
result with all compounds 

So far, all of these newer compounds which have been shown to be active 
against bacterial infections contain sulfur It has been demonstrated, however, 
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that the sulfonamide group is not necessary for actiuty Mam compounds which 
do not contain this group and cannot >ield it m the body are lnghlj effective as 
bacterial chemotherapeutic agents Thus mercaptans, disulfides, sulfimc acids, 
sulfonic acids, monosulfides, sulfoxides, and sulfones containing an aromatic nucleus 
have all been reported to have definite therapeutic actiutv against streptococcus 
infection in mice With few exceptions, all of these compounds which aie active 
contain a mtro, amino, or substituted annuo group in the para-position to the 
sulfur 

Considerable information is available concerning the effect of changes m the 
sulfanilamide molecule on antistreptococcus activity Little 01 no activitv is found 
in mononuclear compounds in which either the amino group is replaced bj some 
other group or the sulfonamide group by groups not yielding a sulfonic acid on 
oxidation An apparent exception to this is the activity of compounds wlieic the 
ammo group is replaced by a mtio group or azo linkage This is to be explained 
ny the ready change of such compounds to an amino compound in the organism 
A shift of the ammo group to the ortho or meta position results in loss of activitv , 
also, a third group m the benzene ring results in loss or lowering of activity 
Substitution of amino group by alkyl, aralkyl, substituted alk>l or arvl, acvl, and 
alkylidene groups in general lesults in lowering or loss of activity However, 
substitution on the amide nitiogen has a variable effect Methyl and ethvl groups 
have little effect, higher alkyl groups decrease the activity, and p-anuno- or 
p-mtrophenyl gioups aie stated to increase it Compounds of the type of sulfamljl- 
sulfamlannde (or polycylic chains of the same general type) have been found 
active, while with substituents in the parent ring the highest activity is found in 
the para-derivative, caiboxy or sulfonic acid groups in the ortho position in the 
second ling give the greatest activity Derivatives of the true disulfamlamide tjpe 
have been stated recently to be active 

The question of vvhethei or not a real specificity foi diffcicnt organisms exists 
cannot be answered dogmatically at present The difference in activitv of various 
compounds against organisms like streptococci, pneumococci and gonococci mav be 
a quantitative rather than a qualitative difference The fact that diaminodiphenjl- 
sulfone and 2-sulfamlj lanunopyridme are both effective against sti eptococcus 
infections, but infinitely more effective against pneumococcus than sulfanilamide, 
would argue for some sort of specificity, as would the limited data available on 
the treatment of experimental virus infections 

ABSORPTION, EXCRETION AND DISTRIBUTION 

In human beings sulfanilamide is nearly completely absoibed m 
tlnee to four houis aftei oral ingestion of moderate doses in capsules 
or tablets ( Mai shall ) , the same is tiue of neopiontosil, sulfapv ridme, 
sulfanilylsulfanilanude and sulfamlv Idimeth} lsulfamlanude Sulfanilamide 
is absorbed much more quickl) when taken m solution by mouth than 
when taken m solid foim, appaienth because the drug is iapidh absoibed 
fiom the intestine (Marshall) Absoiption of solutions of sulfanilamide 
and neoprontosil from the subcutaneous tissues and muscles is even moie 
lapid, and consequently parenteial administration is fiequently indicated 
foi the initial dose m seveie infections 

Aftei absoiption a poition of sulfanilamide is conjugated in the 
hvei (ITan is and Ivlem) into acetylsulfanilamide (the paraacetvlammo 
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denvative of benzenesulfonamide), which is piactically inactive against 
streptococci m mice, with sulfapyndine acetylation is roughly constant 
for an individual subject and vanes widely around 60 per cent m human 
beings (Long and Femstone) Both are excieted in the urine parti) 
m the free form and paitly as the conjugated compound Only a small 
amount is usually unaccounted for m human beings 

The excretion of both free and acetvlated compounds occuis mostly 
in the mine and is rapid (twenty-foui and forty-eight hours), similai 
to that of uiea, but reabsorption by the tubules occurs to a greatei 
extent Elimination is reduced in nephritis with deficient mtiogen 
excretion, so that gieatei care is lequired m dosage in the presence of 
nephritis The cleaiance, however, is definitely mci eased by an increased 
late of flow of urine, 3 which is of some impoitance m the treatment 
of gonorrhea and of infections of the uiinaiy tiact, m lelation to fluid 
intake And, as shown by Stewait, Rourke and Allen, pi ecipitation of 
excreted sulfanilamide in urine at room temperatuie suggests the possi- 
bility of the foimation of stones in the urinary tract should the volume 
of urine become too small dui mg sulfanilamide therapy 

Sulfanilamide resembles urea and ethyl alcohol m its equal distnbu- 
tion m the body, it appaiently diffuses readily to all tissues and fluids 
This, however, is m relation to vascular supply, so that diffusion in 
aieas of chionic infection, bone and neciotic tissues may be deficient 
and thus explain deficient therapeutic activity It is present m saliva 
(Fielding, Pmcus and Boyd-Cooper), pancreatic juice, bile, exudates 
and tiansudates in a concentiation slightly lowei than in blood and 
leadily passes into the cei ebi ospmal fluid (Mai shall) As might be 
expected, it passes fiom the maternal to the fetal circulation m pregnant 
animals and women and is present m the same concentration in the fetal 
and m the maternal blood 4 It has pioduced aboition m labbits and 
should be given cautiously during piegnancy It has been found in 
human milk 5 in the same concentration as m the blood, or in a highei 
concentration, but with apparently no toxic effects on nursing infants 

DOSAGE AND ADMINISTRATION 

On the basis of late of absoiption and elimination, of the concentra- 
tion of free sulfanilamide required in the blood for theiapeutic effective- 
ness and of the results of the tieatment of experimental infections and 
human disease, the following principles m dosage and admmistiation of 
sulfanilamide and its important derivatives appear warranted 

1 Treatment should be begun as soon as possible and pieferably 
after bacteriologic as well as clinical diagnosis has been made 


3 Marshall Stokmger Bar 

4 Barker Lee, Anderson and Chen Speert 

5 Adair, Hesseltme and Hac Stewart and Piatt 
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2 A laige initial dose is indicated, especially in severe 01 model - 
ately severe infections, m older to produce an effective concentiation of 
fiee sulfanilamide m the blood as soon as possible In othei words, 
the pi maple involved is exactly the same as m serum theiap), namely, 
to bung about an effective concentiation m the blood as quicklj as 
possible 

3 The chosen compound should be given oially when possible 
Othei wise an 0 8 to 1 pel cent solution of sulfanilamide may be given 
subcutaneously, inti amusculai ly or intravenously, oi a 5 pei cent solu- 
tion of neopiontosil may be given intramusculaily A 25 pei cent 
suspension of sulfapyiidme m stenle olive oil has been used mtiamus- 
cularly but may produce marked local leactions A soluble sodium salt 
of sulfapyiidme (Meick & Co, Inc) is being used at piesent by 
mtiavenous injection but at the time of wilting is not available foi 
general use The adult dose is ordinal lly 1 Gm dissolved in 25 cc of 
saline solution It should be injected slowly Accidental pemasculai 
injections produce painful leactions In England the May and Bell 
Company have produced a soluble sodium salt (M & B soluble 693) 
dispensed m a dose of 1 Gm dissolved m 3 cc of watei foi mti amusculai 
(not subcutaneous) injection It is leported as being not unduly painful 
and less toxic, with the pioduction of less nausea and vomiting than 
aie caused by the insoluble sulfapyiidme by oial admmisti ation 

4 Paienteial admmisti ation is sometimes prefeired for the initial 
dose and may be lequned for comatose patients or pei sons whose 
vomiting pi events oial administration 

5 The compound should be given eveiy four to six horns day and 
night for at least seveial days until impiovement occuis, in older to 
maintain an effective level in the blood and tissues 

6 The concentration of free sulfanilamide and sulfapyiidme m 
the blood vanes consideiably m different pei sons, piobably m i elation 
to absoiption fiom the gasti omtestmal tiact For this leason tests for 
concentration m the blood are always advisable at fiequent mteivals 
foi the puipose of adjusting dosage Foi this pui pose 5 cc of blood 
should be removed fiom a vein about foui horns aftei the pre- 
ceding dose 

7 For seveie infections the dose of sulfanilamide should be such 
as to maintain a level of fiee sulfanilamide of 10 to 15 mg pei hundied 
cubic centimeters of blood (table 29) , for sulfapyiidme a le\el of about 
5 mg pei hundred cubic centimeteis appeals sufficient 

8 For moderately seveie infections a level of 5 to 10 mg of free 
sulfanilamide per hundred cubic centimeteis of blood appeals sufficient 
(table 30) 



Table 29 — Dosage of Sulfanilamide foi the Tieatmcnt of Seicie Infections 


Eiery Tour Total, Tirst Dally Mainte 

Weight First Dose Hours* Twenty Pour Hours nance Doset 

A — A ) — A- . N A 


Pounds Kilograms 

Grams 

Grams 

Grains 

Grams 

Grains 

Grams 

Grains 

Grams 

25 

11 3 

30 

19 

5 

03 

55 

35 

so 

19 

50 

22 7 

50 

32 

10 

0 65 

100 

0 5 

GO 

39 

73 

34 to 45 4 

60 

39 

15 

10 

133 

87 

90 

38 

125 

567 

70 

45 

15 

10 

143 

94 

90 

58 

150 

68 0 

80 

52 

20 

1 3 

200 

13 0 

120 

78 


1 These doses are usually required for establishing a lei el of 10 to 13 mg per hundred 
cubic centimeters of blood 

2 Calculate dosage according to body w eight 

3 Give largo initial dose, followed bj maintenance dose even four hours 

4 Tbo total daily doso is approximately 1 grain per pound (013 Gm per kilogram) of 
body weight 

5 Givo Vs grain (0 03 Gm ) of sodium bicarbonate with each grain (0 00 Gm ) of sulfanii 
amide orally 


* Day and night 

t Esualiy for two to six days reduce when improiemcnt occms 


Table 30 — Dosage of Sulfanilamide foi the Tieatmcnt of Modciatclv 

Seveic Infections 


Oralh.Everi Total, Twenty 

Weight Tour Hours* Tour Hours! 

• * >. 


Pounds 

Kilograms 

Grains 

Grams 

Grains 

Grams 

25 

11 3 

5 

03 

20 

19 

50 

22 7 

10 

0 63 

GO 

39 

75 to 100 

34 0 to 45 4 

10 

0 63 

GO 

39 

125 

5G7 

15 

10 

90 

58 

150 

680 

15 

10 

90 

5 S 


1 Thcso doses are usually required for establishing a level of 3 to 10 mg per hundred 
cubic centimeters of blood 

2 Calculate total amount required per day, divide Into six parts and ghe doso cierv 
four hours 

3 The total daily doso is approximately V~ grain per pound (0 0GG Gm per kilogram) 
of body weight 

4 Give Vs grain (0 03 Gm ) of sodium bicarbonate witli each grain (0CG Gm ) of 
sulfanilamide orally 


* Day and night 

f Lsually for two to four days, reduce when Improvement occms 


Table 31 — Dosage of Sulfanilamide foi the Tieatmcnt of l\hld Infections 


Orally, Every Tour Total, Twenty 

Weight to Six Hours* Tour Hours 

' * K __ 


Pounds 

Kilograms 

Grains 

Grams 

Grains 

Grams 

25 

113 

2Vs 

01G 

15 

10 

50 

22 7 

5 

03 

15 

1 0 

75 to 100 

34 0 to 45 4 

3 

03 

.30 

1 9 

123 

55 7 

10 

0G5 

30 

1 9 

150 

68 0 

10 

0G5 

45 

29 


1 Calculate total amount required per day, gne dose eyery four hours for scieral days 
and then every six hours 

2 Give % grain (0 03 Gm ) of sodium bicarbonate with each gram (0 0G Gm ) of sulfanii 
amide orally 


* Preferably day and night 
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9 For mild infections determinations of the concentration m the 
blood aie not ordinarily lequired (table 31) 

10 For setete infections and in the treatment of patients who can- 
not swallow or if vomiting mtei feres with oral administration, parenteral 
administration of sulfanilamide or neopiontosil is required (table 32) 

11 It is frequently advisable to gne the drug oralfy and parenter- 
ally, especially in the tieatment of seieie infections (table 33) 


Table 32 — Dosage of Sulfanilamide and Ncopi ontosil foi Paicnteial 

Aduumsti anon 


1% Solution of Sulfanilamide 3 % Solution of Meoprontosil 




Total in 

Equivalent 


Total in 

Equivalent 


Per 

24 Hrs 

per 1t0 Lbs in 

Per 

24 Hrs 

perlcOLbs in 

Infection 

Lb* 

per Lb 

24 Hrs 

Lb* 

per Lb 

24 Hrs 

Very severe 

1 cc 

4 cc 

600 cc (6 Gm ) 

0 2 CC 

OS cc 

120 cc (6 Gm ) 

Moderately se\ ere 

0 6 cc 

2 5 cc 

400 cc (4 Gm ) 

01 cc 

0 5 cc 

SO cc (4 Gm ) 


1 Tins method of administration is to be used m case of vomiting or inability to swallow 
(comatose state) 

2 A 1 per cent solution of sulfanilamide mav be used (subcutaneously or intravenously) 
or a 5 per cent solution of neoprontosil (subcutaneously or mtramuscularlj) 


* Every six hours 


Table 33 — Dosage of Sulfanilamide and Neopiontosil foi Combined Oial 

and Paienteial Admuusti ation 





Parenteral Dose per 20 Lbs 



Oral Dose 

Every 12 Hrs 


Total Dose 

per 20 Lbs 

A 

r \ 


per 20 Lbs m 

Everj 

l per Cent 5 per Cent 

Infection 

24 Hrs 

4 Hrs 

Sulfanilamide Keoprontosil 

Very severe 

1 2 Gm (20 gr ) 

01 Gm 

20 cc or-^ Gcc 

Moderately severe 

0 S Gm (12 gr ) 

01 Gm 

10 cc or -> 2 cc 


1 This method is always ad\ isable for the first two to six days in severe infections 

2 It may be continued until convalescence is established if full dose cannot be given orally 

3 Give oral doses every four hours and parenteral doses every twelve hours 


12 Intraspmal injections of 0 8 to 1 per cent solutions of sulfanil- 
amide are sometimes advisable at the beginning of the treatment of 
patients with pneumococcic, stieptococcic, influenzal and severe menin- 
gococcic meningitis, in order to secure an effective concentration m the 
cerebrospinal fluid as soon as possible The amount or volume is the 
same as that of immune serums 

13 When improvement occuis the total daily dose is reduced or 
the intervals of admmisti ation lengthened, but treatment should be 
continued if possible until convalescence is well established and cultures 
are negative, to prevent recrudescence of infection 

14 It is highly probable, hovevei, that organisms may acquire a 
tolerance for am of the sulfonamide compounds and whenever resump- 
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tion of tieatment is requited it appears piefeiable to choose anothei ol 
those available 

15 Appaiently sulfanilamide and allied compounds lendei hactena 
more susceptible to immune bodies, and therefore it appears that serum 
theiapy should be used at the same time, especial!) in the tieatment of 
patients with seveie pneumonia or pneumococcic, menmgococcic or 
influenzal meningitis Blood transfusions and active immunization with 
vaccines are also helpful m some infections In other woids, it appears 
advisable not to forego anything of value m suigical diamage, serum 
and vaccine theiapy and tiansfusion in the treatment of severe infec- 
tions but to use chemothei apy with these compounds as impoitant 
adjuvants to tieatment 

Table 34 — Dosage of Sulfapyndme foi the Tieatment of Pneumonia 


Patients Dosage 

Children Orally 1 to 1% gr per pound (0 13 to 0 2 Gm per kilogram) of bodj weight each 
twenty four hours, dnided into si\ dose: 

rdult: Initial do«i orally 2 Gm (31 gr ), then 1 Gm (15 gr ) e\ er$ four hours for a 

total of So Gm * * 

Intraaenouslj t i Gm of sodium sulfapjridinc dissolved in 25 cc of saline soln 
tion eterj four to si\ hours 

Intramuscularly f 1 Gm of sodium sulfaparidine dissohed in 3 ec of water e\crv 
four to sh hours 


* E\cept when treatment is started on or after fifth daj (total 15 Gm ) 
t For children less according to age and weight rspeciallj ndUsnble in the treatment 
of patients with pneumococcic meningitis 

16 The incompatibilities with othei drugs are not well undei stood 
at the present time When sulfanilamide, neoprontosil, sulfapyndme 
and sulfanilyldimethylsulfamlamide are given orally it is generally 
advised to avoid the admmisti ation of other drugs, but I believe the 
importance of this has been greatly ovei rated Patients should avoid 
exposure to sunlight or to ultraviolet rays from a lamp while receiving 
sulfanilamide therapy, because photosensitization appears to predispose 
to dermatitis 

17 In infections of the urinary tract it is desirable to restnct fluids 
until the specific giavity of the urme is 1 020 or higher and to give an 
alkaline diet and alkalis to maintain an alkaline reaction m the urine 

18 Suggested doses of sulfapyndme m the tieatment of pneumonia 
are given in table 34 The dose of sodium sulfapyndme by mtiavenous 
injection is about 1 Gm dissolved in 25 cc of saline solution every four 
to six houis by slow injection Accidental penvasculai injections pro- 
duce severe reactions 
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19 The doses of sulfanilamide m the tieatment of gononheal 
infections are shown in table 35 The dose of sulfanilyldimethylsulfanil- 
amide for adults is 3 Gm daily foi four consecutive days, oi 4 Gm 
daily for three consecutive days in divided doses The total dose foi 
one course of tieatment should not exceed 12 Gm After each couise 
o' tieatment theie should be an mtei val of seven days during which 
no sulfonamide medication is given A maximum of thiee couises of 
treatment with sulfamlyldimethylsulfanilamide oially or its sodium salt 
mtiavenously should not be exceeded 

20 Watch caiefully foi evidences of toxicity The patient should 
not be allowed to duve a car oi to pui sue any occupation m which 
tempoiary mental confusion or lapse in judgment would be dangeious 
The skin should be watched daily foi i ashes, and the tempeiatuie 

Table 35 — Dosage of Sulfanilamide foi the Tieatment of Gonococcic Infections 



Ambulatory 
Patients 
Orally, Every 
Six Hours* 


Hospitalized Patients 

A 


Days 

t ' 

Orally, Every 
Six Hours* 

Neoprontosil, 

10 Cc Dose 

Orally, Every 
Pour Hours 

First two 

1 3Gm 
(20 gr ) 

0 65 Gm 
(10 gr ) 

Every six 
hours 

1 2 Gm 
(16 gr) 

Next five 

1 0 Gm 
(15 gr ) 

0 65 Gm 
(10 gr ) 

Every eight 
hours 

1 0 Gm 
(15 gr ) 

Next ten 

0 G5 Gm 
(10 gr ) 

0 65 Gm 
(10 gr ) 

Every twelve 
hours 

Reduced dosage 

Next fourteen 

0 32 Gm 
(5 gr ) 

0 32 Gm 
(5 gr) 

Once daih 



1 There is no unanimity of opinion as to the value of this method 

2 The results are better If the patient is hospitalized 

3 A longer period of treatment is required in females than in males 


* Preferably day and night 


should be recoided foi evidences of drug fevei A decision as to 
whetliei the compound should be discontinued must depend on the 
severity of the infection and the degree of leaction The hemoglobin, 
eiythiocyte and leukoc)te estimations should be checked at frequent 
intervals for hemolytic anemia and neutiopema Tieatment should 
be stopped if marked i eductions occur which aie not explainable by 
other factors 

TOXICITY 

Sulfonamide compounds veie used in human beings before much 
was known of then toxicity, phai macologic or pathologic effects m 
animals And while it is too well known to ment comment that chem- 
ical compounds may produce toxic effects m human beings which cannot 
be detected in animal tests, the value of such tests is well known in 
i elation to chemotherapy 

As shown m table 36, the minimal lethal dose of sulfanilamide for 
mice by oral admimsti ation is around 4 Gm per kilogiam The max- 



Maurmim Dose Tolerated, Minimum Lethal Dose, 

per Kilogram Body Weight per Kilogram Body Weight 
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mium toleiated dose is about half this amount The toxicity of sulf- 
apyudme is about the same, sulfamlyldimethylsulfamlamide is 
apparently less toxic The lat is thought to be moie susceptible than 
the mouse, and the labbit is definitely so, as the minimal lethal dose 
by oral administration is between 2 and 3 Gm per kilogram of body 
weight Dogs appear to be moie resistant, while guinea pigs appeal 
to be even moie susceptible than rabbits Little information is available 
on the toxic effects of lepeated doses, but it is apparent that neopiontosil, 
sulfanilamide, sulfapyridme and sulfamlyldimethylsulfanilamide aie 
remaikably low m toxicity for the lower animals 


Table 37 — Toxic Manifestation ? 


Manifestations 

Prequency 

Dizziness, depression, disorien 
tation 

Common 

Anorexia and nausea 

Common 

Vomiting*, acidosis 

2 to 5% 

Cyanosis 

Common 

Drug fever 

3 to 9 % 

Dermatitis 

1 to 3 % 

Mild hemolytic anemia 

Common 

Severe hemolytic anemia 

2 to 4% adults 

S to 10% children 

Transient neutropenia 

40 to 50% 

Agranulocytosis 

Uncommon 

Toxic hepatitis 

Rare 

Hematuria and uroliths* 

Infrequent 

Porphyrinuria 

Infrequent 

Peripheral neuritisf 

Uncommon 

Inhibition of spermatogenesis 

Doubtful 


Significance 

Requires caution in ambulatory patients 

Seldom requires stopping treatment 
Usually prevented by administration of alLa 
lis may require parenteral administration 
Of little clinical significance 
May be forerunner of hemolytic anemia or 
agranulocytosis, stop treatment 
Best to stop treatment temporarily if not 
urgently required 

Rot dangerous, -natch carefully, treatment 
may continue 

Dangerous, stop treatment or continue with 
transfusions 

Treatment may continue, but natch carefully 
Very dangerous, over 80% mortality rate 
stop treatment 
Stop treatment 

Stop or reduce treatment, cautious dosage 
in cases of nephritis 
Caution in dosage 
Stop treatment 
No significance 


* Particularly likely to occur after the use of sulfapyndine 
t Particularly likely to occur after the use of sulfamlyldimethylsulfanilamide 


Hawking has descnbed m cats which died from large doses certain 
degenerative changes m the spinal cord and brain, and similar changes 
have been reported m dogs along with acidosis fiom large doses 
(Marshall) Similai changes have not been observed m human beings, 
although the sulfonamides commonly produce cerebial toxic effects 
of minor degiee and likewise polyneuritis m some instances Contrary 
to all other obseiveis, Davis, Hams and Schmeisser leported pathologic 
changes in the livei, kidney, spleen and lung from the administration 
of the compounds to rats Hageman leported that sulfanilamide and 
soluble piontosil had no effect on the liver and kidneys of mice but 
pioduced hemosideiosis of the spleen and an increase of eosinophils 
m the bone manow Nelson has also lepoited histologic changes m 
vanous organs of labbits and hens pioduced by sulfanilamide and 
sulfanilylsulfanilamide m doses of 0 5 to 1 Gm of the former and 1 Gm 
of the latter pei kilogram of body -weight pei day 
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The toxic manifestations which may occui m human beings aie 
summaiizecl m table 37, along with then frequency, as based on vanous 
leports, and then piobable significance 

1 Mental Symptoms — It is rather common foi ambulatoiy patients 
to complain of dizziness, depiession, disorientation and deci eased men- 
tal acuity, especially when laige amounts of the diugs aie ingested 
Judgment maj' be impaiied, and foi this leason caution is lequned on 
the pait of those dnvmg automobiles or engaged in hazaidous occupa- 
tions, and alcohol should be foi bidden, as it tends to accentuate these 
ceiebial toxic manifestations 

2 Anoi e.na — Anoiexia is likewise a common complaint but lareh 
seveie enough to stop treatment 

3 Nausea and Vomiting — Nausea and vomiting ma) occui in a 
small percentage of patients, especially aftei the administiation of 
sulfapyridme This is commonly thought to be due to acidosis with 
loss of sodium potassium, and foi this leason it is geneially advised 
to admmistei sodium bicaibonate with each oral dose On the othei 
hand, nausea and vomiting may be due to distui bances of the vomiting 
centei, especially aftei mliavenous injections of sodium sulfapyndme 
Some physicians aie of the opinion that daily doses of 0 3 Gm of 
ascoibic acid in tablets may effectually alleviate oi pie\ent these 
i eactions 

4 Acidosis — An explanation of the acidosis and alkalinity of the 
mine has been offered by Marshall and Walzl, who have shown that 
70 to 80 per cent of sulfanilamide m the glomeiulai filtiatc is leabsoibed 
in the tubules, which may inter feie with the leabsorption of bicarbonate 
and base Haitman, Perley and Bainett, howevei, have demonstrated 
that although the alkali reserve falls and bicaibonate is excieted in the 
mine, the pn of the serum remains constant oi even uses, and the} 
have stated the belief that the fall m alkali leseive is an attempt to 
compensate for a gaseous alkalosis due to hypeipnea In othei woids 
if tins is true, the hyperpnea is pi unary, possibly thiough cential effect 
on the Heimg-Breuer reflex, with a compensatoiy fall m alkali lesene 

5 Cyanosis — Some degiee of ejanosis is commonly obsened 
which may become so pronounced as to alai m both patient and family , 
so it is always wise for the physician to explain the possibility of its 
occunence and harmlessness, as it is othei wise of little clinical sig- 
nificance It is commonly thought to be due to sulfhemoglobinemia, 
which Archer and Discombe explained was due to catalj-sis by sulf- 
anilamide of the reaction between hydrogen sulfide and hemoglobin , 
measures for preventing it are directed to preventing the absorption 
of hydrogen sulfide from the intestines and include a low residue diet 
without eggs and the avoidance of all purgatives (especially magnesium 
sulfate) except liquid petrolatum 
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Others have thought that the cyanosis was due to methemoglobinemia 
(Paton and Eaton), and the mtiavenous injection of 0 3 to 0 5 Gm of 
methylthiomne chloride (methylene blue) or the oral administration of 
1 Gm every four houis was originally advised by Hauschild and has 
since been favorably leported on by Wendel, by Haitman, Perley and 
Buinett and by Campbell and Morgan, on the basis of com ei ting 
methemoglobm into hemoglobin According to Campbell and Morgan, 
howevei, it has no effect on the cyanosis due to sulfapyridme Marshall 
and Walzl have offeied evidence to show that cyanosis may sometimes 
be due to a cause other than the formation of either methemoglobm oi 
sul f hemoglobin Ottenbeig and Fox have suggested that it is due to 
the presence of colored derivatives of sulfanilamide produced in the 
body Mull and Smith suggested decreased oxygen saturation of the 
blood as its cause and advocated the administration of oxygen and 
measures foi increasing the capacity of the blood for absorbing oxygen 
foi its relief, but King and Leslie stated that obseivations on 8 patients 
tended to indicate that diminished oxygen saturation (increased unsat- 
uiation) of the arterial blood did not play any significant role in the 
cyanosis from sulfanilamide It is evident, therefore, that its cause is 
still uncertain , but clinically it can be usually disregai ded, and it disap- 
pears when administration of the diug is stopped and sometimes even 
when it is not 

6 Fevei — Fever, which may be high, occasionally occurs, and 
usually the use in temperature is noted seven to ten days after the 
beginning of treatment and hence may be mistaken* for a recrudescence 
of the original infection, although in most instances there is no difficulty 
m reaching a decision, since the fever of infection is likely to have 
been normal or almost so for a few days before the sharp rise of drug 
fever sets in In many respects the condition lesembles serum sickness 
and for this reason has been considered due to allergy, but a more likely 
explanation is that it is a reaction to the products of lysed bacteria 
Hageman and Blake noted its occurrence in 21 of 134 patients, and 
9 of these also had a maculopapular erythema of wide distribution, but 
no evidence could be obtained of sensitization to sulfanilamide Since 
drug fever, however, is frequently a warning of impending dermatitis, 
hemolytic anemia oi neutropenia, treatment should be stopped when an 
unexplained fever develops The question of safely resuming treat- 
ment, however, sometimes arises, and Long, Bliss and Feinstone advised 
under these conditions admmisti ation of 5 grams (0 32 Gm ) , if a 
sharp febrile i espouse is noted within twelve hours it is unwise to con- 
tinue giving the drug 

7 Rashes — Various rashes may occur, frequently preceded by 
diug fevei and malaise The eruption is usually maculopapular or 
moibillifoim and brownish red, but sometimes it is purpuric Usually 
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almost the entue body is affected, but in some instances the lash is 
limited to the buttocks or legs 01 is confined to the palms of the hands 
or soles of the feet, while the mucous membranes lemain unaffected 
There is usually no itching or discomfort With discontinuance of 
treatment the eiuption fades lapidly, and it may disappear anyhow in 
a few days even when treatment with sulfanilamide is continued In 
ambulatory patients it is likely to occur on the exposed parts of the 
body and may be the lesult of photosensitization due to poi phynnui ia,° 
which the drug is known to cause The far moie serious exfoliative 
dermatitis has occuned but is fortunately raie Tedder, who has 
recently reviewed the hteiature and reported seveial cases, divided the 
patients with deimatitis into those whose condition was precipitated 
by exposuie to sunlight, those definitely sensitive and with low tolerance 
and those with low tolerance and in whom dermatitis was due to satura- 
tion with sulfanilamide but without evidences of alleigic sensitization 

8 Anemia — Hemolytic anemia associated with the administration 
of sulfanilamide was first described by Harvey and Janeway, whose 
publications weie closely followed by case leports by Kohn and Willis 
Since then a slowly developing mild anemia with slight reduction m 
erythrocytes and hemoglobin (10 to 20 per cent) has been commonlj 
observed, especially when treatment is prolonged for ten da}s or longei 
The condition is not accompanied by bilirubmemia, although urobilin 
is almost constantly present m the urine, and the leticulocytes may be 
slightly increased, as shown by Campbell, although the increase is not 
necessarily associated with anemia or leukopenia Oidinanly it does 
not require a discontinuance of treatment, but whenevei possible the 
hemoglobin should be estimated and the erythroc\ tes counted at daily 
intervals during the fiist week of heavy sulfanilamide treatment and 
once or twice a week theieafter, along with frequent examinations of 
the urine for urobilin as long as medication is continued 

Acute hemolytic anemia, however, has been leported by Wood in 
2 4 pei cent of a group of 378 adults and m 93 per cent of 144 childien 
It was characterized by lapid i eduction in erythiocytes and hemoglobin, 
moderate to marked leukocytosis, marked reticulocytosis, biln ubinenua 
with jaundice, urobihnuiia and, in certain instances, poi phyi muria, 
and was one of the most serious of the toxic manifestations of sulfanil- 
amide therapy 

Within twenty-foui to seventy-two houis aftei tieatment is instituted 
the hemolytic anemia usually begins, with nausea, dizziness and fevei, 
and appears to be the result of hypersensitiveness to the compound, 
without evidence that any one type of infection is a predisposing factoi 
When the condition is detected treatment should ordinal lly stop, 
although the anemia may continue to progress m some instances and 

6 Wien Rimington and Hemmings 
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may lecur if and when treatment is resumed To the best of m) knowl- 
edge no fatalities have been lepoited, as the condition readily yields to 
tieatment with blood tiansfusions and, indeed, if a patient is critically 
ill, administration of sulfanilamide may be continued along with tians- 
fusions to maintain a proper level of erythiocytes and hemoglobin As 
lepoited by Scott and Meeiapfel, the pi obliged administration of 
sulfanilamide and uleion (sulfanilykhmethylsulfamlamide) may be 
followed by an alteration m the type of the blood serum, which precludes 
the finding of a suitable donoi foi blood transfusion 

9 Leukopenia, Neuti opema and Agi anulocytosis — Mild tiansient 
leukopenia and neuti opema with monocytosis may occur in almost 
40 to 50 pei cent of patients on pi obliged treatment with sulfanilamide 7 
This complication usually occurs between the seventh and the twentieth 
day of treatment and is usually without relation to toxic symptoms but 
is significant when small doses are employed It does not oidmaiily 
lequire cessation of tieatment, although when observed it indicates the 
advisability of daily oi almost daily total and diffeiential leukocyte 
counts for the detection of the more profound changes of agianulocy- 
tosis, which is the most dangeious of all the toxic manifestations, since 
the lepoited death rate is ovei 80 per cent The cause of this profound 
depression of the bone maiiow is unknown but is legal ded as due to 
idiosyncrasy in the same way as with ammopynne To the best of my 
knowledge sulfapyiidme is not more dangerous than sulfanilamide 
and neoprontosil, and agi anulocytosis may occui with any of these 
compounds, especially m debilitated patients under pi obliged therapy, 
since m most lepoited cases 35 Gm or more had been taken m a penod 
of two weeks or longer Unfortunately, according to C J Young, 
examinations of the blood do not always forecast this sudden disastei, 
but fever oi any toxic symptoms lequire caution m dosage foi its 
pi evention 

Among the earliest lepoits was that of Jennings and Southwell- 
Sandei on 1 case, with the leview of 4 otheis Since then Johnston 
has leported 2 cases m which the agranulocytosis due to sulfanilamide 
and soluble piontosil was fatal and 1 case in which the condition due to 
sulfapyiidme was fatal, and has given a review of 8 cases leported by 
others in which the conditions were caused by the formei compounds 
Schwaitz, Gaivin and Ivoletsky reported 1 death due to sulfanilamide, 
Berg and Holtzman, 1 death due to sulfanilamide, Coxon and Foibes 
and also Nicol and Freedman, 1 death due to sulfapyridme, and Coir and 
Root, 1 death aftei sulfanilamide This does not cover all leported 
cases by any means, and theie wei e deaths m the majority Suther- 
land lepoited the lecoveiy of a patient m whom the condition 

7 Biglei, Clifton and Werner Button and Howkins 
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was caused by sulfapyiidme Dolgopol and Hobart have observed 2 
patients with granulocytopenia (1 of whom died) and 2 patients ivith 
leukopenia apparently due to this compound and found that the damage 
to the bone mariow consisted in depression of the matui ation of myeloid 
cells with occasional disturbance of erythropoiesis 

Apparently prolonged admmisti ation is far moie dangeious than 
the giving of large doses ovei a shoit period of time, and fever has 
been the most constant premonitory sign Of course, the administration 
of the compound should be promptly stopped and energetic treatment 
instituted, with repeated blood tiansfusions, pentnucleotide and liver 
extiact I have known, however, of 1 patient with agranulocytic angma 
with a severe hemolytic streptococcic infection to whom sulfanilamide 
was given m treatment and who made a piompt and satisfactory recov- 
eiy, m spite of the agranulocytosis and sulfanilamide therapy 

10 Miscellaneous Toxic Symptoms — As previously stated, jaundice 
may occui in the course of severe hemolytic anemia, but toxic hepatitis 
is distmctty rare Cases have been reported by Hageman and Blake 
and by Saphirstem, 2 cases by Banmck, Biown and Foster, m which 
the condition was fatal, and 5 cases by Garvin In a number of these 
there was also exfoliative dermatitis A case in which acute yellow 
atrophy of the liver following sulfanilamide medication was fatal has 
been reported by Chile 

Renal uritation is also distinctly rare, but Southworth and Cooke 
have recently reported 3 cases of hematuria associated with abdominal 
pain and nitrogen letention ascnbed to the administration of sulfa- 
pyndme Tsao and his colleagues have reported 5 cases of hematuria 
due to sulfapyndme in children, 1 of whom died, which the) think may 
be associated with the formation of uroliths, especially since Gross, 
Cooper and Lewis have produced urinary calculi m 2 7 of 39 lats by 
the administration of this compound 

Toxic optic neuritis due to sulfanilamide has been repoited by 
Bucy, 4 cases of peripheral neuritis ascribed to sulfamlylsulfapilamide 
compounds were reported by Wigton and Johnson, and 1 case of such 
a condition due to sulfanilamide was described by Ornsteen and Furst 
As previously stated, peripheral neuritis has been especially leported 
m connection with the administration of the sulfanilylsulfamlamide com- 
pounds, and while ^ the cause is unknown, most investigators have 
ascribed its occurrence to the toxic effects of lysed bactena Fisher 
and Gilmoui have repoited 2 cases in which encephalomyelitis followed 
the admmisti ation of sulfanilamide, with 1 death 

In conclusion, Jaubert and Motz have lepoited alleged impaiinient 
of spermatogenesis following the use of sulfanilamide in the tieatment 
of gonorihea in 30 per cent of patients, the condition was indicated 
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by low spermatozoa counts, verging on a state of azoospeinua Hark- 
ness, howevei , as well as Heckel and Hori has not been able to confii m 
these findings, although Vigoni observed temporal y lmpamnent of 
motility m a proportion of 43 patients, which disappeaied aftei an 
interval of a month m all but 1 Palazzoh and his colleagues failed to 
find any efiLect of sulfanilamide on spermatogenesis in rabbits, although 
Walker, Sigetti and Wiesner reported that the soluble piontosil ma) 
disorganize the germinal epithelium of mice without affecting the mtei- 
stitial function with the dosage employed 

In relation to the local applications of neopiontosil and sulfanil- 
amide, it is intei estmg to note that Zaytzeff-Jern and Meleny found 
that these compounds, as well as sulfapyndme, are not destructive for 
bacteriophage and may be used with it m the treatment of mixed 
infections 
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EFFECT OF SULFANILAMIDE ON FIBRINOLYTIC 
ACTIVITY OF HEMOLYTIC STREPTOCOCCI 


LAURENCE E HINES, MD 
ALLEN H HOOVER, MD 

AND 

EDWIN GRAFF, BS 

CHICAGO 

In 1933 Tillett and Gainei 1 demonsti ated in cultures of hemolytic 
stieptococci a fieely excieted exti acellular substance which had the 
piopeity of dissolving solid human fibim They also reported that the 
fibun fiom patients lecently lecoveied fiom hemolytic streptococcic 
infections often became completely resistant to the fibnnolytic action 
of hemolytic stieptococci As a result of eaily obseivations m this field 
it was believed that the leaction i\as a specific immunity 1 espouse, 
because patients v ho had recovered fiom nonsti eptococcic infections did 
not show this antifibi inolytic leaction This view is now known to be 
erroneous, because subsequent investigations by Wadlei , 2 Hai 1 is 3 and 
otheis have demonsti ated resistance to fibunolysis in a small peicentage 
of noimal persons and m a large peicentage of patients v> ith pneumonia 
or other infection 

In piehminary studies of noimal persons and of patients ruth various 
types of infection we were able to demonsti ate the fibnnohtic actiwty 
of many strains of hemolytic stieptococci Also an antifibi inolytic reac- 
tion occurred in seveial patients who had vanous types of set ere infec- 
tions The piesent study of the effect of sulfanilamide on fibunolysis 
was stimulated by the obseivations in 1 patient m whom hemolytic 
sti eptococcic pneumonia developed dui mg a period when he was leceiv- 
mg sulfanilamide At the beginning of the expenment the man had 
no evidence of infection, and his blood fibrin was dissolved m noimal 

From the Department of Medicine, Northwestern Umveisity Medical School, 
and St Joseph Hospital 

1 Tillett, W C , and Garner, R L The Fibrinolytic Activity of Hemolytic 
Streptococci, J Exper Med 58 485 (Oct) 1933 

2 Wadler, E Development of Antifibrinolytic Properties in Blood of Patients 
with Rheumatic Fever, J Clin Investigation 16 145, 1937 

3 Han is, CHS Hemolytic Streptococcic Fibunolysis, Brit J Exper 
Path 16 513, 1935 
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time by a stiam of hemolytic streptococcus Fort} -eight horns latei 
pneumonia developed suddenly, with chill, fevei, pulmonarx consolida- 
tion and blood-tmged sputum containing hemolytic streptococci On 
the first day of the infection the blood sulfanilamide le\el was onh 
3 5 mg pei bundled cubic centimeters, and the fibrinolysis time was not 
appieciably increased The dose of sulfanilamide was increased, and 
within forty-eight horns symptoms of infection had disappeared, the 
blood sulfanilamide had leached 6 2 mg pei hundred cubic centimeteis, 
and antifibnnolysins had developed These observations suggested that 
sulfanilamide might have some effect on the inhibition of fibnnolysis 
and prompted this study In vitio expenments by Huntington, 1 how- 
ever, have shown that fibrinolysis was not affected when sulfanilamide 
was added in a concentration equal to that found m the body fluids of 
patients treated adequately by the diug Foi this leason and because 
the fibrin of laboiatory animals is natuially lesistant to lysis by hemolytic 
sti eptococci, oui expenments were performed on patients without 
demonstiable infection 

METHOD 

Patients who were normal as far as temperature, leukocyte count and sedimenta- 
tion rate were concerned were selected as subjects Preliminary fibrinolysin experi- 
ments were made, and patients with a liquefaction time of more than four hours 
were rejected Many of the patients in whom mild toxic symptoms developed 
lefused to allow the experiment to be concluded In 9 expenments m which 
sulfanilamide was used in therapeutic doses the liquefaction time for each subject’s 
plasma fibun was determined by a modification of the method of Todd and Garner 
which was described by Hadfield, Magee and Perry 5 The same strain of hemolytic 
streptococci of the same incubation age was used to test both preliminary and 
subsequent fibrinolysin time on each patient Because the fibrinolytic actnity of 
some strains is known to dimmish with age, control tests of the organism against 
noimal plasma fibrin were earned out The source of the streptococci, all of beta 
hemolytic type, is shown in charts 1 to 9 Sulfanilamide determinations in the 
blood were made accoiding to Marshall's method 0 

RESULTS 

The essential details of the obsei\ations are shown in the charts 
An inci eased icsistance to fibunol}sis occuired m all patients who 

4 Huntington, R W Failure of Sulphanilamide to Prevent Hemolysis, 
Fibrinolysis and Production of Eijthrogemc Toxm by Hemolytic Streptococci in 
Vitio, Proc Soc Exper Biol & Med 38 328, 1938 

5 Hadfield G , "Magee, V , and Perry, C B Lvsis of Fibrin b\ Streptococci, 
Lancet 1 834, 1934 

6 Marshall, E K , Jr Determination of Sulphanilamide in Blood and Urine, 
Pioc Soc Exper Biol 5. Med 36 422, 1937 
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Fig 1 — G O, aged 24 (diagnosis old cerebral concussion), received 10 6 Gm 
of sulfanilamide in the fiist foity-eight hours The liquefaction time was twenty- 
four hours, went down to ten and one-half hours in the next two days with the 
blood sulfanilamide only slightly increased and returned to its normal level after 
administration of sulfanilamide was stopped The broken line represents the values 
of blood sulfanilamide, the unbroken line, liquefaction time 



Fig 2 — T H, aged 28 (diagnosis healed duodenal ulcer), had the highest 
concentration of blood sulfanilamide 9 2 mg per hundred cubic centimeters m 
forty-eight hours The broken line represents the values of blood sulfanilamide 
the unbroken line, liquefaction time 
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Fig 3 — F E, aged 50 (diagnosis tumor of colon), had a gastric hemorrhage 
on the third day, and administration of sulfanilamide was stopped The total 
amount of sulfanilamide administered was 10 6 Gm The broken line represents 
the values of blood sulfanilamide, the unbroken line, liquefaction time 
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Fig 4 — R E, aged 27 (diagnosis neurasthenia), had a sultanilamide concen- 
tration of 6 mg per hundred cubic centimeters of blood, -with a liquefaction time 
of twenty hours on the second day The broken line represents the laluec of blood 
sulfanilamide , the unbroken line, liquefaction time 
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Fig 5 — H E, aged 46 (diagnosis deviation of nasal septum), had a liquefac- 
tion time which paralleled the first increase of blood sulfanilamide and dropped 
slightly on the fifth day, with the blood sulfanilamide concentration rising to 9 mg 
per hundred cubic centimeters The broken line represents values of blood sulfanil- 
amide, the unbroken line, liquefaction time 
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Fig 6 — J O, aged 39 (fracture of the right hip), whose control specimen for 
liquefaction clotted spontaneously, had a liquefaction time of twenty hours after 
the administration of 13 3 Gm of sulfanilamide The broken line represents the 
values of blood sulfanilamide , the unbroken line, liquefaction time 




Fig 7 — S C, aged SO, was hospitalized for tieatment of hammer toe The 
liquefaction time (rising to twenty hours) paralleled the blood sulfanilamide con- 
centration On the fourth day a heart attack developed and the patient died 
suddenly The broken line represents the values of blood sulfanilamide, the 
unbroken line, liquefaction tune 
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Fig S — W I, aged 48, had hemiplegia and was taking 4 Gm of sulfanilamide 
daih Streptococcic pneumonia de\ eloped on the second da> Liquefaction time 
i\as slightly accelerated and subsequently was prolonged to twenty-four hours with 
reco\ cry The broken line represents the -values of blood sulfanilamide, the 
unbroken line, liquefaction time 
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lecened theiapeutic doses of sulfanilamide The highest blood sulfanil- 
amide level of the senes was 9 2 mg per bundled cubic centimeters, the 
lowest, 4 2 mg Even in patients with blood sulfanilamide at the lowei 
levels inhibition of fibnnolysis occuned Usually the increase oi 
decrease of liquefaction tune paiallelled the rise oi fall of the con- 
centiation of sulfanilamide in the blood The fibnnolysm time returned 
to its noimal level m fiom two to five days aftei admimstiation of the 
diug had been discontinued 



Fig 9 — C O, aged 70 (diagnosis old hemiplegia), had a sulfanilamide con- 
centration which reached 8 7 mg per hundred cubic centimeters of blood, paralleling 
the prolonged liquefaction time The broken line represents the values of blood 
sulfanilamide, the unbroken line, liquefaction time 


COMMENT 

The mechanism of the action of sulfanilamide as an effective theia- 
peutic agent against infections due to hemolytic streptococci and othei 
agents is not completely known Little or no bactericidal effect can be 
demonstiated m the test tube As Gay and Clark 7 stated, this fact 

7 Gay, F, and Clark, A On the Mode of Action of Sulphamlamide in 
Experimental Streptococcus Empyema, J Exper Med 66 535, 1937 
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at once ooints to a necessary adjuvant or determinative action on the 
part o f the fluids or cells o£ the host. They stated the belief that 
sulfanilamide produces a bacteriosrasis sufficiently marked to protect 
the accumulated leukocytes and to aliovr the natural defense macrophages 
to accumulate. Our obsem ations are compatible vnth this theory. Gay 
and Clark suggested further that the resistance of fibrin in the plasma to 
liquefaction by Hemolytic streptococci may play a part in such a bacterio- 
static reaction. A further speculation is that suifaniiamide prevents the 
spread of organisms from an infected focus to regional lymphatics or 
to tr.e blood stream by rendering the fibrin in tissue spaces around the 
infected focus insusceptible to the lytic action of hemolytic streptococci. 



BLOOD PRESSURES IN AORTIC COARCTATION 

STUDY or PULSE CONTOURS TAKEN BY 
THE DIRECT METHOD 
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AND 

W F HAAfILTON, PhD 

AUGUSTA, GA 

Reviews by Abbott 1 and Blackford 2 have shown that about 300 
cases of coarctation of the aorta have been leported In veiy few of these 
cases, howevei, was the diagnosis made during the life of the patient, and 
studies of the blood piessure were limited by the methods available 
for estimating it 3 This communication describes the results of direct 
optical registration of the blood pressures in various arteries in a case 
of aortic coarctation when the patient was at rest, during and after 
temporary occlusion of an artery, coughing and straining, and after 
administration of epinephrine and of amyl nitrite 

MATERIAL AND METHODS 

The subject of these studies, F H, was a Negro, aged 26, of good physical 
development but of a very low grade of mentahtj On admission to the hospital 
m 1932, his chief complaint was attacks of pain over the heart and in the left 
shoulder during the previous two years He also had shortness of breath, which 
did not hinder either work or sleep, and complained of headache, slight cough 
and palpitation after exercise 

The skin, central nervous svstem, abdomen, skeleton and muscular sjstem 
showed nothing abnormal on routine physical examination The electrocardiogram, 

This investigation was aided by a grant from the American Afedical Asso- 
ciation 

From the Department of JPhysiology and Pharmacology and the Department 
oh Afedicine, University of Georgia School of Afedicine 

1 Abbott, Af E Coarctation of the Aorta of the Adult Type II A 
Statistical Study and Historical Retrospect of Two Hundred Recorded Cases, with 
Autopsy, of Stenosis or Obliteration of the Descending Arch in Subjects Above the 
Age of Two Years, Am Heart J 3 392, 1928 

2 Blackford, L At Coarctation of the Aorta, Arch Int Afed 41 702 
(Afay) 1928 

3 Blumgart, H L , Lawrence, J S , and Ernstene, A C Dynamics of the 
Circulation in Coarctation (Stenosis of Isthmus) of the Aorta of the Adult Type 
Relation to Essential Hypertension, Arch Int Afed 47 806 (Afay) 1931 
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chemical analysis of the blood, blood count and urinalysis revealed no abnoi mahty 
The Wassermann and Kahn tests were negative 

Examination of the chest showed normal lungs There was a slight bulge 
of the precordium with a diffuse point of maximal impulse The apex beat was in 
the fifth interspace, 10 cm to the left of the midsternal line No thrills or shocks 
could be discovered on palpation The heart was enlarged both to the right and 
to the left, the right bolder lying about 4 cm to the right of the midsternal line 
in the third interspace, and the other border lying about 13 cm to the left m the 
filth interspace The mitral valve showed no abnormality except an accentuated 
first sound A loud, blowing systolic murmur was heard over the entire sternum 
both to the right and to the left m the aortic and pulmonary areas and transmitted 
downward along the right border of the sternum This murmur was also trans- 
mitted into the arteries of the neck and could be heard m the back just to the 
i ight of the seventh cervical vertebra The arteries seemed to be slightly thickened 
The foregoing obseivations were made in the course of hospital routine, as 
carried out by interns and passed by the resident, and gave an impression of 
congenital heart disease, hypertension and moderate arteriosclerosis 

However, when the patient was properly undressed and examined m a good 
light a number of points were noted which had been overlooked m the routine 
examination First, although there were marked activity of the great vessels of 
the neck, marked precordial heaving and forcible apex impulse, nevertheless there 
was no evidence of pulsation in the abdominal aorta on inspection, nor could any 
pulsation be detected m the femoral arteries These appearances were substantiated 
by palpation and auscultation, which revealed a very faint femoral pulse and 
absence of the sounds ordinarily elicited over the femoral arteries In addition 
to this, the left external mammary artery was dilated to the size of a chicken 
quill and was tortuous and visible throughout its length The same phenomenon 
was present to a lesser degree on the right side There were also numerous dilated 
arteries along the margin of the sternum and in the intercostal spaces, which 
were easily discernible From these observations the diagnosis of coarctation of 
the aorta was made A roentgenogram revealed erosions along the margin of the 
ribs such as were described by Abbott 1 and others 

The patient was readmitted in 1936, his condition was practically unchanged 
except that both the Wassermann and the Kahn reaction were now positive (4 plus) 
It was evident that the syndrome was that of coarctation of the aorta, that 
the aortic “ Wtndhesscl ” was divided into two segments, one above and one below 
the coarctation, and that the collateral circulation, while adequate to maintain the 
health of the lower parts of the body, was at the same time sluggish enough 
to make possible the separate study of the two reservoirs and their branches 
Methods — Direct simultaneous optical records of the blood pressures were 
made m branches of the upper and lower arterial systems by means of the 
hypodermic manometer 4 This gave an accurate direct measure of the systolic 

4 (a) Hamilton, W F , Brewer, G , and Brotman, I Pressure Pulse Con- 
tours in the Intact Animal I Analytical Description of a New High Frequency 
Hypodermic Manometer with Illustrative Curves of Simultaneous Arterial and 
Intracardiac Pressures, Am J Physiol 107 427, 1934 ( b ) Hamilton, W F , 
Woodbury, R A , and Harper, H T , Jr Physiologic Relationships Between 
Intrathoracic, Intraspinal and Arteual Piessures, J A M A 107 S53 (Sept 12) 
1936 
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and diastolic pressures of the same pulsation in both systems and of the trans- 
mission time and showed details of the pulse contour 

The arteries of the arm could be entered with a 22 gage needle by simple 
puncture through the skin, but pulsations of the femoral and dorsalis pedis arteries 
were so difficult to palpate that surgical exposure of these vessels was necessary 
Incision and puncture were done with the area under local anesthesia 

RESULTS AND DISCUSSION 

Piessuie Values — The brachial blood pressuie as measuied dnectly 
was 160 mm of meicury systolic and 100 diastolic With the auscultatoiy 
method the values were 164 systolic and 100 diastolic In the legs the 
clinical method gave less accuiate lesults (130 systolic and 100 diastolic 
against the dnect leading of 105 systolic and SO diastolic) 

These obseivations bear out the findings, discussed in detail m 
other papers from these laboratones, 5 that vanations in the size of the 
cuff, the size of the limbs, the compiessibility of tissue and the pulse 
contour influence the values obtained by the indiiect method In view 
of the maccuiac) of auscultatoiy measuiements, all i allies leported 
here are those obtained by the dnect method Results are presented 
in the form of accurate leconstructions of the blood piessme cunes 
Pressure lelationslups can be measuied to within dz 1 mm of meicuiy 
on any one cuive and within ±2 oi 3 mm on simultaneous cunes, 
and time relations, to within ± five milliseconds 

Compai ison of Pulse Coutow s ami Pi cssin cs m Diffci cut A i tci ics — 
It has been shown elsewheie 4b that as the pulse nave tia\els fiom the 
aorta out to the penpheiy the systolic pressuie inci eases The pulse 
wave augments and acceleiates as it sweeps out, but it lei els down to 
about the same diastolic i allies in all aitenes As maj be seen m 
figure 1, this mciease was noted in the pulse wares in the aim 
aitenes in both the patient with coaictation (I A) and the noimal con- 
trol (IB ) , the respective cuives do not differ essentially in contoui 
In the noimal subject this mciease in systolic piessure is gieatei in 
the aoita and the legs, but m the patient with coaictation the lesion pie- 
vented the s\\ eep of the pulse wave tlnough the aoita and the usual 
augmentation m systolic piessuie did not occui (compai e cunes II A B 
and C ) The pulse pressure is much smallei below the coaictation than 
above, because the various collateial channels offei resistance to blood 
flow and have different pulse tiansmission times Consequently, m pulses 

5 (a) Woodbur}', R A , Robinow, M, and Hamilton, W F Blood Pres- 
sure Studies on Infants, Am J Physiol 122 472, 1938 (b) Robinow, M , 

Hamilton, W F , Woodbury, R A , and Volpitto, P P Accuracy of Clinical 
Determinations of Blood Pressure in Children, with Values Under Normal and 
Abnormal Conditions, Am J Dis Child 58 102 (July) 1939 Hamilton and 
others 4b 
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taken below the coaictation the upstroke is delayed and slow, the peak is 
bioad, low and rounded and the contour during diastole is almost a 
smooth cuive Tlieie aie no landmaiks indicating the beginning of 
diastole The pulse recoids taken by the dnect method have contouis 
very similar to sphygmographic tiacmgs of the supeificial pulses of 
patients with coarctation of the aorta 0 

Noimally the diastolic pressuie and the mean piessuie aie about 
the same m the aims and m the legs In the patient with coaictation 
(fig 1, II A) the diastolic value was 6 mm lowei m the legs than m 
the aims The mean blood piessuie (measuied by plammetiic detei- 
mmations of the aieas of the lespective cuives) was 20 mm less m 
the legs 

The height of the mean piessuie head aiound the coaictation is of 
paiticular mtei est as an index of the lesistance of the collateial cn di- 
lation Anxiety and moderate excitement laised it fiom 20 mm of 
meicury (fig 1, II A) to 29 mm (fig 1, IIB) This suggests a vaso- 
motor control of the collateial vessels 

Effects of Occlusion — The pulse wave sweeping out thiough the 
aiteiy is changed in contour and height as it meets an obstruction 6 7 This 
is lllustiated by the cuives lecordmg the piessure in the brachial arteiy 
just cential to the temporal y occlusion pioduced by digital compiession 
Figure 1, III , shows the oiigmal cuives of biachial and femoial piessuie 
before and dui mg the occlusion The systolic pressuie mci eased 50 mm , 
and the diastolic pressuie and the mean piessuie went up 3 to 5 mm m 
the biaclnal aitery The femoial pressure lose less than 2 mm Occlu- 
sion of the biachial aiteiy thus pioduced little effective mciease m 
penpheral lesistance When the femoial aiteiy was occluded m the 
same manner, there was no change in contoui and only a slight use 
(10 mm ) m the general level of blood pressuie The use affected the 
biachial as well as the femoial piessure and was considered due to an 
effective mciease in penpheial resistance 

Effects of Coughing and Stiammq — Coughing elevated the blood 
pressuie m both the femoral and the biachial aitery (fig 1, IV) ib The 
source of this elevation of pressure is quite different from the souice 
of the ordinal y use m systolic pressuie — the heait Aftei a caidiac 
systole, the use in pressuie m the femoial artery is fifty to fifty-five 
milliseconds latei than m the biachial artery Howevei, the piessure 
went up m the femoial aiteiy duimg a cough as soon as, oi soonei 
than, m the biachial aiteiy This means that the use m aiterial piessuie 

6 (a) Hamilton, W F , and Abbott, M E Coarctation of Aorta of Adult 

Type, Am Heart J 3 381, 1928 ( b ) Blumgart and others 3 

7 Bazett, H C , and Laplace, L B Studies on the Indirect Measurement of 
Blood Pressure, Am J Physiol 103 48, 1933 Woodbury and others 
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Exhanation or Figure 1 

Fig 1 — The following abbreviations are used for the arteries axillary, Ax, 
brachial, Br, radial, R, femoral, F, dorsalis pedis, DPT indicates the time 
interval between appearance of pulse in different arteries, M, the mean blood 
pressure Msec indicates milliseconds , sec , seconds The tei m “pulse” refers to 
a calibrated record of arterial pressure changes during a cardiac cycle 

I A, reconstruction of curves of simultaneous pulses in axillarv and radial 
arteries of patient with coarctation Blood pressure in mm Hg, Ax = 163/100, 
M = 124 , R = 172/98, M = 122 T = 50 msec Time, 0 25 sec 

I B, same as I A, normal person Ax = 110/64, M = 87 , R = 118/63, M = 86 
T = 49 msec Time, 0 25 second 

II, reconstruction of curves of simultaneous pulses in the arm and leg 
Time, 025 sec A, patient with coarctation Br= 161/88, M=113, F = 105/82, 
M = 93 T = 55 msec B, same Br= 198/110, M=141, D P = 131/98, 
M = 112 T = 103 msec C, hypertensive patient Ax = 183/120, M = 1465, 
F = 200/118, M = 146 8 , D P = 236/1 13, M = 143 T from Ax to F = 30 msec , 
F to D P = 50 msec 

III, simultaneous pulses from the brachial and femoral arteries of patient 
with coarctation Photographs of original records Occlusion of the brachial 
artery by digital compression, just below the needle, was started during the 
diastole of the second beat Br= 160/91 before occlusion and 208/94 when 
occluded F= 101/88 before and 103/89 during occlusion of the brachial arterv 
Time, 1 second 

IV, effect of coughing on blood pressures m the brachial and femoral arteries 
of patient with coarctation A, weak cough B, prolonged cough The upper 
curves, in continuous lines are, reconstructions of recorded curves In 4, the 
broken lines show the contour of the normal pulse curve The lower groups of 
curves represent the excess above normal of the actual arterial pressures , i e , 
the contribution of the cough to the pressure 

V, effect of straining on the pulses m the brachial and femoral arteries of 
patient with coarctation A, strain commences at elevation of curve during diastole 
T = 50 msec B, just after commencement of strain, T = 45 msec C, 16 sec 
later during straining T = 80 msec D, just after strain ceases T = 80 msec 
E, 5 sec after D T = 45 msec 
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fiom coughing appealed both above and below the coai elation, without 
its piopagation thiough the toituous channels forming the collateial 
cnculation The use fiom coughing affects simultaneously the aorta 
and its blanches both above and below the coai elation 

When the cough was shoit and weak, occuirmg early in diastole 
(fig 1, IV A), the use in the femoial piessuie (34 mm ) was as laige 
as that in the biachial piessuie (32 mm ) These uses in piessuie weie 
quite diffeient from those of caidiac origin (fig 1, JIA,B), m which 
the rise (and hence the pulse piessuie) in the femoral aitei\ is fai less 
than that in the biachial aitery 

When the cough was stiongei, late in diastole and more piolonged 
(fig 1, IV B ) a dififeient picluie was seen At fiist (as in fig 1, IV A) 
the femoial piessuie mci eased by the same amount as the biachial, 
but it failed to continue to do so The excess piessure pioduced by the 
cough became much greatei in the blanches of the uppei reseivou than 
in the aitenes of the leg Howeiei, the femoral piessure lose iapidl) 
with the next systolic filling of the lowei artenal reseivou The eleva- 
tions of the blood piessuie in the femoial and biachial artenes as a 
lesult of the cough again became about equal and lemained equal as 
the cough ceased 

The aichitectuie of the diaphragm indicates that the piessuie in the 
abdomen on the louei pait of the aoila is just as gieat as oi greatei 
than the piessuie in the thoiax acting on the uppei part of the aoita 
Why, then, should coughing cause less use in blood pressme in the 
blanches of the lowei aoita than in those of the uppei aoila ? 

The only explanation that we ofifei is based on the supposition that 
the lowei leservoir, with its laige diamage, becomes depleted befoie the 
cough is oi ei, while the uppei leseivon, with its smallei diamage does 
not become depleted so lapidly The drainage fiom the uppei leseivon 
is restncted not only because of the smaller size of the aims as com- 
paied with the legs but also because the cough has raised the piessuie 
m the abdomen and the ci amal cavity 4b so as to equal that in the tlioi ax, 
thus pi eventing any increase m blood flow to these paits 

When systole occuis, the piessuie head aiound the coaictation is 
inci eased, the lowei leseivoir is leplemshed and the excess piessuie 
produced by coughing becomes appi oximately equal m the aitenes of 
the aim and leg 

As show m figure 1, V, sliammg caused the chaiactenstic foui phase 
aiterial piessuie changes 4b At first the pulse contouis weie not appie- 
ciably changed and the mci eases m systolic and diastolic piessuie m the 
femoial and biachial aitenes weie the same, 12 mm systolic and 13 mm 
diastolic, indicating that the effects of the stiain appeared simultaneously 
above and below the coaictation The increases weie not piopagated 
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thiough the toituous collateial channels but originated fiom an elevated 
intiathoracic and mtia-abdommal piessure 

In the second phase (fig 1, VC) the pulmonaiy leseivon became 
paitly depleted Cardiac filling was inadequate, and the pulsations weie 
somewhat of the empty type, with a loweied pulse pressuie Howevei, 
they weie not meie ripples on the aitenal tiee, as m the normal person 
This is due to the fact that the stiammg done by this patient was 
ineffective, elevating the systolic pressuie less than 15 mm , as com- 
pared with elevations of 35 to 57 mm lepoited for the noimal peison 4b 
Although the patient was well and musculai, he seemed unable to exeit 
himself effectively 

In the thud phase (fig 1, VD), when the patient ceased to strain, 
the piessuies fell to the level of the effective intrathoi acic and mtia- 
abdommal blood piessuies, which had ceased to augment the blood 
pressuie 

In the fouith phase (fig 1, VE), with the l eduction of the mtia- 
thoiacic abdominal piessure the heart became bettei filled The systolic 
and diastolic piessuies increased, the pulse piessuie widened and the 
diciotic notch was highei on the diastolic cuive, showing that the artenes 
weie bettei filled 

Plicnmacologic Studies — Figuie 2, I, shows the effects of the mtia- 
venous injection of epinephnne hydrochlonde (01 mg) on piessuie 
contouis lecoided simultaneously for the ladial and the doi sails pedis 
arteiy Figure 2, IA, shows the cuive taken just befoie the injection 
The next cuive shows the mciease in pressuie m both aitenes eighteen 
seconds aftei the injection, evidently the diug had stimulated the heait 
to gieatei activity but had not yet caused appreciable constnction of the 
channels aiouncl the coaictation 

Twenty-seven seconds aftei the injection (fig 2 ,IC) the radial 
piessuies mci eased still fuithei, but the piessuies below the coaictation 
actually became lowei The collateral channels had evidently constncted, 
and the late of descent of piessuie dui mg diastole was increased m 
both cuives At the same pressuies the tune lequued foi equal falls 
in pressuie had deci eased 15 per cent in the ladial aiteiy and 30 per 
cent m the dorsalis pedis artery This deciease and the veiy high peak 
of systolic piessuie m the ladial arteiy probably mean that the dis- 
tensibihty of the gieat vessels had become less thiough the action of 
the diug It could be mteipieted as indicating that the diamage of blood 
tin ough the ai terioles had become greater , but the fact that the cardiac 
output is diminished shoitly after injection of epinephrine 8 and the 
known action of the drug on aitenoles do not render this suggestion 

8 Hamilton, W F Some Mechanisms Involved m the Regulation of the 
Circulation, Am J Physiol 102 551, 1932 






Fig 2 — The abbreviations in this legend are explained in figure 1 I, effects 
of 0 1 mg epinephrine hydrochloride injected intravenously on simultaneous pulses 
in the radial and dorsalis pedis arteries of a patient with coarctation Time, 025 
sec A, before injection R = 203/111, M= 146 , D P = 133/98, M = 113 , T = 88 
msec B, 18 sec after injection R = 221/132, M= 165, D P = 147/114, M= 129, 
T = 75 msec C, 27 sec after injection R = 251/110, M = 151, D P =117/95, 
M=106, T = 80 msec D, 33 sec after injection R = 238/105, M = 143, D P 
= 106/88, M = 97, T = 85 msec E, 60 sec after injection R = 312/140, M = 
192, D P = 167/121, M=138, T = 82 msec F, 90 sec after injection R = 
287/144, M = 193 , D P = 148/109, M = 125 , T = 83 msec 

II, effects of epinephrine in patients with asthma These original curves show 
the brachial blood pressure, the respiratory rate and the time m 1 second inter- 
vals At the point marked “injection” 0 2 mg of epinephrine hydrochloride was 
injected intravenously Note the very high blood pressure and the profound 
arrhythmia The rate of recording was changed so that some of the cardiac cycles 
are spread out more than others 

III, effects of 1 pearl of amyl nitrite on the radial and dorsalis pedis pulses 
in patient with coarctation A, before effect of drugs R = 209/121, M = 155, 
D P = 143/110, M=124, T = 95 msec B, 40 sec after inhalation started 
R = 188/108, M = 133, D P = 133/105, M = 117, T = 85 msec C, 53 sec 
after inhalation started R = 217/128, M = 152 , D P = 152/120, M = 133, T= 78 
msec D, 90 sec after inhalation was discontinued R = 234/126, M — 163 , 
D P = 150/112, M = 129 , T = 89 msec 


760 



WOODBURY ET AL— AORTIC COARCTATION 


761 


likely In the doi salis pedis aitery the increased late of descent of 
piessuie during diastole is probably contributed to by the lessened dias- 
tolic inflow from the collateial circulation 

Sixty and ninety seconds after injection, the main changes seemed 
to be those due to the building up of the cardiac output, which is known 
to be a secondaiy effect of epmephune s The pressuies m both aitenes 
increased, and the gradient of pressuie across the coaictation became 
higher 

These effects of the injection of epinephrine bung out the limitations 
of the vascular systems of patients with coarctation of the aorta and 
explain why emotional upsets aie especially dangerous to them In 
such patients vascular accidents in the uppei aiterial reservou and tiee 
and rupture 01 decompensation of the heait are bound to be far moie 
fiequent 1 than in the noimal pel son 

A slightly laigei dose (0 2 mg) of epinephrine hydrochloi ide was 
given inti avenously to a 22 year old patient with asthma The brachial 
blood pressuie mci eased fiom 115 to 227 systolic and from 53 to 92 
diastolic, and profound airhythnua occurred (fig 2, II) This demoli- 
sh ates a fuither toxic effect of epinephrine, that of mci easing the 
nritabihty of the heart Moie emphasis should be placed on the fact 
that intravenous injections of a 1 1,000 solution of epmephune hydio- 
chlonde aie dangeious, even to patients with circulatory collapse 

Inhalation of amyl nitnte produced effects opposite to those of 
epmephune (fig 2, III) The effects appeared moie slowly because 
the diug (3 minims, 0 19 cc ) was inhaled ovei a penod of fifty-five 
seconds As the diug began to take effect, the radial peak became 
nariowei and lower, the diciotic pressure less and the diastolic slope 
flattei , the mean blood pressure decreased 22 mm , and the pulse rate 
increased Below the coaictation the use m systolic piessure was steepei 
and neaily as gieat as before the diug was given, the mean piessure 
was loweied only 7 mm The resistance of the collateral system had 
been much i educed by the drug As is evident, the mean pressure head 
was lowei, and the piessuies for both the ladial and the doisalic pedis 
aitery weie at similar heights during diastole The fact that the systolic 
piessuie m the dorsalis pedis artery exceeded that m the ladial arteiy 
is robbed of much of its appaienl meaning by the diffeience m tuning 
of the two cuives 

Fifty-thiee seconds aftei inhalation began (fig 2, III C) theie was 
evidence that the collateral system was widely open The pulse wave 
was transmitted more quickly across the coarctation The mean pressuie 
of the upper vessels was not yet back to noimal, but that in the lower 
vessels was well above normal and the mean gradient between the two 
was still low Ninety seconds after discontinuing the inhalation of the 
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drug, the patient was reacting against its vasomotor action by inci eased 
caidiac output 8 The pulse cuive foi the radial aiteiy gare eveiy 
indication of a veiy laige stioke volume The mean piessuie below 
the coaictation was still above normal, notwithstanding the fact that the 
giadient of the pressuie causing flow' aiound the coaictation was again 
above noimal 

It should be pointed out that the leaction to amyl nitnte cames a 
dangei that is paiticulaily maiked in this type of patient The com- 
pensatoiy mciease in caidiac output does not in most peisons cause 
the use m blood piessuie seen in this patient whose penpheial outflow 
w r as so badly lestncted 

The type of pulse w'hich occuis duiing the penod of low piessuie 
is that usually found in the noimal person undei such conditions This 
type of pulse contoui w r ould pioduce the classic supeificial pulse forms 0 
obseived aftei inhalation of amyl nitnte 

SUMAIARV 

Dnect optical blood piessuie tracings weie made simultaneoush fiom 
vanous aitenes of a patient wuth coaictation of the aoita Within 
aitenes above the coaictation the systolic piessuie w f as 160 mm of 
meicuiy and the diastolic 88 (mean 113), below the coaictation the 
piessuie was 105 systolic and 82 diastolic (mean 93) Pulse contoui s 
lecoided from artenes above the coaictation w r eie of normal appeal - 
ance, fiom aitenes below r the coaictation they were flat, smooth and 
somewhat delayed This is the opposite of the vauation in contoui 
that occurs noimally 

Simultaneous uses in piessuie pioduced m the lower and uppei 
artenes by coughing and stiaimng aie discussed m detail 

Aftei injection of epmephiine h}diochlonde the piessuie rose in the 
upper aitenes, and lose and then fell in the knvei aitenes Latei it 
lose in both systems The lecoids indicate that theie w r as an mciease 
in the lesistance of the collateral cuculation and penpheial artenoles 
and an mciease in the elasticity of the laigei ressels 

Inhalation of amyl nitrite pioduced changes which w r eie geneialh 
the level se of those pioduced by epinephnne 

Prof J H Sherman and Dr M B Hatcher, of the department of surgeij, 
helped to expose the artenes for puncture Dr B D Bosworth, formerh of the 
department of medicine, helped to take the records 

9 Sollmann, T A Manual of Pharmacology, ed 5, Philadelphia, W B 
Saunders Company, 1936, p 480 
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Dystiophia myotomca suffeis fiom an obscunty undeseived because, 
contiaiy to geneial impression, the disease is fanly common, fiequently 
unrecognized and of gieat geneial medical mteiest Of the 13 patients 
included in this lepoit, 8 weie discovered by the purposeful investiga- 
tion which we made of the families of our patients pieviously lecogmzed 
to have the disease Of the fust group of 5 patients presenting them- 
selves at the Coloiado Geneial Hospital foi tieatment, not one heietofoie 
had had his condition coirectly diagnosed All 13 patients came under 
oui obseivation between 1935 and 1938 Fleischei ’s 1 lepoit m 1918, 
pointing out the heieditaiy featuies of the disease, was based on a 
study of 38 patients seen m the ophthalmic clinic at Tubingen, Geimany 
Maas 2 m 1937, from the National Hospital for Neivous Diseases m 
London, published his investigation of 57 families, among which he 
found 127 unmistakable cases of the disease and 205 suspected cases 
Kennedy and Wolf 3a in 1937 lecoided their obseivations on the effects 
of tieatment with qumme m 18 cases of dystiophia myotomca In 
1938 Kolb, Harvey and Whitehill 3b added 8 cases to the lapidly mount- 
ing numbei of lecently lecoided cases It is evident that the disease 
is not laie and that the degeneiative changes aie so widespi ead that 
ophthalmologist, neurologist oi mteinist may be called on to diagnose 
and to treat the disease 

From the Departments of Medicine and Ophthalmology, University of Colorado 
School of Medicine and Hospitals 

1 Fleischer, B Ueber myotomsche Dystrophie nnt Katarakt Eine heiedi- 
taie, familiare Degeneration, Arch f Ophth 96 91, 1918 

2 Maas, O Observations on Dystiophia Myotomca, Brain 60 498, 1937 

3 (a) Kennedy, F, and Wolf, A Quinine m Myotonia and Prostigmine in 

Myasthenia A Clinical Evaluation, JAMA 110 198 (Jan 15) 1938 (5) 

Kolb, L C , Harvey, A M , and Whitehill, MR A Clinical Study of Myotonic 
Dystrophy and Myotonia Congenita with Special Reference to the Therapeutic 
Effect of Qumme, Bull Johns Hopkins Hosp 62 188, 1938 ( c ) Wolf, A 

Quinine An Effective Form of Treatment for Myotonia, Preliminary Repoit of 
Four Cases, Arch Neurol & Psychiat 36 382 (Aug ) 1936 
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Patients afflicted with myotonia congenita, or Thomsen’s disease, 
manifest a peculiar difficulty in lelaxing muscles which have been con- 
tacted This muscular difficulty is known as myotonia In Thomsen’s 
disease, most of the skeletal muscles show myotonia and are hyper- 
trophied Foi many years patients with myotonia and atrophy of 
ceitam muscles, instead of hypei trophy, v/ei e thought to have an atypical 
foim of myotonia congenita In 1909 Batten and Gibb 4 and Stemert 5 6 
independently noted that in these instances the myotonia was limited 
in distnbution and that the muscle atiophy showed a chaiacteristic 
pattern The myotonia, they pointed out, w ? as limited mainly to the 
hand grasp but did at times affect the muscles of mastication and the 
muscles of the Icnvei extienuties The musculai atrophy involved 
especially the facial muscles, the steinocleidomastoids, the muscles of 
the foieaim, the extensois of the legs and the dorsiflexors of the feet 
In 1912 Curschmann, 0 in emphasizing the impoitance of the extra- 
musculai dystrophic signs, cataiact, baldness, testiculai atroph) and 
vanous endocnne changes, called attention to the highly^ chaiacteristic 
symptom complex of dystioplna myotomca 

Essential details of the case histones of 13 patients with dystrophia 
myotomca follow 

REPORT Or CASES 

Case 1 — Myotonia, atiophy, calaiacts, baldness, piobablc testicular atiophy, 
basal metabolic late — 37 pei cent 

O M , a 43 year old man, first came to the clinic m December 1935, complaining 
ol poor vision His oldest sister, N M , is described in case 2 , another sister, J L , 
m case 3, a brother, C M, in case 4, and a nephew, H M, in case 5 (fig 1) His 
father was operated on for cataract at about 60 years of age , a sister of his father 
was operated on for cataiact at 65 yeais of age, a half-sister of his mother was 
thought to have had “locomotor ataxia,” because of a progressive inability to use 
her lower extremities from about the age of 30 years to her death at 64 j^ears 

The patient was born in Illinois in 1S95 He finished the eighth grade at the 
age of 16 years He has been a farmei and worked as a carpenter lie enlisted 
in the army m 1917 and was discharged in 1919 He had measles, mumps and 
whooping cough in childhood and pneumonia and pleurisy in 1930 He was 
mairied m 1924 and has no children 

The patient has worn glasses since 12 years of age At the age of 30 he 
was told that he had incipient cataracts A few years later his vision began to 
fail rapidly, and at 40 years of age he was almost blind Examination at that 
time revealed almost mature cataracts of both eyes Slit lamp examination 
showed an almost complete opacity of each lens, with highly refractile globular 
opacities, which cast bluish reflections In Januaiy 1936 a cataract was removed 

4 Batten, F E , and Gibb, H P Myotonia Atrophica, Brain 32 187, 1909 

5 Stemert, H Ueber das khmsche und anatomische Bild des Muskel- 
schwundes der Myotoniker, Deutsche Ztschr f Nervenh 37 38, 1909 

6 Curschmann, H Ueber famihare atrophische Myotome, Deutsche Ztscln 
t Nervenh 45 161, 1912 
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from the left eye, and m February 1936, fi om the right eye At piesent his 
vision with glasses is 20/20 For many years he has had some nutation of 
his eyelids and a slight dischaige from his eyes 

In 1922, at the age of 27, he noticed that he had a pool gup, and in 1928 he 
noticed that if he giasped an object he could not immediately release it The 
weakness of his hand giasp has gradually mci eased, the stiffness has not changed 
veiy much During the last four to five yeais, on beginning movement aftei rest 
the muscles of the lower extremities have felt stiff The stiffness m his hands 
and legs is worse m cold weather He says that when he woiks his hands seem 
to be strong, but after lesting several days they seem to lose stiength 

Foi the last twelve to fourteen years the patient has been ver}' intoleiant to cold, 
and his hands and feet get cold verj' easily Dui mg the same time he has lost 
both stiength and energy In October 1933 he was found to haie a basal metabolic 


HALF-SI3TBRC 



O Muscle sijmptoms 9 Muscle Sijmpfbwic e Cataract 

® M uscle s^rwpfoms suspected "O' &®rn dead or died ir> infancy 

(•) Cataract X Examined 

® Cataract suspected d dead 

Numbers indicate a<Je in tjears. 

Fig 1 — Family M (cases 1, 2, 3, 4 and 5) 

late of — 37 per cent Thyroid was administered, and the basal metabolic late 
mci eased to normal with a dose of 10 grains (0 65 Gm ) one day alternated 
with 5 giains (0 32 Gm ) the next day With this treatment the patient’s sluggish- 
ness and malaise were impioved When seen in Decembei 1935 the patient was 
still taking thyroid but did not think he was greatly benefited He felt that 
there had been no change in the stiffness of his hands During the last two 
yeais in which we have seen him he has not been taking thyroid, and he has 
noticed little if any difference in his condition 

Physical examination in January 1938 revealed a well nourished, latliei tall, 
fan ly well developed white man of 43 yeais of age, with an expressionless “hatchet 
tacies ” He talks lather slowly The gait is slightly but defimteh of the 
steppage type, with some “slapping” No blepharitis is evident at piesent The 
lens m each eye has been removed The thyroid is easily palpable and enlaiged 
about one and a half times The left lobe is somewhat laiger than the right 
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and is firmer than noimal, but not markedly so (The patient believes that his 
thyroid has been enlarging during the last year ) The lungs and abdomen are 
normal The testicles are somewhat smallei and softer than normal 

In the examination of the cardiovascular system, a roentgenogram revealed 
structuies of the heart and aorta to be of normal size and shape The heart 
sounds weie faint The blood pressure was 100 systolic and 68 diastolic, and the 
pulse late was 56 per minute The peripheral vessels showed little if any evidence 
of sclerosis An electrocardiogi am made on Feb 24, 1938 showed a low voltage 
of all P waves (the highest being less than 1 mm ), a PR interval of 0 24 second, 
low voltage of the QRS waves (the largest exclusions being 5 mm in lead II) 
and normal T waves (the voltage m lead II being 3 5 mm ) 

Examination of the neuromusculai system revealed that the patient has the 
typical myopathic facies, as a result of atrophy and weakness of the muscles of 
expression The temporal muscles are moderately atrophied, but the masseters 
appeal in good condition The sternocleidomastoid muscles are markedly atrophied 
The muscles of the forearm are moderatelv atrophied The hand grasp is weak, 
more so on the right, although the patient is right handed The extensor muscles 
of the forearm appear moie affected than the flexors Flexion of the thigh and 
leg is somewhat weakened Dorsi flexion of the feet is weak, but definite atrophv 
of the dorsiflexors is cpiestionable Active myotonia is present to a marked degree 
in the hand grasp and to a much less degiee in the movements of the toes and 
ankles The mechanical 7 mutability of the muscles is increased, and mechanical 
myotonia is evident in the muscles of the chin, the extensors of the wrist and 
fingers, the tongue, the deltoids and the muscles of the thenar and hypothenar 
eminences Electrical mvotoma is evident in the muscles of the thenar and hypo- 
thenar eminences The biceps, abdominal, patellar and achilles tencion reflexes 
are present The Babmski reflex and the Romberg sign are normal 

The Wassermann test and the Eagle flocculation test gave normal results 
Examinations of the urine gave normal results The blood counts showed no 
persisting abnormality A rocntgenogiam of the skull m Januaiy 1936 showed a 
normal sella tuicia and a pineal bodj, partially calcified, in normal position 
The basal metabolic late on Oct 15, 1933 was — 37 per cent and the value of 
cholesterol m the blood at the same time was 180 mg per hundred cubic centi- 
meters While the patient was taking thjroid, the basal metabolic rates varied 
fiom — 26 to +8 per cent In December 1935 three determinations were made 
of the calcium content of the blood, showing 110, 101 and 112 mg per hundred 
cubic centimeters, the associated phosphoius values were 3 S, 3 8 and 3 3 mg pei 
hundred cubic centimeters 

The results of roentgenologic examination of the gastrointestinal tract on 
Feb 18, 1938 were leported as follows Barium sulfate passed down the esophagus 
in a normal manner, the stomach appeared of normal size, shape and position, 
the pylorus seemed to function in a normal manner, definite roentgen evidence 
of an organic lesion in the duodenum was lacking, the appendix and the gall- 
bladdei were not clearly visualized, there was a slight ptosis of the transverse 
colon, there were spasticity and stasis in the colon, with lack of haustrations in 
the descending colon and the sigmoid flexures 

7 When the muscle was stimulated to contract by mechanical or electrical 
means, we have referred to the “mechanical irritability” or the “electrical irritability” 
of the muscle and have emploj'ed the terms “mechanical myotonia” and “electrical 
myotonia ” When the muscular contraction was voluntary, we have employed the 
term “active or voluntary myotonia ” 
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Case 2 — Myotonia, atiophy , cataiacis, basal metabolic iaie — 31 pci cent 

N M , a 59 year old white woman, a sister of O M (case 1) came to the clinic 
in July 1937 and gave as her chief complaint a difficulty in walking, which nad been 
present for about one and a half years and appealed to be due to loss of strength 
in the left lower extiemity When examined in January 1936 she did not complain 
of this difficulty in walking, although at the time a weakness of the left quadriceps 
was observed She is inclined to stumble and fall and has marked difficulty 
in going up steps During the last seven years she has at times had difficulty with 
stiffness m her fingeis When she tries to shovel coal, her hands cramp and 
she is unable to open them When hei hands are cold oi when she is nervous, 
this stiffness is worse The hand grasp has become pi ogressively weaker During 
the last fom to five yeais she has noticed that at times, when she yawns deeply, 
her jaw is stiff and she seems temporarily unable to close it She believes that 
it may be due to a slight foiward displacement of the jaw Although she nevei 
had veiy much energy and has always tired easily, this condition has become 
worse m the last six yeais 

Ever since the age of 22 years, the patient has had led eyelids and soie eyes 
At 27 years of age she was fitted with glasses When she was 46 yeais of age, 
ring opacities were found m each lens and small specks of opacity thioughout 
the lens Hei vision with glasses was 20/40 in the light eye and 20/25 in the left 
eye Vision has gradually failed but is not as yet veiy poor 

Foi the last twenty years oi moie, the patient has had “stomach trouble,” con- 
sisting mainly of distention and flatus The distention begins shortly aftei eating 
and lasts a few hours 

She was boin in 1879 in Illinois and went through the fourth giade in school 
She had whooping cough and mumps in childhood, measles at 22 years of age 
and smallpox at 28 yeais She had pneumonia in 1917 and again seveial years 

later Her menstrual periods began at the age of 12 yeais and were markedly 

lriegular, usually late, at two, three oi four month intervals The flow was 
scanty The menopause occurred at 42 years She mairied at 26 years and has 
never been piegnant 

A physical examination of the patient in September 1937 revealed a fairly tall, 
well proportioned and well nourished white woman of 59 years, who appeared to 
react somewhat more slowly than normally She is not very intelligent but very 
cooperative The voice is normal The abnormal gait appears to be due to some 
foot drop associated with a difficulty in lifting the left leg The skin is some- 
what dry, and the hair is coarse and dry Her hands and feet are cyanotic and 

cold The left lobe and the isthmus of the thyroid are slightly enlarged, probably 
because of the presence of a nodule m that region The lungs and the abdomen 
are normal 

A chronic blepharitis was obseived to be present in each eye The cornea, 
the anterior chamber and the iris of each eye are normal Slit lamp examination 
showed incipient cataracts, particularly subcapsular and cortical, with typical 
punctate opacities, some of which had become confluent, under the anterior and 
posterior capsules Bluish refractile bodies, occasionally appearing yellow or green, 
are present m both lenses The remainder of the media and the fundi show no 
particular abnormality The vision is 20/50 m each eye, improved to 20/25 with 
proper glasses 

In a roentgenogram (September 1937) the heart and the aorta appeared to be 
of normal size and shape The blood pressure was 138 systolic and 90 diastolic The 
heart sounds wei e slightly muffled at the apex Both the first and the second sound 
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seemed prolonged The pulmonic second sound was greater than the aortic The 
electrocardiogram (September 1937) showed a PR interval of 0 20 second and a 
left axis deviation, the T waves were normal 

The muscles of expression and the temporal and masseter muscles were some- 
what weakened and atrophic The sternocleidomastoid muscles were markedly 
atrophic The triceps and the extensors of the wrist and fingers were weak, but 
definite atrophy w r as lacking The flexors of the thigh were possibly weakened, 
and the extensors of the thigh and the fiexois of the Jeg w'cre definitely weak- 
ened Dorsiflexion of both feet was w r cak, and, especially on the left, the 
dorsiflexor muscles were somewhat atrophied Mechanical irritability was of 
noimal degree Mechanical mvotonia was obsei\cd in the extensors of the hands 
and fingers, the thenar and hypothenar eminences and the tongue Electrical 
myotonia was obtained with stiong currents in the thenar and hypothenar eminences 
The biceps, triceps and patellar leflexes were present The aclnlles tendon 
reflexes were not obtained The Chvostek and the Trousseau sign w r ere absent 

The results of the Wassermann and the Eagle flocculation test were negative 
The basal metabolic late in January 1936 was — 31 per cent In Tanuary 
1936 the calcium and the phosphorus content of the blood were respectneh 12 2 
and 3 6 mg pei hundred cubic centimeters, the cholesterol content was 14S mg 
In Septembei 1937 the calcium and the phosphorus content were 10 0 mg and 
4 6 mg per hundred cubic centimeteis, the cholesterol content was 180 mg, and the 
plasma chloride content (as sodium chloride) was 658 mg 

Roentgen examination of the gastrointestinal tract in Decembei 1938 showed 
slight transient cardiospasm , the stomach appeared to be of normal shape, size and 
position , a slight inconstant defect w r as noted in the first portion of the duodenum , 
there w'as no unusual patency of the pylorus, there was a slight six hour gastio- 
duodenal residue, the appendix and the gallbladder were not -visualized, there was 
a slight ptosis in the transverse colon 

Case 3 — Myotonia, atiophy, cafaiacts 

J L, a 56 year old w'oman, a sister of O M (case 1) and N M (case 2), 
was examined in November 1937, in the course of investigations of relatnes of our 
original patients (fig 1) She complained of attacks of weakness, occurring at 
intervals of a few' w'eeks to se\eral years for o\ei thirty years During these attacks 
she feels faint and w r eak but she has never lost consciousness and iccovers wdien 
she lies dowm for a short time She has been tiring easily in the last ten years 
During the last eight to ten years she has had difficulty in relaxing her hand 
grasp, especially on exerting a stronger effort, such as pulling weeds This 
difficulty is of about the same severity as wdien it w'as first noticed The strength 
of the hand grasp the patient believes unchanged During the last few' months 
she has had a soreness in the left thigh, and it has been difficult for her to walk 
up steps because of an inability to bring the weight up on the left leg The 
legs have not been stiff The hands became cold easily, but there is no special 
sensitivity to cold 

The patient has worn glasses since the age of 16 years When she w r as 52 
years old, incipient cataracts w r ere found She cannot see very w T ell at present 
Her eyes are red most of the time and in the morning have “matter” in them 

She had measles and whooping cough m childhood, malaria at 10 years of 
age, severe mumps at 18 and “walking typhoid” at 20 She w r as born in Flora, 
111 She did not finish high school Her menstrual periods started when she 
was 15 years of age and w'ere never regular The menopause occurred wdien 
she was 43 years of age She is married and has never been piegnant 
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Physical examination m Novembei 1937 revealed a rather tall, well proportioned 
and well nourished white woman of 56 years The skin is a pale wax 3 r color which 
gives her the appearance of being chronically ill She is alert, fairly intelligent and 
cooperative She walks and talks without noticeable difficulty The thyroid is 
not enlarged, although the right lobe seems more palpable and moie him than 
the left The lungs are normal on percussion and auscultation The heart is not 
enlarged on percussion, and the sounds aie normal in character The blood 
pressure is 122 systolic and 80 diastolic and the pulse about 80 Theie is no 
evidence of peripheral sclerosis 

The eyes were examined in May 1938 bj’- Dr Perty E Duncan, of Tayloiville, 
111 , who supplied the following report “The defect m the lens in each eye is 
slightly more pronounced than it was on my former examination, in Januaiy 1934 
The right lens shows a penpheial spoke at 6 o’clock, extending to a point midway 
between the central and the peripheral portion of the lens This clouding has 
the appearance of that usually found in an incipient cataract The anterioi poition 
of the capsule of the lens shows minute sclerotic areas, which are of sufficient 
density to account for the impairment of vision Examination of the left lens 
shows a peripheral area of clouding, located at 7 o’clock The density and 
width of this cataractous area are slightly more pronounced than those of the 
right lens The aieas of scleiosis on the anterior capsule were more numerous 
on the lower half of the anterior capsule ” 

The vision with glasses at that time was 20/32 — 1 in the right ej'e and 
20/40 — 1 in the left eye Reexamination of the eyes in November 1938 showed 
the condition very much as just described, except that the opacity of the left 
lens had increased until a vision of 20/800 was all that remained A chronic 
blepharitis was present 

In an examination of the neuromuscular system m November 1937 a slight iron- 
ing out of the facial features appeared to be present and was most noticeable around 
the mouth The muscles of the forearm and hand showed no wasting, but the hand 
grasp on the right was definitely less than on the left and was weaker than normal 
Flexion and extension of the right wrist were also weaker than those of the left 
Flexion and extension of the left thigh were weaker than on the right and 
probably weaker than normal Dorsiflexion of the feet was normal A definite 
difficulty and slowness in opening the fist after it had been closed tightly were 
evident, but the difficulty disappeared after the movement had been repeated four 
or five times Mechanical myotonia was present in the tongue, the extensois of 
the wrist, the thenar and hypothenar eminences and possibly the flexors of the 
wrist Electrical examination of the muscles was not made The biceps and 
patellar reflexes were present A Chvostek sign was not present 

Case 4 — Myotonia 

C M , a 53 year old white man, a brothei of O M (case 1), N M (case 2 ) 
and E L (case 3), was seen in the course of our investigations (fig 1) During 
the last few years this man has noticed that when he works with a hammer or 
saw his hand clamps around the tool and he often has to use the other hand to 
get it loose He says that his “leaders feel tight” The “cramps” vary m 
intensity and last from several seconds to a half-minute They are not associated 
with any pain and occur in both hands but are more noticeable in the right hand, 
because he uses that hand most They are worse in the cold He has no other 
complaints 

Physical examination in November 1937 revealed that the patient was a well 
developed and well nourished 53 3 ear old white mna, who appeared to be in good 
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health At the time of the examination active myotonia was not elicited No definite 
mechanical myotonia could be determined The general muscle strength was good, 
and there was no atrophv Sht lamp examination of the eyes revealed no signs of 
cataract The heait was normal in size on percussion The heart sounds were 
rather famt but othenvise appeared noimal Extra systoles were frequent The 
blood pressure was 130 systolic and 82 diastolic Electncal examination of the 
muscles was not made 

Case 5 — Cairn acts 

IT M, the 22 year old son of C M (case 4), has had trouble with his eyes 
for over ten years He has changed glasses icpeatedly, and cannot see w'ell at 
piesent He has been told that he has a marked myopia, and two years ago was 
told that he had “spots in Ins eyes ” There are no other complaints 

Examination in No\ ember 1937 revealed an aleit, intelligent, ambitious young 
man No \ oluntary mvotonia was evident, and the muscles appealed to be of normal 
bulk and stiength Mechanical mitability w’as definitely increased, and percussion 
of the thenar eminences produced muscle contractions persisting onlj two to three 
seconds and therefore of questionable significance The heart w r as noimal in size, 
and the sounds were noimal in character The blood pressuic was 108 sjstohc 
and 68 diastolic The testicles appeared normal 

The examination of the eyes, which was performed in No\ ember 1937 by Di 
E B Alvis, of St Louis, showed a miopia of about 4 diopters of each eve and many 
small bright white dots of \anablc size in each lens On the right side these were 
numerous and had a tendencj to collect at the bordei of the adult nucleus Others, 
hoiveiei, scatteied throughout the lens substance, appeared to be more numerous 
in the penpheiy than m the centei The left lens had fewei spots, and the} were 
distributed a regularly throughout the lens 

Case 6 — Myotonia, atiophy, cataiacts , baldness, tcsticulai atiophy , basal 
metabolic late — 19 pci cent 

J B , 60 icars old, a biothci of M W B (case 7) and the falhei of R B 
(case 8) and M J B (case 9) (fig 2), stated that lit was icry well until thirteen 
years ago, when, dui mg a game of tennis, he noticed a weakness of the right hand 
The patient has a peculiar mental attitude In spite of marked objective evidence 
of muscular weakness, he denies eier having been conscious of the weakness His 
first leaction is to deny everything and then to admit only the possibility of the 
piesence of any defect It is therefore probable that the weakness has been present 
for more than thirteen years The weakness of the right hand has gradually 
progressed, and atiophy of the muscles of the forearms has become evident About 
seven years ago he noticed the atroph} m his left forearm About two years ago 
some one asked him how 7 long his legs had been stiff This, the patient insists, is 
the first time he realized that anything was W'rong w'lth his legs Since that time 
his legs have become mcieasmgly stiff and weak The stiffness is worse after 
he has been sitting for some time and m cold weather It is diminished after 
walking He stubs his toes when he walks His articulation has been poor fot 
three to foui years 

For several years the patient has had a marked generalized weakness His hands 
get cold easily He has lost about 5 pounds (2 5 Kg ) in the last year, and now 7 
w'eighs about 100 pounds (45 Kg ) His best weight was 134 pounds (608 Kg ) at 
the age of 20 years 

He has been wearing glasses for more than fifteen years During the last five 
years, his eyes have been watering, and two years ago he was told that his tear 
ducts were “stopped up ” Vision now is not very good 
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He had measles and whooping cough m childhood, a febrile disease (“tvphoid- 
malaria”) at 19 j r ears and influenza at 41 and 44 } r eais of age He was born in 
Texas, one of twins The twin brother died at 8 months of age He went to 
high school but did not graduate He has done clerical work and sold insuiance 
He married in 1909 and has a son (R B, case 8) and a daughter (M J B, case 
9) Sexual desne and powei weie good in Ins youth and, according to the patient, 
are still piesent and unchanged 

On physical examination in September 1937 the patient appeared somewhat oldci 
than his stated age of 58 yeais He is of medium height and of rather slight build, 
cooperative and intelligent, but he presents the peculiar mental attitude pieviousl} 
described He talks in a nasal, monotonous, low-pitched voice, at times difficult to 
unaei stand He walks with a definite steppage gait, with the body flexed forward 
The skin over the face is tight, thin and shiny He is bald, and his teeth fme been 
extracted On examination the thyroid was not enlai ged , the lungs and abdomen 
w r ere noimal, and the testicles were definitely smallei and softei than noimal 



Examination of lus eyes showed a chronic conjunctivitis The coinea, anterior 
chamber and iris of each ej^e weie noimal The lens m each eye showed early sub- 
capsular and postenor starlike opacities Numerous small punctate opacities of 
vaiious sizes occuried throughout the entire lens but were more numerous undei 
the anterioi and posterior capsules With a slightly minus lens, the vision was 
normal 

The heart and the aoita were of noimal size and shape as observed m the 
l oentgenogram At the apex, the first sound was of moderate intensity and was 
followed by a lather rough, fairly loud, high-pitched systolic murmur The 
nrst sound was faint at the base The second sounds were of moderate intensity at 
the apex and base There was little evidence of peripheral sclerosis The blood 
pressuie was 104 systolic and 70 diastolic The electrocardiogram was normal 

On examination of the neuromuscular system, the temporal muscles were 
markedly atrophic, the masseters, less so The periorbital muscles, the muscles of 
the cheeks and the orbicularis oris were weak and atrophic, the typical myopathic 
facies being pioduced Only a few fibers of the sternocleidomastoids were left 
All the muscles of the shoulder gndle and of the trunk showed moderate atrophy 
The triceps, the biceps and the muscles of the forearms and hands on each side 
were maikedly atrophied Flexion and extension of the thigh were fairly good 
Flexion and extension of the legs were weak Dorsiflexion of the feet vas very 
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weak All the muscles of the lower extremities were somewhat atrophic Voluntary 
myotonia was piesent in the adductors of the thumbs All the muscles showed a 
somewhat increased mechanical irritability’- Mechanical myotonia was present m 
the chin muscles, the tongue, the deltoids, the extensors of the fingers and wrists, 
the thenar and hypothenar muscles, the glutei and the calf muscles Electncal 
testing revealed a my’otonic reaction, modified by the atrophy The patellar reflexes 
were present The achilles tendon reflex could not be obtained Clnostek’s and 
Trousseau’s signs were lacking 

The results of the Wassermann and the Eagle tests w’ere negative Examinations 
of mine and blood gave normal results The basal metabolic late m June 1937 w’as 
— 19 per cent On June 19, 1937 the calcium and the phosphorus (inorganic) 
content of the blood w r ere 9 8 and 4 8 mg per hundred cubic centimetei s, respectively , 
on June 30, 1937 they w’ere 9 1 and 63 mg, and on July 1, 1937, they were 9 4 and 
4 7 mg On June 19, 1937 the plasma chloride content of the plasma (as sodium 
chloride) w’as 632 mg, and the cholesteiol content of the blood w r as 167 mg 

Roentgenologic examination of the gastrointestinal tract made on Dec 1, 1937 
showed evidence of a marked cardiospasm, the stomach appeared ptotic, but the 
outline was normal, a small inconstant filling defect was present in the first 
portion of the duodenum, probably due to a py lone spasm , a trace of barium 
sulfate w T as seen in the stomach after six hours, the gallbladder and the appendix 
w'ere not seen, there w'ere marked ptosis and stasis in the colon 

Case 7 — Myotonia, atiophy, cafaiacts , baldness, possible tcsticulai atiopliy 

M W B , a 62 year old brother of J B , when examined in No\ ember 1937 said 
that about fourteen years bcfoie he had to gne up golf because he could not hold 
the club At about the same time he observed an atrophy of the muscles of the fore- 
arms, since that time both the atrophy and the weakness had gradually increased 
Four or five years ago he had noticed difficulty in relaxing his hand grasp, most 
evident on shaking hands For ten years or more, owung mainly to trouble with 
the right foot, he has had some difficulty in walking, m the last three years the 
left foot has become affected At the same time he has also noted a stiffness of 
the legs on starting to walk after he has been sitting awhile He cannot stand 
still without losing his balance and has to keep mowng aiound or has to hold on 
to something 

He is intolerant to cold, and his hands*iiave always been bluish and cold His 
distant vision is good, but if he goes without glasses his eyes tire and tear They 
have always had “matter” m them in the morning For se\era! years he has had 
nocturia and some difficulty m urination He had measles and whooping cough m 
childhood and mumps at 28 years of age, followed by orchitis on the left side Born 
in Missouri in 1875, he graduated from high school His w r ork had been clerical 
and executive He is married and has a daughter, aged 29 years, alive and w T ell 
One child died in infancy 

Physical examination in November 1937 revealed that the patient looks ven much 
like his brother, J B He has a similar build but he is much bettei nourished He 
is intelligent and cooperative and is probably telling the truth W'lien he says he 
“doesn’t get excited about anything ” He talks with a slight suggestion of nasal 
twang and w'alks with a marked steppage gait He is bald Examination of his 
lenses with a hand slit lamp revealed questionable opacities The lungs and abdomen 
were normal The left testicle was markedly atrophic The right testicle w r as much 
larger than the left but appeared smaller than normal 

The heart w’as not enlarged on percussion The sounds w’ere rather faint The 
pulmonic second sound was louder than the aortic The blood pressure was 120 
systolic and 78 diastolic, and the pulse rate, 92 



WARING ET AL— DYSTROPHIA MYOTONIC A 


773 


When the neuiomuscular system was examined it was observed that the patient 
had the typical myopathic facies The temporal muscles were somewhat atrophic 
The sternocleidomastoid muscles were markedly atrophic The infrascapular and 
supiascapular fossae were hollowed The deltoids were somewhat atrophied, the 
biceps and triceps on each side were more atiophied, and the flexois and extensors 
m the forearms were gi eatly atrophied The hypothenar eminences wei e practically 
gone, and the thenai eminences were atiophied Flexion and extension of the thigh 
and legs were good Dorsiflexion of the feet was veiy weak, and the dorsi flexor 
muscles were atrophied bilaterally Voluntary myotonia was piesent in the flexois 
of the fingers and the adductors of the thumbs Mechanical myotonia was obtained 
in the tongue, chin muscles and muscles of the thenar and hypothenar eminences 
and possibly m the calf muscles The patellar reflexes were not obtained The 
Chvostek sign was not present 

Case 8 — Myotonia, atiaphy, cataiacts, testiculai atiophy, basal metabolic late 
— 30 pei cent 

R B , 27 year old son of J B (case 6), was born in Kansas m 1910 and had 
measles, whooping cough and smallpox in childhood He has had two years of 
college work He has never married In 1927, at the age of 20 years, on throw- 
ing a ball on one occasion, the muscles of the right forearm remained in a painless 
cramp for several seconds In 1928 he noticed a weakness m his hands This 
weakness progressed rapidly for several years but has been about the same in the 
last few years The patient says that until the last two years he had not noticed 
any wasting of his forearms He has the same peculiar mental attitude as his 
father He denies and minimizes all disability It appears to be a total indifference 
to his body but is probably an attempt to conceal any deficiencies In the last 
two yeais he has had a marked stiffness of his hands This stiffness has probably 
been present much longer than two years, but in a milder form It varies from 
day to day and is worse in cold weather, in the morning and when he contracts the 
muscles strongly His legs become stiff when he stays in one position foi a time, 
but he believes that it is no more than normal In the last year or so he has tended 
to drag his feet, especially the left, and he is more likely to stumble In the two 
years since he has had his teeth extracted he has had some difficulty in pronouncing 
certain words 

The patient dislikes cold weather His hands and feet get cold easily and feel 
numb wheh they are cold During the last few yeais he has been fatigued easily 
Sweat secretion has been normal His mouth is rather dry His hau has been 
getting thinner 

He has worn glasses since 1930 when Ins vision became pool and he began 
having headaches At present he can see well with glasses Three years ago 
he got some poison weed in his eyes and since that time his eyes water and have 
“mattei” in them in the morning 

On physical examination in January 1938 the patient was obsened to be of 
medium height and lathei slight build He is cooperative and intelligent His voice 
is definitely but not markedly nasal, and his gait is slightly “slapping ” There is 
some ironing out of expression with a smooth, unwrmkled appearance of the skin 
The hair appears to be of normal distribution and abundance The teeth are out 
The thyroid is not enlarged but is possibly more firm than normal The lungs and 
abdomen are normal Both testicles are small, soft and definitely atrophic 

Examination of the eyes revealed a marked type of chronic conjunctivitis 
Until the pupil was dilated, no opacity was noted in the lens A slit lamp 
examination showed some small refractile punctate dots in the subcapsular area 
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near the equator of the lens in both eyes and several needle-like projections of 
opacity extending for a few milhmeteis from the equator toward the centei The 
vision in each eye was 20/20 with a lens correcting a modeiate amount of 
compound myopic astigmatism 

The heait and the aoita as shown in a loentgenogiam (January 1938) are of 
normal size and shape The heart sounds weie observed to be of normal character, 
and no murmurs were present Theie was no evidence of penpheral scleiosis The 
pulse was of good quality and of regulai ihythm The blood pressure was 100 
systolic and 80 diastolic The electiocaidiogram (January 1938) showed a PR 
interval of 0 20 second and a slight left axis deviation 

When the neuiomuscular system was examined, the muscles of expression were 
found to be weak, with a suggestion of myopathic facies Atrophy of the temporal 
muscles was fairly marked T he sternocleidomastoid muscles were markedly 
atrophied All the muscles of the shoulder gndle and upper extienuties were 
ati opined, but the atrophy was farther advanced in the muscles of the forearm 
and in the thenar and hypothenar eminences than in the upper pait of the arm 
and the shoulder Flexion and extension of the thigh and knee wcie good 
Dorsiflexion of the feet was weak Voluntary mjotoma was picsent to a marked 
degree in the hand grasps Mechanical myotonia was marked in the tongue, the 
chin muscles, the triceps, the biceps, the flexors and extensor muscles in the fore- 
aim, the thenai and hypothenai eminences, the thigh muscles, the calf muscles 
and the dorsiflcxois of the legs It was present in a less degree in most of the 
other muscles Electrical myotonia was obtained in all the muscles of the upper 
extremities, the only legion examined The triceps, patellar and achilles tendon 
reflexes were present Clnostek’s sign was piobably negative a twitch was 
obtained which appealed to be due to muscle notation ralhci than to nerve 
stimulation Trousseau’s sign was lacking 

Reactions to the Wassermann and the Eagle test wcie negative Examinations 
of the urine and blood gave negative results The basal metabolic rate in Januarv 
1938 was — 30 pci cent On Jan 5, 1938 the calcium content of the blood serum 
was 101 mg per hundred cubic centimeters, the phosphoius (inorganic) content 
of the serum was 4 6 mg , the cholesterol content of the blood was 143 mg , and 
the chloride content of the plasma (as sodium chloride) was 618 mg A loent- 
genogram of the sella tmcica taken on J an 5, 1938 showed it to be verv small 
but of smooth outline 

Roentgenologic examination of the gasliomtcstinal tract on Taiwan 5, 1938 
revealed a slight caidiospasm, the stomach was shghtlv ptolic theie was a small 
six hour gastric lesidue, the pylorus functioned normally, the gallbladdei and the 
appendix were not definitely visualized, maiked ptosis of the transverse colon was 
present, the colon was insufficiently filled with barium sulfate for definite diagnosis 

Case 9 — Myotomci, at) ophy, cataracts 

M J B , 20 year old daughter of J B (case 5) was examined in March 1938 in 
the course of the investigation of the family She had noticed a slight stiffness m 
het hands in the cold since the age of 13 or 14 years When she grasps an object 
such as a door knob in the cold she cannot let go readily She does not behev c that 
the seventy of the condition has increased in lecent yeais She has no stiffness of 
the feet or jaws and no difficulty in walking She says that she has noticed no 
weakness but that her fiance says that she "seems to play out easily, sleep a lot, and 
doesn’t seem as strong as she should ” Her hands and feet are usually cold 

She has always had a high-pitched voice She wore glasses from the ages of 
7 to 12 years and started wealing them again during the last j r ear 
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Her menstrual periods started at 15 years of age, have been legular at thntj- 
one day intervals, and usually occui with little or no pain Each period lasts foui 
days, and the flow is about normal 

She had measles and smallpox in childhood Iflei tonsils and adenoids were 
removed six years ago 

Physical examination in March 1938 showed the patient to be a somewhat under- 
nourished, slightly built woman of 20 years She is veiy active and coopeiative and 
responds rapidly, but she attempts to minimize and conceal any defects Her voice 
is irritatingly high pitched Her gait is normal Her jaws are narrow, with a lugh- 
aiched palate and a crowding of the teeth The thyroid is normal in size but 
possibly firmer than noimal 

Examination of the eyes aftei dilation with homatropine revealed some very 
fine, almost dustlike highly lefractile bodies throughout the penpheiy of the 
coitex of both lenses Under the slit lamp the opacities ranged from blue and 
gieen to red She had no other demonstrable oculai pathologic condition Het 
vision in each eye was 20/20 with a correction foi myopic astigmatism 

The heart and the aorta weie observed to be of normal size and shape, as 
shown by a roentgenogiatn (Maich 1938) The blood pressure was 106 systolic and 
70 diastolic The heait sounds were noimal A systolic murmui of moderate 
intensity was piesent It was loudest in the pulmonic area, faded somcw'hat in the 
third and fourth mtei spaces and increased again in intensity at the apex The 
electrocardiogiam (March 1938) showed a tendency to light axis deviation and a 
PR interval of 0 20 second The temporal muscles weie definitely w'eak and some- 
what atrophied The periorbital muscles were weak The sternocleidomastoids were 
weak and atrophic The triceps on each side was definitely weak, the biceps and 
the muscles of the foiearm were questionably w'eak Stiength in the low'ei 
extremities was good, except possibly for weakness in the flexion of the legs 
Mechanical nritability appeared mci eased Mechanical myotonia was piesent in 
the tongue, chin, thenar and hypothenar eminences, flexors and extensois of the 
foiearms and calf muscles The biceps, tnceps, abdominal, patellar, and aclnlles 
tendon leflexes were present Trousseau’s sign was absent, and Chvostek’s sign 
was equivocal, piobably negative 

Case 10 — Myotonia, atiophy, cataiacfs, basal metabolic taic — 10 pci cent 

J M , a 46 yeai old white woman, fust came to the clinic in Maich 1936, com- 
plaining of difficulty in walking A 31 year old sister had a cataiact removed a 
few months pieviously, and anothci cataract was soon to be removed, a 34 vear old 
sistei (S E, case 11) had early cataracts typical of dystrophia myotonica, hei 
father had one cataiact lemoved at the age of 61 yeais and anothei at the age of 
64 years, a sistei of her father had a cataiact opeiation at about the age of 50 
yeais (fig 3) 

Except foi poor vision the patient w^as appaiently well until she had typhoid 
fever in 1915 A yeai later she noticed a difficulty in opening hei fist after 
clenching the hands tightly, a symptom which has peisisted in marked degree to 
the present time Dui mg the past eleven years, the hands have \eiy slowly 
become weak In the last eight years, on awaking in the morning, the patient 
has had difficulty in opening her eyes The eyelids seem "heavy and stiff” and 
it is twenty to thirty minutes before she can keep hei eyes completely open, 
occasionally she has to use her fingers to open her eyes During the past nine 
yeais, if she yawns wudely her lower jaw slips out of place but can be leadih 
leplaced by pressure Three years ago weakness began m the left leg, which 



776 


ARCHIVES OF INTERNAL MEDICINE 


she fiist noticed as a tendency of the leg to “stay behind” The left ankle “turns” 
easily, and she has great difficulty m walking up stans 

For many years she has felt weak and without enei gy, but in recent years 
this has been worse Her hands and feet are cold all the time A loss of hair, 
which has been noticed in lecent 3 r ears, has become more marked m the last two 
yeais Hei vision was poor while going to school, and she began to wear glasses 
at the age of 24 3 r ears The vision giadually decreased, and at 34 years of age she 
was told that she had cataracts She had the cataract lemovcd from the right e 3 e 
in 1930 and from the left eye m 1933 

She had whooping cough and measles in childhood, an appendectom} and removal 
of gallstones m 1919, and an operation to drain an infected toe on the left foot in 
1916 

Hei menstrual periods started at the age of 16 3 'ears, and she said the 3 had 
been regular and normal until two 3 ears ago Since that time they ha\e become 
maikcdty irregular, and the discharge was usualh r excessive m amount She 
married at the age of 35 years and has had no pregnancies 

Physical examination of the patient in March 1936 showed hei to be a veil 
nourished white woman of medium stature She is menlall} alert and cooperatne 



She v'alks with a slight limp, probabfy due to a “dragging” of the left leg Her 
voice has a nasal quaht 3 r The skin of the hands is dr 3 , SI11113, cracked, rathci 
inelastic and bluish The same is true to a less extent of the skin of her feet The 
thyroid is not enlarged The lungs and the abdomen showed nothing abnormal 

Examination of the eyes showed a chionic blephantis Both lenses had been 
removed 

Except for a slight splitting of the pulmonic second sound, the heart sounds 
were noimal 111 character Peripheral sclerosis was not evident The blood pressure 
was 116 systolic and 80 diastolic A roentgenogram taken in April 1938 revealed the 
heait and aorta to be of normal size and shape An electrocardiogram taken 
on Jan 15, 1937 showed the following chaiactenstics very low voltage of 
the P waves in all leads , QRS waves of lowest voltage in lead I and notched in 
lead III, questionable Q waves in lead I, no Q waves but definite S waves m 
leads II and III , upright T waves of rather low 7 voltage in leads I and II , 1 m erted 
T waves in lead III On April 24, 1937 the following changes in the electro- 
cardiogram were noted The voltage of the QRS waves in lead I v r as somewhat 
increased and exceeded that of lead III , no Q waves were present, but a definite 
S wave occurred in leads I, II and III , the ST segment was isoelectric in all leads , 
Ti was now inverted , Ts was still upright but of lower amplitude , Ts was upright , 
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a Q wave was piesent in lead IV (Wolferth) and the T wave was upnght On 
April 11, 1938 the following changes were noted QRS voltage was again 'lowest 
in lead I, but the presence of a Qi wave was questionable, the spread of the QRS 
waves was Oil seconds, Ti was practically isoelectric, T- was somewhat greatei 
in amplitude than on April 24, 1937, but less than on Jan 15, 1937, Ts was 
practically isoelectric, T 4 was diphasic In the period between the first tw'o 
electiocardiograms, this patient had complained of shortness of breath This was 
probably not as evident as it might have been if the patient had not been markedly 
limited in her activity by the muscular disorder This shortness of breath gradually 
left, ovei a peuod of several months It appeared likely that sometime between 
the first two electrocardiograms this patient had a myocardial infarction involving 
the anterior surface of the left ventricle During this peuod the patient had 
received intravenous injections of a quinine salt on a few occasions, and the 
question arose as to the possible relationship of this medication to the electro- 
cardiographic evidences of myocardial damage 

Examination of the neuiomuscular system in March 1936 showed that the 
penorbital muscles, the temporal muscles and the muscles of the cheeks and mouth 
aie weak and atrophic, typical myopathic facies being produced The masseter 
muscles are weak and atrophic The sternocleidomastoids are markedly atiophic 
The trapezu, the deltoids and the muscles of the suprascapulai and infiascapulai 
fossae showed moderate weakness and some atrophy The flexors and the extensoi s 
of the fingeis are weak, atrophy is moderate The thenar and hypothenar emi- 
nences are somewhat atrophic Flexion of the left thigh and leg is definitely weak, 
and extension of the left leg is weak This is also true to a less extent on the right 
leg On both sides, dorsiflexion of the foot is weakened Voluntary myotonia is 
marked in the hand grasps Mechanical myotonia is piesent in the tongue, the 
chin muscles, the sternocleidomastoids, the deltoids, the extensors of the wrists 
and fingers, the muscles of the thenar and hypothenar eminences, the calf muscles 
and the peroneal muscles Electrical myotonia was demonstiated in the muscles of 
the thenar and hypothenar eminences The biceps, triceps, patellar and achilles 
tendon reflexes were not obtained 

The results of the W assermann test and the Eagle flocculation test were negative 
Several examinations of the urine and blood counts gave normal results On 
March 11, 1936 the calcium content of the blood was 10 mg per hundred cubic 
centimeters , the phosphorus content was 3 3 mg , the cholesterol content was 230 
mg , and the sugar content was 78 mg Examination of the spinal fluid on Dec 18, 
1935 showed it to be normal The basal metabolic rate on March 10, 1936 was 
— 10 per cent 

Fluoroscopic examination of the gastrointestinal tract 111 March 1938 levealed 
nounal peristaltic waves along the course of the esophagus, the radiopaque material 
descended normally down the esophagus into the cardiac portion of the stomach , 
the stomach appealed to be of noimal shape, size and position, the pylorus seemed 
to function normally, theie was no roentgen evidence of organic disease in the 
stomach or duodenum and no six houi gastroduodenal residue, the gallbladder and 
the appendix were not definitely visualized, ptosis of the transveise colon was 
present 

Case 11 — Catcnacts 

S E, aged 35 years, sister of J M (case 10), was examined in 1936 111 the 
couise of the investigation of the family (fig 3) She had no complaints, and the 
only positive physical finding was the presence of typical early cataiacts Many 
small subcapsulai spherical opacities, a few confluent, were found throughout the 
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cortex of the lens of each eye, especially toward the equator In the beam of 
the slit lamp they appeared to be green and blue The vision was 20/20 in each eye 

Case 12 — Myotonia , atiophy , cat at acts, basal metabolic talc — 20 pci cent 

N P , a 54 year old white man, said that his father was operated on for 
cataract at the age of 55 years , a brother who died at 33 years of a “heart attach” 
had a cataiact operation at 30 years of age and typical muscular symptoms, a 
sister who died at 42 years of age had cataract operations at the age of 37 years 
and typical muscular symptoms, a sister aged 48 jears had poor vision and marked 
atrophy (fig 4) 

At about the age of 36 years, the patient noticed that when he started to eat, 
on taking the fiist bite Ins jaw would stay clamped for a few seconds before he 
could release it After the first bite this would disappear This lasted for about 
two years At about the same time he noticed difficulty in releasing objects when 
he grasped them in his hand Soon after, he began to Ime a weakness of his 


(l 



Fig 4 — Familj P (case 12) The legend is the same as for figure 1 



hands, and he had to quit his job as a tram conductor The muscles of the hands 
had atrophied and become markedly weakened, especially in the last nine years The 
stiffness left the fingers as they became weaker and is now present only in the 
thumbs The arm muscles have also become weak and have atrophied somewhat 
A "slapping” gait, which was noticed about five years ago, has shown little if any 
progression m the last two years During the last few months the patient has 
noticed a stiffness of his legs in the morning, this leaves aftei he takes a few 
steps For the last tlnee years his voice has had a nasal quality, and he lias 
noticed that in drinking from a fountain a little water at times comes back through 
his nose In swallowing, at times, food seems to “stick in his throat ” 

In about 1925 he was told that he had a cataract His vision gradually failed, 
and in 1936 he had the cataract removed from the right eye The left eye also 
has a cataract His hair started falling out at about the age of 18 yeais, and he 
was bald m his thuties 

He had typhoid fever and scarlet fever at 9 yeais of age, pains in the joints and 
fever at 32 years and influenza at 34 years He was born m Indiana in 1884 and 
graduated from high school at 16 years of age He has worked as a clerk, brake- 
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man, conductoi and insurance salesman He marned in 1910 and has thiee chil- 
dren He says that his libido and potency have always been normal 

Physical examination m Septembei 1937 revealed the patient tc be a v. ell 
nourished white man who appeared to have had a good musculai development at 
one time He is fairly intelligent and very cooperative He talks in a rathei 
monotonous voice which has a definite nasal quality He lifts his legs high as he 
walks and has a definite “slap” in Ins gait He is bald Examination showed the 
thyroid to be firm and nodular, with some enlargement of the right lobe The lungs 
were normal Abdominal examination gave negative results The testicles weie of 
noimal size 

Examination of the eyes early in 1936, befoie the cataract opeiation, levealed 
a very stubborn ulcerative blepharitis of the lids and a chronic conjunctivitis 
The eyes were normal except for the cataracts, which appeared as small, round, 
highly ref tactile, most frequently subcapsular opacities, throughout the cortex of 
each lens A marked posterior polar cataract of the stellate variety, which gave 
a golden appearance with the slit lamp, was present in both eyes but was more 
maiked in the right eye The vision was 20/200 in the right eye and 20/40 in 
the left Dui mg the following year the vision dropped to 2/60 m the right eye 
but lemained 20/20 with a correction for hyperopia in the left eye In Decembei 
1936 a cataract was removed from the right eye by a modified Verhoeff method, 
and a final visual result of 20/20 was obtained His vision in the left eye remained 
about the same, now being 20/30 with a hyperopic correction 

Examination of the cardiovascular system in Apiil 1938 showed the heart to be 
of normal size and shape, as levealed bj a roentgenogram The aoita was somewhat 
widened The first sound was muffled and indistinct The second was fairly well 
heaid Theie weie no murmuis The pulmonic second sound was greatei than the 
aortic The peripheial vessels showed no definite evidence of scleiosis The blood 
pressure was 108 systolic and 74 diastolic The electrocardiogram showed a PR 
mtei val of 0 26 second and a QRS spread of 014 second, with the form of a 
left bundle branch block 

On examination of the neuromuscular system m September 1937 the temporal 
muscles weie shown to be somewhat atrophic, and the perioibital muscles, the 
oibiculans oris and the cheek muscles all very weak, the typical myopathic facies 
being produced The patient cannot open his mouth widely The sternocleido- 
mastoid muscles are maikedly atrophied The deltoid, the muscles of the infra- 
scapular and suprascapular fossae and the triceps are weak and somewhat atrophied 
The biceps on each side and the pectoial muscles are of fairly good strength Both 
the flexors and extensors of the forearm are maikedly atrophied The small 
muscles of the hand, including the mterossei, are atrophied Dorsifiexion of both 
feet is weak The muscles of the thenar eminence show' active myotonia 
Mechanical myotonia is obtained in the thenar and hypothenar groups of muscles, 
the calf muscles and the glutei Electrical testing shows a typical myotonic 
leaction in the thenar and hypothenar muscle groups The biceps, abdominal and 
patellai reflexes are piesent The aclulles tendon reflexes were not obtained 
Chvostek’s sign is absent 

The lesults of the Wasseimann and the. Eagle flocculation test were negative 
Seveial examinations of the urine and blood counts gave normal results The 
basal metabolic rate in January 1936 was — 16 per cent, and in July 1936 it 
was — 20 per cent The calcium and phosphorus (inorganic) contents of the 
serum as determined on several diffeient occasions was as follow-s (m milligrams 
pei hundred cubic centimeters) Jan 20, 1936, calcium 9 2, phosphorus 3 9 , July 
20, 1936, calcium 10 6, phosphoius not determined, July 21, 1936, calcium 10 0, 
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phosphoius 5 4, July 25, 1936, calcium 11 1, phosphorus not determined, Nov 22, 
1937, calcium 9 0, phosphorus 3 0 On July 20, 1936, the cholesterol content of 
the blood was 154 mg per hundred cubic centimeters, and the chloride content 
(as sodium chloride) was 522 mg per hundred cubic centimeters 

The moist weight of the lens removed m December 1936 was 0 1823 Gm The 
lens was immediately giound up with sodium sulfate, dried for twenty-four hours 
m an incubator and then extracted with chlorofoim The cholesterol content of 
the lens was 1 12 mg pei hundred cubic centimeters, oi 0 614 per cent of the 
moist weight of the lens 

Roentgenologic examination of the gastrointestinal tract in April 1938 re\ealed 
normal peristaltic waves in the esophagus, the stomach appealed to be of normal 
shape and position, a constant defect was seen m the pyloroduodenal reg’on, the 
pylorus did not appeal to be unusually patent, about one fifth of the barium sulfate 
meal remained in the stomach aftei six hours, the gallbladder and the appendix 
were not definitely visualized , there was some spasticity of the colon, but there 
was no definite roentgen evidence of organic disease 

Cask 13 — Myotonia, atiophy, calaiacts, baldness, basal metabolic late — 26 
pet cent 

F B, aged 44 jears, was examined in April 1938 The patient’s father died at 
75 years of age in a state hospital to which lie had been committed with a diagnosis 
of senile dementia The patient said that his father wore glasses for main j ears and 
that for a number of years before his death lus vision was so poor that he could 
not use a mirror to shave himself The patient’s mother was nuldlj diabetic 
and died at 81 years of age One sister in her fifties had diabetes and, according 
to the patient, had difficulties with her eves and legs Another sister died in 
her fifties , she once told the patient that her hands “stuck to things ” At the 
time this paper was written there were seieral othei brothers and sisters whom 
w'e hope to examine in the future 

At about the age of 16 or 17 jears, the patient fiist noticed that jf he gripped 
an object strongly he would have difficulty letting go This difficulty in relaxing 
lus grip graduallj became worse At 22 to 23 years of age he noticed that lus 
grip was not as strong as that of lus fellow w'orkei s Since that time there 
had been a giadual loss of strength in his gup, and m the last llnee years it was 
noticed that the weakness was marked The strength m Ins aims and shoulders 
also decreased He said that about two j'cars ago people called Ins attention 
to the fact that he walked as though he had a “wooden leg or was paratyzed ” 
Since that time he had been conscious of an increasing difficulty in walking 
During the last year a stiffness of the ankles on starting to walk had been present 
He had recently been tiring with very little exertion 

In the last six months lus voice had become low'er m pitch, less clear and 
somewhat huskj r Occasionally he had difficulty in drinking water from a fountain 
His hands and feet had been cold as far back as he could remembci Print 
blurred when he read, and lus eyes frequently burned and watered 

The patient had had mumps, with no associated orchitis He had typhoid fever 
at 14 and pneumonia at 22 years of age At the age of 30 years he w r as in the 
hospital with a pain in the right side, which w r as attributed to a ureteral stricture 
He had gonorrhea at 22 years and again at 33 years of age, after the second 
attack he had some pains in the joints and swelling He married at the age of 
22 and has been divorced for about ten years He has had no children, although 
he said his wife was pregnant on several occasions and induced aboitions 

Physical examination m April 1938 of the patient revealed him to be a tall well 
nourished white man of 44 years He is intelligent and cooperative His voice is 
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definitely nasal, and Ins gait is of “steppage” nature He is bald, with a giajing rim 
of hair Most of the teeth aie present, although in poor condition The thjroia 
is small but very firm The results of examination of the lungs and abdomen 
were negative Both testicles were possibly somewhat softer and smaller than 
noi mal 

The examination of the eyes showed a slight marginal blepharitis and a chronic 
conjunctivitis Slit lamp examination after the introduction of homatropine hydro- 
bromide showed many fine opacities, varying in size from that of a dust paiticle 
to almost a millimeter in diameter The opacities were scattered throughout the 
coitex of the lens, extending well into the central area They weie a grayish 
white, but refiactile, and appeared blue and blue-green at times The fetal nucleus 
was not involved Vision with glasses was 20/20 in both eyes 

The heart and aoita were normal, as shown by roentgenologic examination 
(Apnl 1938) The blood pressure was 96 systolic and 64 diastolic with the patient 
in the recumbent position and 104 systolic and 72 diastolic when he was in the sitting 
position The systolic pressure fell about 10 mm with deep inspiration The 
heart sounds were somewhat faint but normal in character The aortic second and 
the pulmonic second sound were of about equal intensity No murmurs were 
heard Peripheral sclerosis was not evident The electrocardiogram (April 1938) 
was normal except for a somewhat high take-off of the ST segment m lead I (1 
mm ) and in lead II (1 mm ) 

The temporal muscles were markedly atrophied, and the masseter muscles 
weie somewhat atrophied The periorbital muscles and the orbicularis oris were 
weak The stemocleidomastoids were almost completely atrophied The muscles 
of the supraclavicular fossae and the deltoids were somewhat atrophied The 
biceps and especially the triceps on each side weie weak and somewhat atrophic 
Both the flexor and the extensoi muscles in the forearm were very weak and 
atrophic The muscles of the thenai and hypothenar eminences were only slightly 
involved, but the mterossei weie definitely atrophied Flexion and extension of 
the thigh weie fairly good, as was extension of the knees Flexion of the knees 
was weakened Plantar flexion of the feet was fair on the left and weak on 
the right Dorsiflexion of the feet was markedly weakened Voluntary myotonia 
was present in the movements of the fingers and thumbs and in the ankle move- 
ments Mechanical irritability of the muscles was increased in most regions 
Mechanical myotonia was present in the tongue, chin muscles, deltoids, biceps 
and triceps on each side, the flexors and extensors m the forearm, the muscles 
of the thenar and hypothenar eminences, the quadriceps on each side and the left 
gastrocnemius The patellar and the abdominal reflexes were piesent and normal 
The biceps and achilles tendon reflexes could not be obtained Chvostek’s sign 
was positive Trousseau’s sign was negative 

The results of the Wassermann and the Eagle test were normal Examination 
of the spinal fluid gave normal results On April 25, 1938 the calcium content 
of the blood seium was 9 3 mg per hundred cubic centimeters, and the phosphorus 
content was 2 8 mg The basal metabolic rate was — 26 per cent, and the 
cholesterol content of the blood was 148 mg per hundred cubic centimeters 

Impoitant features of dystrophia myotonica brought out by the fore- 
going case histones will be discussed in the following order (1) 
hereditary featuies, (2) onset, (3) myotonia, (4) atrophy, (5) cataracts, 
(6) endocrine and metabolic changes, (7) mental changes. (8) caulio- 
\ asculai system and (9) gastrointestinal system 
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HEREDITARY FEATURES 

The hereditaiy features of dystrophia myotonica are of the gieatest 
importance, because they throw much light on the nature of the dis- 
ease and help to differentiate it from othei heredofamilial disoiders 
of the neui omuscular system as well as fiom the moie closely related 
hereditaiy disordei myotonia congenita (Thomsen’s disease) Fleischer , 1 
Henke and Seeger s and othei s who have studied the heredity of this 
disease, including two of us (A R and J J W ),° ha\e stated the belief 
that it is transmitted as a dominant Unlike such a charactei, how- 
ever, the deteimmer foi dystioplna myotonica may appaiently be piesent 
without manifesting itself, as indicated by the frequency with which 
the patents of our patients appeared to be noimal and by the occuirence 
of isolated cases of dystioplna ni}otonica which can be traced back 
several generations to a common ancestoi Although dominant genes 
need not affect eieiy geneiation, the laigc number of unaffected paients 
is not to be explained solely in this mannei To clarify this apparent 
inconsistency, geneticists have utilized the concept of “piogiessne inheri- 
tance ” In diseases which exhibit progressive inheritance, the onset 
of the disease is at an eailiei age in successive geneiations (anticipation) 
The disease also may become incieasingly severe in successne geneia- 
tions (potentiation) In the light of this concept one ma> mteipiet 
the inheiitance of dystioplna imotonica as follows It is due to a 
dominant mutation which is at hist manifested bj very few signs, 
because of the mildness of the condition 01 because the patients do not 
live long enough to show many of the signs In successive geneiations 
the disease sets m at an earhei age and mci eases graduall) in seterity 
until, finally, the full-blown syndiome of dystioplna myotonica can be 
1 ecognized 

This intei pi etation of the couise of events leceives impoitant con- 
fiimation fiom tw r o souices The fiist is the common occurience of 
cataiact, one of the most important signs of the disease, in the geneia- 
tions pieceding the definitely dystioplnc geneiation Fleischei has 
showm that the occunence of this cataiact piesenls also the lemaikable 
phenomenon of anticipation, that is, the age of onset is eailiei in each 
succeeding generation In antecedent geneiations occm senile cataracts, 
m later geneiations, presemle cataiacts, in the definitely dystioplnc 
geneiation the cataracts may occui in youth The second souice is 
the earhei age of onset of the disease in the dystioplnc clnldien of 

8 Henke, K, and Seeger, S Ueber die Veieibung der mjotonischen D>s- 
trophie Genetischer Beitrag zum Problem der Degeneration, Ztschr f d ges 
Anat (Abt 2) 13 371, 1927 

9 Ravin, A, and Waring, J J Studies in Dystioplna Myotonica I 
Hereditary Aspects, Am J M Sc 197 593, 1939 
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d} strophic parents By fairly exhaustive investigation of the literature 
32 instances vere found in which both parents and children were 
affected, m eAery one of these the age of onset of the disease in the 
children w as at an earlier age than m the parents 

The foregoing interpretation may be summarized as follows The 
disease appears to be due to a dominant factor which is at first mani- 
fested by no signs or b} Aery slight signs notably cataract In those 
families in which cataract occurs its onset at an earlier age m succeed- 
ing generations is evidence of the def ectn e gene Fmalh , in one genera- 
tion the complete syndrome of d}strophia m}Otomca appears Pei sons 
with the disease now* transmit it to their children as a simple dominant 
The onset of the disease m the children is at an earlier age than m the 
parents, until finally a generation occurs m which the onset is before 
maturity, and the disease ceases to appear m that famih 

It seems probable that the def ectn e gene appears first in a famih 
b) mutation One may conclude with McFailand and Meade 10 that 
“the cause of mutation or suddenly appearing striking \anation is 
unknown It or something comparable to it, may occasionally modi!} 
the germ plasm m such a manner as to result m congenital deformity 
insanity, dyscrasia, metabolic disturbance or tumor Once changed b\ 
mutation, the germ plasm may carry the newly acquired character 
through man) generations or may end it Avith one generation, when 
it results in a state incompatible with the propagation of its abnormal 
kind ” 

ONSET 

The onset of d}strophia mjotomca has usually been stated to be 
m the third or fourth decade From what has been said about the 
heredity" of the disease it is endent, however, that the age of onset 
will iar} markedh Avith the generation affected The disease is hkel} 
to be first recognized m the generation m A\hich the onset is in the 
third or fourth decade of life, because in the preceding generation 
the disease begins at a later age and only rarely progresses to a point 
AAhere the diagnosis is made before death The presence of cataract 
m one of the parents of a patient AAith dystrophia nnotonica might m 
retrospect be considered as eAidence that that parent had the disease 
although the muscle symptoms had not progressed to the point AAhere 
the diagnosis is made The children of a person in A\hom the disease 
began m the third or fourth decade may sho\A the disease in the second 
or eAen the first decade of life (cases 5 and 9) 

10 McFarland J , and Meade, T S The Genetic Origin of Tumors Supported 
by Their Simultaneous and Symmetrical Occurrence in Homologous Twins, Am J 
M Sc 184 66, 1932 
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One of the most impressive featuies of the disease is the insidious- 
ness of its onset and the slowness with which it pi ogresses Fiom the 
patients’ histones and fiom the obseivation of seveial patients over a 
penod of moie than thiee yeais, we feel that degeneiative signs aie 
piesent foi many yeais befoie they attract the patient’s attention The 
appai ent insensibility and mdifiteience of these patients to then physical 
disabilities aie undoubtedly due m part to the insidious mannei in which 
the disease develops Since they are pethaps honestly unawaie of the 
eaihest muscular changes, the time of onset of the disease is apt to 
be undei estimated by many yeais 

It is not possible in eveiy instance to identify the initial symptom 
among the many dystiophic featuies of the disease Usually one dys- 
tiophic featuie appears eithei to haie pieceded the otheis or to ha\e 
progressed moie lapidly Fiom the histones of the patients of this 
senes, myotonia appeals to have been the hist symptom in 5 patients, 
muscle weakness and atrophy in 4 patients and cataiact m 3 patients, m 
1 patient myotonia and atiophy began at the same time It is possible 
howevei , that myotonia may be, as many believe, the earliest symptom , 
but since it is not as disabling as the atrophy, the patient's attention 
is not atti acted to it Thus, the presenting complaint is usually the 
lesult of the muscular weakness, even when myotonia preceded the weak- 
ness by many >eais The obseivation that in 2 of our patients cataract 
was piesent without the othei symptoms having yet become of sufficient 
seventy to be recognized would indicate that cataract is often the earliest 
evidence of the condition 

The sex incidence in the 5 patients piesentmg themselves foi exami- 
nation was 4 men and 1 woman In the entire group of 13 patients, 
it was 8 men and 5 women If to these 13 patients aie added 5 patients 
who w r eie not examined but who in our opinion, based on a study of 
the family histones, undoubtedly had the disease, the sex incidence 
becomes 10 men and 8 women This is close to the 1 to 1 latio 
expected on hei editary giounds 

MYOTONIA 

Aftei conti action, the myotonic muscle peisists in a state of con- 
ti action, fiom which it relaxes slowly to resume its resting state, only 
after thirty seconds or moie in some patients The conti action persists 
aftei the stimulus producing it has ceased to act and appeals, therefoie, 
as a slowness oi delay m relaxation In contrast to myotonia congenita 
(Thomsen’s disease), in which the myotonia is generalized and the 
only cause of disability, the myotonia in dystiophia myotonica is limited 
in distribution and ovei shadowed m importance by the progressive 
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muscular atrophy The myotonia is, however, so characteustic that it 
deserves emphasis because of its great diagnostic value 

Myotonia occuis most commonly m the muscles of the forearms and 
hands, where it is manifested by an inability to relax promptly, easily, 
and naturally the hand clasp, to “let go” any object firmly grasped 
One of our patients, a lailroad biakeman, neaily lost Ins life because 
of his inability to “let go” the iron handle on a box-car A younger 
patient could not relax his grip “frozen” to his golf club aftei a stioke 
A carpenter after driving a few nails could not lay down his hammer 
A housewife found pulling weeds a slow process because of an inability 
to “let go” a weed pulled with difficulty from the ground Greenfield 
wrote of a physician with this malady who found himself under suspicion 
because of his suggestively caressing hand clasp when shaking hands 
with his women patients Myotonia also occurs at times in the muscles 
of mastication, as indicated by a curious difficulty on starting to talk, 
chew or swallow, and m the muscles of the legs, as indicated by “stiff- 
ness” of the muscles and joints on starting to walk or run or get up 
from a cramped position 

When the muscular conti action is voluntary, as m the afoiementioned 
instances, we have used the term “voluntary myotonia”, if the muscle 
is stimulated to contract by mechanical 01 electrical means we have 
used the teims “mechanical myotonia” and “electrical myotonia” 

The piolonged conti action characteristic of myotonia is easily dis- 
tinguished from simulating conditions by the following properties 

1 The difficulty m relaxing the conti acted muscle becomes less with 
each repetition of the conti action, and after several conti actions the 
relaxation occurs with appaiently normal lapidity The difficulty m 
relaxation is accordingly most evident after a peiiod of lest If the 
patient is mstiucted to open and close his fist repeatedly and as lapidly 
as possible, the fust few movements aie peifoimed slowly and with 
difficulty, but with each lepetition the movement becomes moie facile, 
until it is earned out with apparent normal rapidity If, however, 
the patient rests for a while, the difficulty 1 etui ns 

2 Myotonia is not painful 

3 Myotonia inci eases in degiee, up to a limit, with mciease in the 
force of conti action M J B (case 9) could open and close hei fist 
without noticeable difficulty, but aftei squeezing the dynamometei she 
could release it only with effoit 

4 The contractions which show myotonia aie voluntarily produced 
contractions Involuntaiy contractions occur only laiely in diseases 
associated with mjotoma and then repiesent an accidental association 

Voluntary myotonia has been markedly decreased by the administra- 
tion of quinine 3 and to a less extent by the administration of 
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epinephnne 11 It has also been somewhat deci eased by calcium, given 
intravenously 11 The admimstiation of insulin pioduced a decrease 
when symptoms of hypoglycemia weie present, and it was piobable that 
the deciease depended on the mobilization of epinephnne 11 The 
administration of prostignnne aggravated myotonia, and the admin- 
istration of potassium chloride has been i epoi ted to aggravate it 12 
Warmth usually deci eases myotonia, and cold mci eases it Possibly 
by increasing involuntarily the stiength of conti action, excitement and 
flight increase myotonia 

Mechanical myotonia is most easily demolish ated by striking the 
muscle with a percussion hammer In the case of laige muscles, a 
lingenng furrow or dimple is produced by the peisistence of the con- 
ti action of the stimulated muscle fibeis Smallei muscles, such as 
those of the thenai and hypothenar eminences, may conti act as a whole 
Mechanical myotonia is usually more widespread than voluntary myo- 
tonia Its piesence m the tongue is especially constant and worthy of 
note The muscles commonly involved aie listed in table 1 

The response of myotonic muscles to electiical stimulation is very 
characteristic The essential featuie is the persistence of the contrac- 
tion after cessation of the stimulating current, but the details of the 
lesponse of the muscles and neives to faradic and galvanic curients 
are too complex for the piesent discussion The typical myotonic 
response is complicated by the presence of atrophy m many of the 
muscles The total reaction of the muscle to mechanical and electrical 
stimulation was called by Erb 13 the “mj otomc reaction ” 

ATROPHY 

The atiophy is chaiactenzed by a typical pattern of involvement, 
which includes the muscles of the face, the steinocleidomastoids, the 
muscles of the foieaim, the quadnceps and the dorsiflexois of the foot 
The muscles m one or moie of these locations usually show the initial 
involvement, but when the condition is moderately advanced the entire 
group is more or less affected Atiophy may affect muscles which are 
or have been myotonic, oi it may affect muscles which appaiently have 
shown no myotonia 

In the face, the musculai involvement results m the so-called myo- 
pathic facies, consisting of temporal hollows, sunken and sagging cheeks, 
dioopmg mouth cornels and a persistently glum expression The 
orbiculans oculi of each side, the oibiculans oris and the tempoial 
muscles aie early affected Atrophy and weakness of the pharyngeal 

11 Ravin, A Studies in Dystrophia Myotonica III Experimental Studies 
in Myotonia, Arch Neurol & Psychiat 43 649 (April) 1940 

12 Russell, W R , and Stedman, E Observations on Myotonia, Lancet 2 
742, 1936 Kennedy and Wolf Sa 

13 Erb, W H Die Thomsen’sche Krankheit, Leipzig, F C W Vogel, 1886 
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muscles also occur early and produce a nasal voice, poor enunciation 
and an easily fatiguing voice The masseter muscles may be involved 
and with the weakened temporal muscles may result m a tendency to 
easy dislocation of the lower jaw Atrophy of the tongue is late 

The involvement of the sternocleidomastoids is early and remarkably 
constant In moderately advanced stages of the disease only a few 
fibers of the muscles may be present The weakness is nicely demon- 
strated by asking the patient to sit up fiom the supine position When 
the involvement is seveie the head of the patient tends to fall back 
and is often suppoited with the hand 

The atrophy and weakness of the muscles in the foreaims are 
especially incapacitating and frequently the presenting complaint Of 
the flexor muscles, the superficial and deep flexors of the fingers and 
the long flexors of the thumbs are markedly involved The flexors 
of the wrist show less involvement, and patients with this condition 
soon learn to depend on the wrists to lift objects The extensor muscles 
are usually more markedly and universally affected than the flexor 
The muscles of the thenar and hypothenar eminences do not show 
marked involvement until late, and the adduction and opposition of 
the thumb are therefore often strong after flexion of the fingers is 
almost gone Since myotonia tends to disappear as the muscles atrophy, 
it may be evident in advanced stages of the disease only in the move- 
ment of the adduction and opposition of the thumb In some patients 
the intei osseus muscles are involved early The hand tends to assume 
a position resembling a cone, the palm is contracted, and the fingers 
are bent at the metacarpophalangeal joints, with their tips coming 
together to form the apex of the cone 

In the lower extremities, the dorsiflexors of the foot are early 
affected, with the production of a foot drop and a steppage gait When 
the quadriceps femons becomes weak, the difficulty in walking is great 
The patient is unable to raise the leg high enough to overcome the foot 
drop, and the risk of falling is gieat 

As the disease progresses, other muscles become weak and atrophied 
In the far advanced conditions, most of the muscles of the body are 
involved, and the patient is markedly emaciated 

The atiophy is not associated with fibrillar} r twitching The tendon 
reflexes are not abnormal but disappear as the muscles atrophy At 
times the weakness and atiophy of the muscles of the lower extremities, 
especially m the early stages, are associated with pain, usually described 
as aching Although Maas 14 m a i ecent report stated that the vibratory 
sense was found diminished m many persons with dystrophia myo- 
tomca, sensory disturbances are otherwise lacking 

14 Maas, O Disturbances of Sensibility m Dystrophia Myotonica, Brain 
61 449, 1938 
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CATARACTS 

Of the 13 patients m our senes, 12 had cataiacts The 1 patient who 
did not appear by slit lamp examination to have cataiacts had such 
slight evidence of the disease that it was only on the basis of the family 
history that the diagnosis could be made Two patients, furthermoie, 
had cataiacts without any definite muscle changes It may be con- 
cluded, therefore, that the piesence of cataiacts on slit lamp examina- 
tion is one of the eaihest and most constant featuies of dystiophia 
myotomca The impoitance of the occurrence of cataracts m the 
ancestors of patients has already been emphasized 

On slit lamp examination of the lens, the characteiistic obsena- 
tions are as follows 1 Small regulai opacities aie found in the cortex 
of the lens, especially under the capsule These opacities are highly 
refractile, appearing blue, blue-green and yellow 2 A posterioi sub- 
capsular stai -shaped opacity may be present veiy early, although no 
patient in our series had such a lesion before the punctate opacities 
were demonstrable This is an opacity similar to that found in other 
forms of complicated cataract 3 The cataracts develop very slowly, 
taking ten to twenty yeais to matuie The mature cataiact, the punctate 
opacities having become confluent, is indistinguishable from other types 
of mature cataracts 

Although the cataract m its eaily stages almost always shows the 
changes just described, a diagnosis of dystrophia myotomca cannot 
be established on the evidence of the lenticular changes alone, as tetany, 
among other conditions, may produce somewhat similar changes Se\- 
eial cataracts not unlike this type have been seen in patients in whom 
no etiologic factor could be established Although the diagnosis of 
dystiophia myotomca cannot be made on the lenticular changes alone, 
it is evident that if a typical cataract is found m a person with a family 
histoiy of dystrophia myotomca, that person has dystrophia myotomca 
as suiely as his brothei or sistei who shows only muscular changes 
The cholesteiol content of the lens removed from N P (case 12), 
by the mtracapsulai method, was 0 614 per cent of the moist weight 
This is well within the limits for cholesterol content m lenses with 
matuie cataracts of all types, as found by Salit and O’Brien, 15 namely 
0 239 to 0 679 per cent, with an average of 0 512 per cent 

A chronic ulcerative type of blepharitis and chronic conjunctivitis 
was present in 9 patients and absent only m the 4 patients showing 
the least degenerative change This rather constant observation has 
been mentioned only occasionally m other reports 

IS Saht, P W , and O’Brien, C S Cholesterol Content of Cataractous 
Human I enses, Arch Ophth 13 227 (Feb ) 1935 
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ENDOCRINE AND METABOLIC CHANGES 

The endocune system of the body shows evidences of generalized 
and often maiked involvement Testicular atiophy is frequent (in 
3 of the 8 men m this senes), and when maiked it lesults m impotence 
and infertility Involvement of the ovanes is indicated by the fiequent 
occurrence of menstrual irregulaiities and the maiked infertility of 
women with the disease The thyioid is often enlaiged and of increased 
fumness The basal metabolic late is usually low, in the 7 patients 
of this series for whom estimations weie made, it ranged fiom — 11 per 
cent to — 41 per cent with an average of — 25 pei cent The cholesterol 
content of the blood, on the othei hand, was noimal m ever}' instance 
in which it was determined 

The lesemblance of myotonia to tetany, the fiequently reported 
presence of Chvostek’s sign and even of Tiousseau’s sign and the almost 
invariable presence of cataract have suggested to many a hypo function 
of the parathyroid glands Against a hypofunction of the parathyroids 
may be mentioned the following facts 1 Even superficial comparison 
of myotonia and tetany suffices to show that they aie in no way related 
In contrast to tetany, which is frequently painful, occurs spontaneously 
and is localized mainly 111 the extremities m the same pattern, myotonia 
is not painful, occurs always in connection with certain voluntary move- 
ments and cannot be produced by piessure on the nerve tiunk or laige 
vessels 2 The calcium and phosphorus values in the blood are prac- 
tically always noi mal, as they were in this series 3 It is our feeling that 
what has usually been reported as Chvostek’s sign is leally pioduced 
by the direct stimulation of the hypernritable facial muscles, rather 
than by a stimulation of a hypernritable neive The former phe- 
nomenon was observed m seveial patients, but in only I patient -was a 
true Chvostek sign obtained Trousseau’s sign was not obtained in 
any patient 

The conception of the pituitary as the master legulator of the 
endocune system leads to the suggestion of a primary hypofunction 
of the pituitaiy as the fundamental cause of many of the changes The 
low basal metabolic rate, the testicular and ovanan dysfunction, the 
geneial body emaciation and the alopecia obseived in this series lend 
some plausibility to this suggestion 

Sugar tolerance tests on many of oui patients failed to reveal the 
presence of any abnormality of carbohydiate metabolism This work 
will be reported later 

Many studies of cieatme excretion m myotonia congenita and dys- 
tiophia myotomca have failed to show any connection between the myo- 
tonia and creatine excretion Abnormal creatmuna may be present 
when the muscle wasting is marked, but it is less than that seen m pro- 
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gressive muscular dystrophy 10 Studies on creatinine and cieatmine 
excretion m 3 of the aforementioned patients also w ill be reported later 

MENTAL CHANGES 

Maas and Patei son 17 examined psychiatrically 29 patients w ith dys- 
tioplna myotonica They found 17 of them to be of low intelligence, 
11 on a congenital basis and 6 as a result of deterioration They also 
found 6 patients who piesented clinical pictuies m some lespects 
lesemblmg classic syndiomes of mental disoider They felt that 
maiked musculai wasting was associated with mental changes A 
definite temperament was found by them in so many patients as to 
seem almost chaiactenstic of the disease It consisted m persistent 
and almost moibid cheei fulness, mild giandiosity and a lack of dnve 
and initiative 

Oui expei lence does not parallel that of Maas and Patei son 
Whether it is as the result of hereditary defects or as the lesult of 
mjunous prenatal and postnatal influences, a large peicentage of mental 
defectives is found in many affected families In other families, how- 
evei, mental defects appear to be slight or absent This was tiue m 
most of our cases A careful study of oui patients foi the piesence 
of mental deterioration is m piogiess and will be reported later The 
chaiactenstic temperament which Maas and Paleison described occurred 
infrequently, and those changes in temperament which weie found 
seemed more of a reaction to body defects than the lesult of any special 
congenital oi degenerative mental change 

cardiovascular system 

Guillam and Rouques 18 and d’Antona 10 have called attention to the 
high percentage of caidiovasculai abnoimahties m the small series of 
patients with dystiophia myotonica m whom the cardiovasculai system 
has been adequately studied These authois suggested the possibility 
that the cai diovascular system was also involved in the dystiophic 
piocess but cautiously stated that no conclusion must be drawn until 

16 Milhorat, A T , and Wolff, H G Studies m Diseases of Muscle V 
Metabolism of Creatine and Creatinine in Myotonia Congenita, Myotonia 
Atiopluca, Amyotonia Congenita, Dystonia Musculorum Deformans and Paialysis 
Agitans, Arch Neurol & Psychiat 4.0 680 (Oct) 1938 

17 Maas, 0 , and Paterson, A S Mental Changes in Families Affected by 
Dystrophia Myotonica, Lancet 1 21, 1937 

18 Guillam, G , and Rouques, L Le coeur dans la myotome atrophique, Ann 
de med 31 - 158 , 1932 

19 d’Antona, L Osservaziom sullo stato dell'apparato circolatorio e digerente 
nella distrofia miotomca La sindrome endocnna ed umorale, Mmena med 1 833 
1935 
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a larger series of cases have been studied The abnoimahties which 
have been noted by vanous woikers include the following hypotension, 
bradycardia, peripheial vasomotor disturbances, fluoroscopic and roent- 
genogiaphic abnormalities and abnormalities of the electrocardiogram 
A large peicentage of patients with dystrophia myotomca have blood 
pressures somewhat lower than aveiage, and our impiession from the 
reading of many case reports has been that hypei tension is rare In our 
senes 5 patients (cases 1, 6, S, 12 and 12), all with fairly advanced 
dystrophia myotomca, had what might be consideied hypotension Two 
patients (cases 5 and 9), not seriously affected, had low, but possibly 
average, blood piessures Two other patients with marked involve- 
ment had blood pressures which might be consideied low for their age, 
M W B (case 7 ) 120 systolic and 78 diastolic at 62 years of age and 
J M (case 10) 116 systolic and SO diastolic at 44 yeais of age 

The piesence of bradycaidia, which has often been observed and 
repoited by otheis, is evident on examination of table 2 

Most of oui patients complained of cold hands and cold feet and 
showed a moie or less marked degiee of cyanosis of the hands under 
the influence of mild cold 

None of the patients in this series had loentgen evidence of an 
enlarged heait, and except foi some widening of the aorta in N P 
(case 12) no abnoimality was found m the i oentgenograms of the 
chest This coi responds to the lack of significant changes m the size 
or shape of the heait found by most observers 

On auscultation, the heait except in 2 patients seemed normal In 
our series a systolic murmur was heaid m J B and M J B (cases 6 
and 9) In M J B (case 9) the nature of the muimur and the absence 
of a rheumatic histoiy suggested the possibility of a congenital heart 
lesion 

The peicentage of oui patients showing electiocaidiogiaphic abnor- 
malities is suipnsmgly large and agiees m this respect with the observa- 
tions of Guilhan and Rouques Electrocardiograms were taken of 8 
patients Two patients (cases 6 and 9) were definitely normal, 1 
patient (case 13) was normal except for a slightly high take off of 
the ST segments m lead 1(1 mm ) and lead II (1 mm ) , R B (case 8) 
showed a slight left axis deviation, and N M (case 2) showed a more 
marked left axis deviation, O M (case 1) had a low voltage and a PR 
intei val of 0 23 second, N P (case 12) had a PR interval of 026 
second and a left bundle branch block, J M (case 10) during 
the period of observation showed definite evidence of a myocardial 
infarction 

The large number of patients who showed abnormalities in the 
electrocardiogram is even more surprising when it is remembered that 
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hypotension was observed to be common and that peripheral sclerosis 
was slight m most patients Nevertheless, the type of change observed 
would suggest coronary scleiosis rather than a dystrophic process involv- 
ing the myocardium 


Table 2 — Summary of Caidiozascular Examinations 


Case Age 

Seventy 

of 

Disease 

Pulse 
Blood During 
Pressure B M R 

Evidence 

of 

Results of Peripheral 

Examination Sclerosis 

Cold 

Cya- 

notic 

Hands 

Electrocardiograms 

1 

43 

++ 

100/6S 

56 

Normal on roentgen 
examination and 
auscultation 

0 

+ 

Low voltage of P 
waves PR = 0 24 
sec. low voltage of 
QRS waves, largest 
excursion 5 mm 

2 

59 

A.A. 

% 

13S/90 

70 

Normal on roentgen 
examination and 
auscultation 

? 

+ 

PR = 0 20 moder- 
ate left axis devia- 
tion 

S 

56 


122/SO 

SO* 

Normal on percussion 
and auscultation 

0 

+ 

Not done 

4 

53 

Slight 

1S0/S0 


Normal on percussion 
and auscultation 

0 

0 

Not done 

5 

22 

Slight 

10S/6S 


Normal on percussion 
and auscultation 

0 

0 

Not done 

6 

60 

— r + -r 

104/70 

72 

Normal on roentgen 
examination, rough, 
loud systolic mur 
mur at apex 

Slight 

4- 

Normal ehg 

7 

62 

++~ 

120/7S 

92* 

Normal on percussion 
and auscultation 

9 

— 

Not done 

S 

27 

-r-*- 

100/SO 

49 

Normal on roentgen 
examination and 
auscultation 

0 

4- 

PR = 0 20 slight 
left axis deviation 

9 

20 

■fc 

106/70 


Normal on roentgen 
examination, svs 
tolic murmur, loud- 
est in pulmonic area 

0 


Tendency to right 
axis deviation 

10 

46 


116/S0 

5S 

Normal on roentgen 
examination and 
auscultation 

0 

-r 

Evidence of coro- 
nary changes 

12 

54 

J 1_ 

10S/74 

50 

Aorta somewhat 
widened on roentgen 
examination, mdis 
tmct first heart sound 

-l_ 


PR = 0 26 seconds 
left bundle branch 
block 

13 

44 

+ - 

96/64 

60 

Normal on roentgen 
examination and 
auscultation 

0 

A- 

Slightly high take 
off of ST segment in 
lead I (l mm 1 and 
lead II (1 mm 1 


* Not during determination of the basal metabolic rate 


GASTROINTESTINAL TRACT 

d’Antona 19 reported that fluoroscopic examination of the gastro- 
intestinal tract m 1 patient suggested the occurrence of imotonic 
phenomena m the esophagus and possibly in the stomach We did not 
observe a similar phenomenon in any of the 7 patients m this series 
who had roentgenographic and fluoroscopic examinations of the gastro- 
intestinal system 
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DIAGNOSIS 

The disease must be diffeientiated fiom myotonia congenita (Thom- 
sen’s disease), fiom the vauous piogiessive musculai atrophies and 
dystiophies, fiom othei diseases pioducing piesenile cataiacts and fiom 
vauous endocune disoiders 

The heieditaiy natuie of the disease is of the giealest diagnostic 
impoitance, atiophy occurs in a typical pattern, myotonia is character- 
istically limited m distribution, cataiact occuis at an eaily or middle age, 
associated testiculai atiophy is most significant, and finally 1 -, a low basal 
metabolic rate is commonly piesent 

TREATMENT 

It is one of the distinguishing featuies of the heiedodegeneratne 
diseases, of which dystiophia myolonica is a member, that they increase 
slowly and inexorably in seventy The insidiousness with which the 
disease sets in and the slowness with which it progi esses have been 
described The piogiession of the disease is almost imperceptible to 
close fi lends and relatives It is this slowmess of progression which 
makes evaluation of any treatment most difficult Tieatment which 
merely halted the piogiession of the disease w^ould have to be used 
for many months or y'eais before one could be suie of its effect Onl} 
if the drug produced a dramatic change in the patient’s condition could 
one be suie of a beneficial theiapeutic effect The possibility of the 
spontaneous occunence of penods dunng which the piogiession of 
the disease stops 01 during which even impiovement may occm further 
complicates the evaluation of treatment 

The type of change, degeneiation, makes treatment exceedingly 
difficult The gieatest benefit obviously could be obtained by pi men- 
tion — by voluntaiy celibacy of membeis of affected families 01 by 
voluntary contraception ' After the degenerative changes are present, 
little can be expected from tieatment An atiophied muscle 01 an 
atrophic testicle cannot be replaced, nor a clouded lens cleared 1 

Treatment is furthei complicated by the number of tissues affected 
If the widespiead involvement is due to the absence of one specific 
substance, a hormone for example, the ideal tieatment would be substi- 
tution therapy Although it is possible that all changes may be due to 
a single deficiency, positive evidence as to its natuie is lacking In 
the absence, therefore, of specific substitution therapy, the symptoms 
must be treated individually 

MYOTONIA 

Tieatment of the myotonia is discussed fiist, because it has been 
the most satisfactoiy In 1936 Wolf Sc lepoited the gieat improvement 
m myotonia produced by quinine This obseivation has since been 
amply confirmed Given by mouth, m doses of 15 to 30 grains (0 97 



WARING ET AL— DYSTROPHIA MYOTONIC A 


795 


to 1 94 Gm ) daily, quinine temporarily abolishes almost all evidence 
of the myotonia Quinine has not been shown, however, to have any 
effect on the musculai weakness and atrophy Since patients with 
dystrophia myotomca, unlike patients with myotonia congenita, aie not 
especially incapacitated by their myotonia and usually seek medical 
advice because of muscle atrophy or cataiact, quinine generally does 
little to correct the ongmal complaint Thus, of the 6 patients receiving 
quinine (O M [case 1] 10 to 20 grains [0 65 to 1 29 Gm ] daily for 
two months, N M [case 2] 10 giains [0 65 Gm ] daily for five weeks, 
J B [case 6] 15 grams [0 97 Gm j daily for four weeks, R B [case 8] 
5 grains [0 32 Gm ] thiee times daily foi one month, J M [case 10] 10 
to 20 grains [0 65 to 1 29 Gm ] daily for over thirteen and a half 
months, N P [case 12] 10 to 15 grains [0 65 to 0 95 Gm ] daily for 
ten months), only J M (case 10), who had a marked myotonia of the 
hands with only moderate atrophy, felt enough improved to desire con- 
tinuation of the quinine Her difficulty in walking, however, showed 
little if any change undei quinine theiapy These results are similai to 
those obtained by Kennedy and W olf 3a Unlike the patients of Kennedy 
and Wolf, our patients complained of gastric distiess on taking much 
more than 15 to 20 grains (0 97 to 1 29 Gm ) of quinine sulfate a day 

The effect of epinephnne and calcium on myotonia is too evanescent 
to make these drugs of value foi the treatment of myotonia 

ATROPHY 

The muscular atrophy is usually the most important disabling feature 
and at the same time the one least amenable to treatment 

The value of anunoacetic acid m the treatment of progressive mus- 
cular dystrophy has been lepoited by many workers 20 Its use m 
dystrophia myotomca has been limited Slauck 21 found no effect from 
the use of ammoacetic acid by itself but gi eat improvement from ammo- 
acetic acid and testicular extract (see “Testosterone Propionate”) Three 
patients m this series were given ammoacetic acid over fairly prolonged 
periods, J M (case 10) 30 Gm daily for eight months, N P (case 12) 
about 20 Gm daily for six months, and R B (case 8) about 20 Gm 
daily for one month by itself, for one month with anterior pituitary 
extract and for two months with testosterone propionate N P 

20 Harris, M M, and Brand, E Metabolic and Therapeutic Studies in 
Myopathies, with Special Reference to Glycine Administration, JAMA 101 
1047 (Sept 30) 1933 Tripoli, C J, and Beard, H H Muscular Dystrophy and 
Atrophy Clinical and Biochemical Results Following the Oral Administration of 
Amino-Acids, Arch Int Med 53 435 (March) 1934 

21 Slauck, A Die therapeutische Beemflussbarkeit der Dystrophia myo- 
tomca, zugleich era Beitrag zur Kenntms vom mtermediaren Stoffwechsel des 
Aluskels, Verhandl d deutsch Gesellsch f inn Med , Kong 45, 1933, p 175 
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(case 12), who believed himself improved with every type of treat- 
ment but m whom objective evidences of improvement could not be 
seen, thought himself impioved after administration of ammoacetic acid 
J M (case 10) at first said that she was improved but near the com- 
pletion of her period of treatment with ammoacetic acid thought she 
was no better than she had been at the beginning of the treatment 
Her husband and many of her neighbors thought she was improved 
It is quite possible that the progiession of the disease was halted 
Objectively some improvement appeared to occur during the fiist few 
months but none during the last months R B (case 8) took ammo- 
acetic acid alone over too short a period to evaluate its effect 

Antenor Pitmtaiy Extract — This extract was given because of the 
widespread nature of the involvement in dystrophia myotomca and 
the correspondingly large number of regulatory actions which have 
recently been attributed to the pituitary gland The most striking 
improvement obtained in any of the patients with any drug was obtained 
with anterior pituitary extract (Squibb) in J B (case 6) He was given 
2 cc of extract three times weekly for a peiiod of about ten months 
During the first five months he gained 12 pounds (5 4 Kg ) m weight, 
felt stronger and better than he had for years, went out and tried to 
do some work, no longer had as much difficulty as he had pieviousl} 
in opening doors, and felt happy and encouraged He walked somewhat 
better than befoie treatment No change was evident m the myotonia 
During the last five months of treatment he felt he was no longer 
gaming, and he stopped the treatment Seen a year after stai tmg treat- 
ment, he appealed somewhat bettei than he had been on starting 
treatment 

N P (case 12) recerved 2 cc of the drug thiee times weekly for 
four months As with all other diugs used, the patient believed himself 
improved, but objective evidence of impiovement was lacking, and 
during the period of treatment he became conscious of a stiffness of his 
legs m the morning which he had not noticed pieviously 

R B (case 8) received 2 cc of antenor pituitai}’- extract three 
times weekly along with 20 to 30 Gm of ammoacetic acid for a month 
Subjective and objective evidences of improvement were questionable 

Testosterone Propionate 22 — This diug was used for the following 
reasons 

1 Slauck 21 had reported improvement in the muscular atrophy of 
dystrophia myotomca by the combined use of ammoacetic acid and a 
testicular extract (erugon) 

2 Testicular atrophy occurred m many of these patients 

22 The testosterone propionate used in this study was furnished by the 
Schenng Corporation and the Ciba Pharmaceutical Products, Inc 
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3 Papanicolaou and Falk 23 reported that general musclar hyper- 
trophy could be induced m guinea pigs with the androgen 

N P (case 12) received 10 mg of testosterone propionate three 
times weekly for one month and then 25 mg three times weekly for 
six months There was no evidence of improvement, and during this 
period the patient complained of a weakness of the right arm, most 
evident during shaving This patient had no testicular atrophy He 
said his sexual desire was normal and was not affected by the medication 

O M (case 1) received 25 mg of testosterone propionate twice 
weekly for six months The patient, who would probably deny improve- 
ment if it did occur, was not sure that he had improved, but his wife 
thought he was better That he continued to come for treatment is 
some evidence, considenng his peculiar nature, that he may have been 
somewhat benefited His testicles appeared to be atrophic, and he said 
that he had lost all desire for intercourse and that the testosterone 
produced no change m his desire, although here again he would probably 
conceal any change 

R B (case 8) received ammoacetic acid (15 to 30 Gm daily) and 
testosterone propionate (10 mg daily) for six weeks, then he received 
testosterone propionate by itself (10 mg daily for one month and 25 
mg three times weekly for two months) He was not seen at the 
conclusion of this treatment, but he thought that he was benefited by 
the therapy His sister believes that now, one year after treatment 
was begun, his hands are stronger than they were previously The 
fibrillary twitchmgs described by Slauck as occurring during adminis- 
tration of the combination of ammoacetic acid and testicular extract 
and the dramatic improvement which he apparently obtained were not 
seen m this patient 

F B (case 13) received too few injections of testosterone propionate 
for him to notice any effect on muscle strength, but he did complain of 
excessive erections 

Epmephrtne and an Epinephrine-Pilocarpine Mixture — Because of 
the improvement which it produced m the myotonia, epinephrine was 
given to observe its effect on muscle strength The epmephnne- 
pilocarpme mixture (one part of a 1 per cent solution of pilocarpine 
hydrochloride and two parts of a 1 to 1,000 solution of epinephrine 
hydrochloride solution) was used because of the improvement which 
it has been reported to produce m progressive muscle dystrophy 24 

23 Papanicolaou, G N , and Falk, E A General Muscular Hypertrophy 
Induced by Androgenic Hormone, Science 87 238, 1938 

24 Hough, G de N , Jr Progressive Pseudohypertrophic Muscular Dys- 
trophy Results of Treatment with Epinephrine and Pilocarpine, JAMA 
101 2113 (Dec 30) 1933 
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N At (case 2) was given 8 to 11 minims (049 to 0 67 cc ) of epi- 
nephrine subcutaneously twice weekly foi four months She felt 
benefited, and her family told her that she walked bettei Objectively, 
improvement, although not marked, did appeal to be piesent She was 
then given a course of fifty injections of 0 3 cc of the epmephnne- 
pilocarpme mixture (thiee tunes weekly ) Again the patient believed 
that she was definitely impioved, and it is tiue that at the time of 
writing, over a year after she began the tieatment, she appeals to be no 
worse and possibly somewhat impioved 

J B (case 6) received seveial injections of epinephrine and appeared 
definitely impioved The impiovement was especially noticeable in an 
increased ability to open doors 

Ephedune Sulfate — J M (case 10) and N P (case 12) both 
received ^ gram (0 025 Gm ) of ephedune sulfate for seveial weeks 
They were also receiving aminoacetic acid at the same time, and any 
change due to the ephedrme could not be detei mined 

Tliyt oid — O M (case 1) leceived 5 to 10 giams (0 32 to 0 65 Gm ) 
of thyroid for a period of ovei two years lie said that he noticed no 
impiovement from it, but accoiding to the lecoids of the physician who 
gave it to him, the mental and physical lelhaig} of this patient wcie 
maikedly decreased by the treatment 

CATARACT 

The cataract associated with dysliophia myotonica is adequately 
treated by operation The usual type of cataract exti action used m 
treating patients with senile cataiact is also suitable in the treatment of 
dystrophia myotonica The opeiation. should be left to the judgment 
of the suigeon In oui senes 1 patient had combined extractions, with 
a visual result of 20/20 with the propel coirecting lens In anothei, 
the exti action was mtiacapsular, by a modified Veihoeff method, with 
an equally satisfactoiy lesult No contraindication exists to operation, 
as there is no evidence of othei intraocular pathologic change 

SUMMARY OF TREATMENT 

The myotonia can be adequately treated by quinine m these patients, 
but the quinine does not influence the musculai weakness and atrophy, 
which pioduce the greatest disability Of the many medications used 
for their effect on the weakness and atrophy, the gieatest improvement 
resulted from anterior pituitary extract inj B (case 6), but anterior 
pituitary extract produced little if any effect m 2 othei patients Ammo- 
acetic acid, epinephrine and epinephrine with pilocarpine were believed 
by the patients to have been beneficial, although objective signs of 



WARING ET AL— DYSTROPHIA MYOTONIC A 


799 


improvement weie not so evident These drugs may have prevented a 
piogression of the condition Testosterone propionate was of ques- 
tionable value The benefits of ephednne sulfate cannot be appraised 
from our limited experience with it Thyioid has not been given suffi- 
cient tnal for its effect m ovei coming some of the symptoms of 
hypometabolism which these patients showed 

SUMMARY 

A detailed study of 13 patients with dystrophia myotonica is pre- 
sented A description of the type of heiedity is given, and the conclusion 
is drawn that the disease is tiansmitted as a single dominant factoi 
modified by “progiessive inheritance” The charactei istics of myotonia 
which distinguish it from simulating conditions aie described The 
typical pattern of the muscular atrophy is emphasized The rathei 
typical cataract is believed to be one of the earliest and most constant 
changes Various endocrine and metabolic changes which form part 
of the picture of the disease are described Mental changes in this 
group of patients did not appear to be impoitant or chaiactenstic It 
is shown m this series, as in some previously reported, that the inci- 
dence of cardiovascular changes as indicated by electrocardiographic 
observations is surprisingly high Radiologic studies of the gastio- 
mtestmal tract revealed nothing of significance The results of tieat- 
ment with quinine, ammoacetic acid, anterior pituitaiy extract, testos- 
terone propionate, epinephrine and epinephrine-pilocarpine nnxtuie and 
ephednne sulfate are reported 

Drs L E Daniels and J P Hilton, of the neurologic service, referred to us 
J B (case 6), N P (case 12) and S B (case 13) , Drs E A Schmidt and 
R R Anderson made the fluoroscopic and roentgenographic studies, Dr R C 
Lewis, professor of biochemistry, University of Colorado School of Medicine, and 
members of his department made the determination of the cholesterol content of 
the lens removed from N P (case 12) and also the many determinations of the 
blood chemistry and of the basal metabolic rate 



THE FORMATION OF URINE 


J GRAHAM EDWARDS, PhD 

BUITALO 

The foimation of mine is the lesult of the simultaneous occunence 
of thiee piocesses, only one of which is explicable m terms of known 
foices These piocesses are (1) glomeiular filtration, or the passage 
of a colloid-free filtiate of blood plasma through the glomeiular capillary 
endothelium and its investing squamous epithelium owing to an excess 
of hydrostatic ovei colloid osmotic piessure, (2) tubular excretion, or 
the passage of solutes from the plasma m the peritubular capillaries 
thiough the cells of the pioximal convolution of the tubule to its lumen, 
(3) tubulai resoiption, or the paitial iemo\al of solutes and vater 
from the lumen of the distal half of the tubule by its cells (the corrective 
conservation of certain solids and of water vastefully excreted by the 
renal corpuscle) 

The adequacy of these piocesses in the indispensable regulation of the 
composition of the plasma is dependent on the functional mtegntv of the 
glomeruli and tubules, as maintained normally by the free passage of 
blood through the complex glomeruli Occlusion of the latter (fig 12) 
or of their arterioles is followed by a bieakdown of the utal hetero- 
geneous equilibriums between tissue and fluids in the whole body 

This paper will present a discussion of the foimation of urine undei 
normal and undei diuretic conditions and of the present knowledge of 
the chief factois involved The data of the text and of the figures have 
been selected with care and in the hope that they are as reliable as is 
possible at the present time The text was designed to be separate from 
the figui es so that each might constitute an intelligible unit The order 
of presentation is as follows (1) the stiuctural basis of the formation 
of urine in man and in other veitebiates , (2) the lole of the blood plasma 
m the formation of urine, (3) glomerular filtration, (4) tubular excre- 
tion (secietion) and lesoiption, (5) diuietics, (6) diureses and renal 
oxygen consumption , (7) conclusions 

THE STRUCTURAL BASIS OF URINE FORMATION 

The Renal Unit m Man — There aie appioximately a million indi- 
vidual structures in the kidney, each composed of a glomerulus, or 
vascular unit, and a tubule (nephion), or epithelial unit (figs 1 to 4) 
The vascular unit is significant because of the large surface afforded for 
the passage from the plasma of water and solutes by its forty to fifty 


From the Department of Anatomy, School of Medicine, University of Buffalo 
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lionanastomosmg capillary loops, each about 9 microns m diameter and 
0 5 mm in length Blood enters and leaves these capillaries through an 
afferent and an efferent arteriole, respectively These arterioles are 
otherwise important because, owing to the smooth muscle of their walls 



Fig 1 — Interlobular renal architecture (Modified and ledrawn after Braus, 
H Anatomie des Menschen, Berlin, Julius Springer, 1924 ) 

and its innervation, they regulate functionally and with marked efficiency 
the glomerular capillary pressure (see also Goormaghtigh and Handov- 
sky 1 ) The lumens of both afferent and efferent arterioles near the 
glomerulus are, under uniform conditions, about 24 microns in diameter 

1 Goormaghtigh, N , and Handovsky, H Effect of Vitamin D 2 (Calciferol) 
on the Dog, Arch Path 26 1144-1182 (Dec ) 1938 
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Fig 2 — Structure of the human kidney (By the authoi and self-explanatory, 
except that m the inset, between and above the afferent and the efferent arteriole, 
the location of a part of the affeient arteriolar cuff and the epithelial plaque, respec- 
tively, should be noted These were first descnbed by Goormaghtigh [Les segments 
neuro-myo-arteriels juxta-glomerulaires du rein, Aicb de biol , Pans 43 575-591, 
1932] ) 
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after fixation Either may vary m size independently of the other as a 
lesult of one or more factois which maj separately affect their vails or 
contents 



Fig 3 — The architecture of the glomerulus (Modified and redrawn after 
Vimtrup, B On the Number, Shape, Structure and Surface Area of the 
Glomeruli in the Kidneys of Man and Mammals, Am J Anat 41 123-151 [March] 
1928 ) 



Fig 4 — Section of a renal corpuscle (By the author, self-explanatory) 
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Explanation or Figure 5 

The content and concentration relative to plasma of body fluids and the par- 
titions between them , pressures in millimeters of mercury 
The sources of the data in the upper section are as follows 
Plasma-Lymph Heim, J W On the Chemical Composition of Lymph from 
Subcutaneous Vessels, Am J Physiol 103 553-558 (March) 1933 

So um-Chest Loeb, R F , Atchley, D W , and Palmer, W W On the 
Equilibrium Condition Between Blood and Serous Cavity Fluids, J Gen Physiol 
4 591-595 (May) 1922 

Spinal Fluid Fremont-Smith, F , Dailey, M E. , Merritt, H H , Carroll, 
M P , and Thomas, G W The Equilibrium Between Cerebrospinal Fluid and 
Blood Plasma, Arch Neurol & Psychiat 25 1271-12S9 (June) 1931 Cocknll, 
J R Nonelectrolytes Their Distribution Between the Blood and the Cerebro- 
spinal Fluid, ibid 25 1297-1306 (June) 1931 

Serum-Aqueous Hnmoi (Man) Walker, A M Comparison of the Chemical 
Composition of Aqueous Humor, Cerebrospinal Fluid, Lymph, Inorganic Phos- 
phate, Uric Acid, Urea, J Biol Chem 101 269-287 (June) 1933 (Horse) Duke- 
Elder, W S XI The Biochemistry of the Aqueous Humor, Biochem J 21 
66-77, 1927 

Plasma-Glomeiulai Walker, A M, and Elsom, K A A Quantitative 
Study of the Glomerulai Elimination of Urea m Frogs, J Biol Chem 91 593-616 
(May) 1931 Bordley, J, III, Richards, A N , Walker, A M , Reismger, J A , 
Westfall, B B , and Findley, T Quantitative Studies of the Composition of 
Glomerular Urine VIII-XII, ibid 101 193-267 (June) 1933, 107.661-672 (Dec) 
1934 Churchill, E D , Nakazawa, F, and Drinker, C K The Circulation of 
Body Fluids in the Frog, J Physiol 63 304-30S (Aug ) 1927 

Plasma-Sweat McSwiney, B A The Composition of the Human Perspira- 
tion, Proc Roy Soc Med 27 839-848 (May) 1934 

The partitions, lowermost reading down and with stroma and capillary above 
each partition (first four), are as follows lymphatic capillary endothelium, pleural 
lining, epithelium of choroid plexus, ciliary epithelium, epithelium surrounding a 
portion of a glomerular capillary, and a cross section of the secretory portion of 
a sweat gland 

The references for the pressures are as follows 

Capillary Blood (Man) Landis, E M Capillary Pressure and Capillary 
Permeability, Physiol Rev 14 404-481 (July) 1934 

Plasma-Colloid Kylin, E Studien uber den kolloidosmotischen Druck lm 
Artenen und Venenblut, Arch f exper Path u Pharmakol 159 401-407, 1931 
Capillaiy Blood and Colloid Osmotic Presswe (Fiog) Landis, E M Capil- 
lary Pressure and Capillary Permeability, Physiol Rev 14 404-481 (July) 1934 
Glomerular Capillaiy Blood Hayman, J M,Jr Estimations of the Afferent 
Arteriole and Glomerular Capillary Pressures in the Frog Kidney, Am J Physiol 
79 389-409 (Jan ) 1927 

Intraocular (Man) Adler, F H Clinical Physiology of the Eye, New York, 
The Macmillan Company, 1933 The capillary blood pressures are approximations 
The figures 30 + 25 under plasma colloid osmotic pressure represent the colloid 
osmotic pressure of blood and the intraocular pressuie in the anterior chamber 
of the eye 
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Since, accoidmg to the pi evading conception, most of the renal blood 
must first pass thiough the glomeiuh befoie reaching the peritubular 
capillaries, what occurs dining such passage should be considered not 
as the initial or cential aspect in the foimation of mine but m 1 elation 
to subsequent events It is known, for example, that urinary water is 
denied from the plasma, chief!) while the lattei is passing through the 
glomerular capillaries The proteins of this dehydrated plasma normally 
do not pass m appi enable quantit) thiough the walls of these capillaries 
That wdnch pi events then passage is the mnei lavei of an apical modifica- 
tion of the tubule called the glomci ular capsule (Glomerulus and capsule 
constitute a renal coipuscle ) This capsule is a two-layered stiuc- 
tuie, each la)ei of which is composed of flat epithelial cells The innei 
la)ei, fonned by pioliferation in fetal life completelv imests the glo- 
meiular capillaries Capillary endothelium does not of itself normally 
prevent the passage of a ceitain amount of protein (note data for l)mph 
and plasma, fig 5) In the efferent arteriole and its initial peritubular 
capillaries the increased concentration ot piotein in the dehydrated 
plasma causes an inciease in colloid osmotic piessure while the hydro- 
static pressure is decreasing 01 minimal This situation favors some 
lesorption of the contents of that pait of the tubule supplied b) these 
capillaries but may be modified 01 made ineffective by the intervening 
cells and other factors 

Another question of interest concerns the existence of numerous renal 
ai tenovenous anastomoses 2 and the possible effect on the formation of 
urine of the blood that maj be shunted to the tubules without passing 
through the glomeiuh It is probable that glomerular capillary resistance 
to blood flow and, especiallv, the normal serial, tempoiar) cessation of 
Bow through about 25 per cent of the glomeruli 3 * * can so affect renal 
arterial pressuie that aitenal blood maj pass into anastomotic veins, 
iev eise the flow 7 ' of incoming capillaiy blood and reach the pentubular 
capillaries This would lestoie blood volume and raise the pressure m 
these capillaries, theieby favonng secretion Howevei, the spatial rela- 
tions of the two most dynamic and phylogenetically oldest segments of 
the tubule, i e, the pioximal and distal convolutions (fig 1), are such 
that it appeals impossible to interpret then dispaiate function in teims 
of blood supply or pressure 

The portion of the tubule w hich leads from the capsule is structurally 
and functionally the most difteientiated Its coriect designation is 
the proximal convolution with a descending limb Its cells transport 
certain of the plasma’s constituents directly to the lumen of this portion 

2 Spanner, R Ueber Gefasskurzschlusse in der Niere, Anat Anz (supp ) 
85 81-90, 1938 

3 Hayman, J M, Jr, and Starr, I, Jr Experiments on the Glomerular 

Distribution of Blood in the Mammalian Kidney, J Exper Med 42 641-659 

(Nov) 1925 
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and also are pi obably active m the synthesis of substances other than the 
airmoma and hippunc acid known to be foimed m the kidney The 
upper pait of the descending limb leads abiuptly into a straight, more 
deeply medullaiy poition of vanable length, which, because of its small 
diametei , is called the thm segment The thin segment attains its highest 
development in mammals Its cells ai e flat, although not so flat as those 
of the capsule, the lumen, theiefoie, constitutes most of its diametei and 



Fig 6 — Photomicrogiaphs of renal units isolated by the author Note the 
two tubules constituting the lower center figure, the one long and glomerular 
and the other short and aglomerular These two types are present in the same 
kidney and piesumably are simultaneously functional At the lower right are 
shown two aglomerular tubules from a kidney totally lacking glomeruli 

is about as latge as that of the adjacent, thick portions It is claimed 
that some of the watei m the lumen of this segment passes through its 
cells to the peritubular blood 4 

4 Gersh, I , and Stieglitz, E J Histochemical Studies on the Mammalian 
Kidney I The Glomerular Elimination of Ferrocyanide m the Rabbit and Some 
Related Problems, Anat Rec 58 349-367 (March 25) 1934 



808 


ARCHIVES OF INTERNAL MEDICINE 


The thin segment is also sharply demarcated from the ascending 
limb This limb extends, paiallel with the descending limb, fiom 
various levels in the medulla to its glomerulus in the cortex (fig 1) 
Here it 01 the initial portion of the distal convolution is attached by an 
elliptic plaque of nanow columnar cells to the vasculai pole of the 
corpuscle D and is succeeded by the coiled distal convolution proper Its 
cells are primarily active in the resoiption of water, while those of the 
distal convolution are similarly active in the 1 esorption of solutes 0 In 
the frog and the lat it is in the lumen of the middle thud of the distal 
convolution that the pn of the fluid, hitherto the same as that of 
plasma, drops as a result of the resorption of base, oi its equivalent 7 

In addition to the stiucturally diffeient paits of the tubule, there 
is good evidence that m the pioximal and distal com olutions theie aie 
several functionally discrete segments which have not been histo- 
logically recognized In the kidneys of the cat and dog the presence 
of fatlike globules or tacuoles m certain cells of the proximal con- 
volution and appaient changes in the contour of cell boundaries might 
properly be regarded as moie indicative of functional than of structuial 
specificity Other indications of such specificity in this convolution aie 
seen in human and other mammalian kidneys For example, by the use 
of suitable methods iron is noimally demonstiable in the cells of 2 to 3 
mm of the third quartei of the pioximal convolution After the intro- 
duction of large amounts of urea into the dog s or the lat (the only 
animals studied) the cells of 2 to 3 mm of the second quaiter of the con- 
volution aie definitely affected (fig 9) Also, in chionic nephritis and 

5 Goormaghtigh, N L’appareil nemo-myo-arterial juxta-glomerulaire du 
lem, ses reactions en pathologic et ses rapports avec le tube urimfiere, Compt 
rend Soc de biol 124 293-296, 1937 

6 (a) Okkels, H Differences entre les drverscs cellules du troisieme seg- 

ment du tube urinaire chez les vertebres, Bull d’histol appliq a la physiol 6 
12-33 (Jan ) 1929 ( b ) Edwaids, J G Functional Sites and Morphological 

Differentiation in the Renal Tubule, Anat Rec 55 343-367 (March 25) 1933 
(c) Feyel, P Sur l’evistence et le role de cellules speciales dans le segment 
mtermediare et le tube de Bellini du rem chez la souns, Compt rend Soc de biol 
115 1148-1151, 1934 ( d ) Walker, A M , Hudson, C L , Findley, T, Jr, and 

Richards, A N The Total Molecular Concentration and the Chloride Concen- 
tration of Fluid from Different Segments of the Renal Tubule of Amphibia, 
Am J Physiol 118 121-129 (Jan ) 1937 

7 (c) Montgomery, H , and Pierce, J A The Site of the Acidification of 

the Urine Within the Renal Tubule in Amphibia, Am J Physiol 118 144-152 
(Jan ) 1937 ( b ) Edwards, J G Demonstrable Functions of the Renal Tubule 

After It Has Been Segmentally Injured by the Action of Mercuric Chloride, ibid 
119 302 (June) 1937 

8 Hartman, F W Methods and Effects of Increasing the Ui inary Con- 
stituents in the Body, J Exper Med 58 649-662 (Dec ) 1933 * 
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after mercurial poisoning maiked changes (compensatory hypertrophy 0 
and injury, 713 lespectively) occur m segments of this convolution, with 
which is associated a diminution of the renal phosphatase content 9 10 
These structural and functional indications that each part of the tubule 
is m some specific way active m the formation of urine suggests two 



HORNED TOAD FROG GOLDFISH 



MARINE FISH 

MARINE FISH MARINE FISH MARINE FISH AGLOMERULAR 

Fig 7 — Diagrams of various renal units with insets which indicate something of 
the character of the epithelium of the units’ component segments 

queries 1 How do the cells of these paits in transporting water and 
solutes to and from the lumen of the tubule and peritubular capillaries 

9 Oliver, J , and Luey, A S The Morphology of the Abnormal Nephron m 
Terminal Hemorrhagic Bright’s Disease, Arch Path 18.777-816 (Dec) 1934 

10 Bram, R T, and Kay, H D Kidney Phosphatase Enzyme m Disease, 
Biochem J 21:1104-1108, 1927 
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oveicome osmotic or othei resistance such as should, to some extent at 
least, exist between luminal, cellulai, mteistitial and capillary fluids ? 
2 How do cells in one portion of the distal convolution which aie seem- 
ingly identical in structuie with those in an adjacent poition constitute a 
segment so specific m its selection of substance to be i esorbed that the p H 
of the lunnnal fluid of this segment is changed ? 

The Renal Unit m Othei V ei tebrates — Figures 6 and 7 show various 
lenal units The simplest unit is a coiled tubule which, throughout its 
length, is structuially similar to the pioximal convolution m the kidney 
oiall classes of vei tebrates This is the aglomei ular tubule The kidneys 
of certain fish contain tubules solelj of this type and excrete urine whose 
constituents are like those of the mine of veitebiates in general (fig 8) 



CERTAIN FISH 

Noo-orAgloaiuvbr 

Mesonephros 
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Glomerular 

Mesonephros 

TURTLE 

Glomerular 

Metanephros 

BIRD 

Glomerular 

Metanephros 
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Glomerular 

Metanephros 
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Glomerular 

Metanephros 

CONSTITUENT 
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URINE 
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17 
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10 
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16 

43 

48 
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50 
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Creatinine 

149 

426 

23 
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Sodium 

5560 

1880 


II 1 



2650 
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Potassium 

250 
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1370 

Calcium 
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17 0 
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600 


2816 



100 

150 

Magnesium 
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1790 


03 







30 

GO 

Phosphorus 

252 

54 

53 

69 

66 

516 

40 

360 

67 

646 

30 

1500 


Fig 8 — Analysis of the blood and urine of vertebiates, expressed in milligrams 
per hundred cubic centimeters The figuies aie original data of the authors 
except the anabases of the blood and urine of the fowl and man, for the acknov ledg- 
ment of which see Edwards, J G, and Condoielh, L Am T Phvsiol 86 383- 
398 (Sept ) 1928 


The glomerulai lenal unit is geneially composed of (1) a coipuscle 
(% 4) , (2) a neck segment, which in cold-blooded animals is shoit 
narrow and usually ciliated but in waim-blooded animals is meiel) a 
shaip transition fiom the squamous epithelium of the corpuscle to the 
columnar epithelium of the next segment, (3) a pioximal convolution 
composed of acid-slainmg, brush-boideied cells, which constitutes the 
longest subdivision of the tubule, (4) m cold-blooded animals an intei - 
mediate segment, which is usually interposed between the pioximal and 
the distal convolution and which aveiages 0 2 mm in length, oi, m 
waim-blooded animals, a thm segment, 1 to 10 mm long, which occupies 
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a similar locus in the tubule, (5) a succeeding distal convolution, com- 
posed of light-staining, more or less cuboidal cells (m the mammalian 
and to some extent m the avian kidney it is preceded by an ascending 
limb composed of similar cells) 

The lenal tubule of manne fish difteis in one major respect from that 
of fresh water fish and other veitebrates it lacks a distal convolution 



injections of S cc of a 20 pei cent solution of urea 

However, the mine of these fish and that of other veitebiates aie com- 
parable (fig 8) In manne and in fiesh water fish the tubules, or pioxi- 
mal convolutions, aie multisegmental and bisegmental, respectively, 
regardless of the relatively insignificant glomeiulai development m 
marine fish The glomerular tubule is stiucturally moie diffeientiated 
and is of gieatei length than the aglomeiular tubule 
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The pi oximal convolution is the only pait of the renal unit that is 
invariably present in the kidney of all classes of vertebiates This fact, 
and others pertaining to the tubule in general, seem to warrant inclusion 
of the data 11 given in the following tabulation and in the succeeding 


paragiaphs and tabulations 


Subject and Age 


umber Diameter, Microns 

Glomeruli per , , 

Renal Mnss, Ghen Renal Proximal 

Cc Mnss Glomeruli Comolutlon 


Premature birth 
Girl, 1 
Girl, 4 
Girl, 5 
Girl, 18 
Man, 32 
Man, 40 
Woman, 4C 


C 5 

122 

So 


21 0 

4G 

S3 

3S 

550 

18 

150 

53 

COO 

17 

140 

51 

115 0 

11 

100 

54 

120 0 

10 

213 

55 

130 0 

11 

105 

53 

120 0 

9 

10G 

C5 


The number of glomei uli pei cubic millimeter of i enal coi tex in man 
and the pig is 4 to 6 , in the rat and the guinea pig, 15 , in the crow, 90 to 
100 , in the duck, 230 to 300 , in the weaver bird, 400 to 450 These data 
indicate the relative space occupied by glomei uh and tubules in mam- 
mals and birds 

Measurements of various i enal units are given in the following tabula- 
tion m order to show, comparatn ely, the diameter m microns of the 
glomei ulus, G, oi vascular unit, the length m millimeters of the proximal 
convolution, PC, oi secretory unit, the length of the thin segment, TS, 
ascending limb, AL, and distal convolution, DC, which collectively are to 
be regarded as the lesorptive unit The total length of the tubule, TL, 
is also given 
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14 

C 

0 
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15 0 
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Ox 
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23 3 
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Pig 

240 
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5 

25 

10 0 

75 

12 5 

31 5 

Sheep 

ISO 

16 

8 

7 

20 

15 0 

90 

17 0 

33 0 

Rabbit 
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7 

0 

4 5 

08 

10 5 

53 

11 3 

IS 3 

Oat 
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9 

8 

G 

1 2 

14 0 

72 

15 2 

24 2 

Rat 

100 

11 

5 

8 

1 5 

13 0 

9 5 

14 5 
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Mouse 

80 

3 

0 

1 5 

07 

35 

22 

4 2 

72 
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5 

4 

25 
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05 

3 S 

78 

128 
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40 

6 

1 5 

35 

40 

5 0 

7 5 

90 
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Turtle 

60 
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1 4 



1 6 

36 
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38 
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32 

70 

Goldfish 

60 

2 
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1 5 



1 7 

37 

Marine fish 
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30 90 
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5 0 
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3 


f 





30 


Because, m general, in all classes of veitebrates, solutes and some 
watei are transported from pentubulai capillanes to the lumen of the 
proximal convolution, and (except in marine fish) water and solutes are 
transported from the lumen to peritubular fluid or capillary blood m the 
remainder of the tubule, the tubule is divisible functionally into a mini- 

11 von Mollendorff, W Handbuch der mikroscopischen Anatomie des 
Menschen, Berlin, Julius Springer, 1930, vol 7, pt 1, pp 1-374 
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mum of two segments namely, a proximal convolution or secretory unit 
and a distal convolution or resorptive unit In the foregoing data the 
lengths of these two segments are given in black letter type (PC, the 
length of the proximal convolution, and TS + AL -j- DC, the sum of 
the lengths of the remaining portions of the tubule) It is noteworthy that 
the length of the proximal convolution m mammals and m the cluck is 
less than the sum of the lengths of the lemammg portions, while the 



Fig 10 — Photomicrographs of renal units isolated by the author showing the 
extent and segmental character of the lesions in the proximal convolution induced 
by mercury under various conditions In A, from the glomerulus (knob) at 
top to X, m B and C, right, X to X, and in C, left, narrow portions except for the 
thin segment (normal) in the lower part of the third tubule from the left 


opposite is true in cold-blooded animals The different lengths of the 
resorptive portions piobably constitute the basis for the fact that mam- 
malian urine is normally hypertonic, that of the chick, hypertonic or 
isotonic, and that of the cold-blooded animals, definitely hypotonic 12 

12 Edwards, J G , and Condoreth, L Studies on Aglomerutar and Glomerular 
Kidneys II Physiological, Am J Physiol 86 383-398 (Sept) 1928 
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BLOOD PLASMA AND URINE FORMATION 

Blood plasma is the immediate souice of body fluids Then compo- 
sition lelative to plasma (fig 5) indicates that some aie filtrates Fil- 
trates aie colloid free but aie otheiwise identical in composition with the 



Fig 11 — Photonuciographs of a labbit’s kidney A shows well preserved 
upper portions of proximal convolutions and two lenal corpuscles whose outlet 
to the tubule has become occluded by connective tissue within three months after 
the injection of 10 mg of mercury In B is shown the character of the lesion 
observable in 2 mm of the lowei third of the proximal convolution in the kidney 
of the same animal 
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plasma, f 1 oin which the) ai e dei ived as the result of an excess of hydro- 
static over colloid osmotic pressure m the blood capillaries That fluids 
dei ived from plasma may diffei sigmficantl) from it in composition 01 m 
concenti ation is attnbutable to the charactei of the epithelial paititions 



Fig 12 — Diagrams of various stages in glomerular degeneration In A, B and 
C is indicated the decrease in numbei of glomeiuh (solid black) occurring in 
chiomc aitenoscleiotic nephritis In D, top, left, is shown a preglomerular branch 
of an efferent aitenoie, a looped shunt remaining aftei occlusion of the other 
glomeiulai capillaries, and the efferent arteriole with bifurcated termination In 
D, top, right, is shown a two-looped shunt between afferent (right) and 
efferent aiterioles The two middle diagrams in D represent a continuation of 
afferent and efferent arterioles, with marked atrophy of the slightly attached 
glomeruli The two lowei diagiams illustrate, left, an earhei stage m the 
glomerulai atrophy, right, a normal glomerulus In E, F and G are shown stages 
m the development of glomerular, intei capillary connective tissue resulting m 
occlusion of the capillaries and atrophy of the glomerulus (A, B and C, after 
Loomis, D Plastic Studies m Abnormal Renal Architecture IV Vascular 
and Parenchymal Changes in Arteriosclerotic Bright’s Disease, Arch Path 22 
435-463 [Oct ] 1936 D, six schematic diagrams by the author, based on the cited 
work of Loomis E and F, after Bell, E T A Text-Book of Pathology ed 3, 
Philadelphia, Lea & Febiger, 1928 G, after MacCallum, W G A Text-Book 
of Pathology, ed 6, Philadelphia, W B Saunders Company, 1936 ) 
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through which they pass 13 Squamous cells are pi esent at the site of the 
formation of approximate filtiates (in fig 5, under “Partitions,” note 
the lymphatic endothelium and the epithelial investment of a glomerular 
capillary) Also, m the development of the mammalian kidney, the 
epithelium of the inner layer of the glomerular capsule does not appear 
to function until it has become adequately squamous 14 

Several factors suggest that the fluid in the glomerular capsule is a 
filtrate For example, when the mtracapsular pressure equals the effec- 
tive filtration pressure (glomerular capillary pressure in excess of colloid 
osmotic pressure) formation of an appreciable amount of mtracapsulai 
fluid generally stops , likewise, such formation ceases when the 
hydrostatic capillary pressure equals the plasma colloid osmotic pressure 
The fluid in the glomerular capsule of cold-blooded animals is approxi- 
mately a plasma filtrate Data on the frog are given in table 1 Inde- 
pendent confirmation of the analysis of this filtrate is unfortunately 
lacking There is, nevertheless, considerable evidence that filtration is 
responsible for the presence of the mtracapsular fluid and, as such, consti- 
tutes an important aspect of urine formation However, this fluid should 
not be referred to as glomerular or provisional urine because a plasma 
filtrate is not urine Urme formation begins, continues and ends in the 
tubule, regardless of whether urinary constituents are immediately 
derived from mtracapsular or from peritubular fluid The processes 
involved in urme formation are commonly designated as filtration, secre- 
tion and resorption, but the formation of a plasma filtrate has nothing 
to do with its subsequent differentiation 

Recent studies of the kidneys of mammalian fetuses and of developing 
chicks show that the cells of the proximal convolution become functional 
before those of the glomerulai capsule 14 Just what functional changes 
may be initiated m the cells of this convolution or m the tubule as a 
whole, after the requisite flattening of the inner layer of the capsule and 
the coincident formation of mtiacapsular fluid, are at present entirely 
speculative 1 15 have called attention to structural and probable func- 
tional changes m the tubule contingent on its attachment to a glomerulus 

I conceive of urme formation as proceeding simultaneously in the 
several parts of the tubule, accompanied by the formation of an mtra- 
capsular filtiate During the passage of the latter through the tubule, 

13 Flexner, L B , and Stiehler, R D Biochemical Changes Associated with 
the Onset of Secretion in the Fetal Chorioid Plexus An Organization of Oxidation- 
Reduction Processes, J Biol Chem 126 619-626 (Dec ) 1938 

14 Gersh, I The Correlation of Structure and Function m the Developing 
Mesonephros and Metanephros, Publication 479, Carnegie Institution of Washing- 
ton, 1937, Contrib Embrvol (no 153) 26 33-58 (Jan) 1937 

15 Edwards, J G The Epithelium of the Renal Tubule in Bony Fish, Anat 
Rec 63 263-279 (Oct 25) 1935 
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some of it is resorbed and the remainder becomes urine (Other filtrates, 
comparable except for their content of protein or a difference m the con- 
centiation of their constituents relative to plasma, become such fluids as 
interstitial fluid or lymph, aqueous humor, cerebrospinal fluid and endo- 
lymph ) Fractions of the filtrable plasma pass simultaneously into the 
lumen of the tubule via the corpuscle and the cells of the proximal con- 
volution, to be returned in part to peritubular fluid or capillary blood by 
the cells of the remaining portions of the tubule There is no valid proof 
as yet that any constituent normally present m the urine arrives there 
from the plasma solely by passage thiough the renal corpuscle 

It is interesting that m the frog the dextrose which enters the tubule 
from the glomeiular capsule gradually disappears during its passage 
through the lumen of the proximal convolution, while at the same time 
and l'n the same area the concentration of urea increases 16 In other 
veitebrates (fish, an amphibian, the chick, anthropoid ape and man) it is 
presumed that dextrose disappears as the creatinine increases 17 (com- 
parably with urea in the frog) It is demonstrable that in the kidneys 
of diabetic persons glycogen is deposited in the cells of a segment of the 
proximal convolution When the cells of the latter are poisoned by the 
glucoside phlorhizin, dextrose is copiously excreted, but there is little or 
no change in the quantitative excretion of other urinary constituents A 
somewhat similar situation obtains when a poition of this convolution is 
affected by mercury Despite evidence that dextrose is resorbed by the 
cells of the proximal convolution, the possibility still remains that, instead 
of a direct transfer of this substance to peritubular capillaries, something 
quite different occurs 

All of the more pertinent and reliable data indicate that the concen- 
tration of the fluid in the lumen of the proximal convolution progressively 
increases as a result of the addition of solutes and possibly of the resorp- 
tion of a small amount of water This progressive concentration con- 
tinues more rapidly m the next two segments of the tubule as a result of 
the lesorption of a relatively large amount of water In the distal con- 
volution, solutes are resorbed 18 The speed of resorption by the cells of 
a segment of this convolution m the frog’s kidney has been shown by 
perfusing a single tubule with a 0 33 molar solution of sodium phosphate 
(pn 7 5) The /> H of the lummal fluid shifted from 7 5 to 6 8 in one 
minute 7a It seems probable that the fluid m the lumen of the tubule is 

16 Walker, A M , and Hudson, C L The Reabsorption of Glucose from 
the Renal Tubule in Amphibia and the Action of Phlorhizin upon It, Am J 
Physiol 118 130-143 (Jan) 1937 

17 Smith, H W The Physiology of the Kidney, New York, Oxford Uni- 
versity Press, 1937, pp 1-310 

18 Gersh and Stieglitz 4 Walker and others Gd Edwards 7b Gersh 14 
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never in osmotic equilibrium with plasma, although it may be in such 
equilibrium with peritubular fluid Therefore, the additions to this fluid 
and subtractions from it are made against osmotic gradients 

GLOMERULAR FILTRATION 

Commendable efforts have been made during the past few years to 
measure glomerular filtration, despite the failure of Rehberg and others 
in this connection A substance has been sought 19 which, without dis- 
turbing normal processes, would be excreted solely by filtration, without 
subsequent resorption Some investigators are now convinced that the 
polysaccharide inulm is such a substance If so, therefore, a reliable 
method is available for measuring glomerular filtration, for determining 
whether a given urinary constitutent is excreted by filtration alone or by 
filtration and tubular excretion and for estimating the degree of resorp- 
tion of the constituent and of water If a substance is filtered — that is, 
excreted — entirely via the corpuscle, the degree of its concentration m 
the urme will show the amount of water resorbed The amount of inulm 
excreted in the urine in one minute (rate of excretion) divided by the 
amount contained m 1 cc of plasma gives the volume of glomerular fil- 
tiate m cubic centimeters per minute (late of filtration) When two oi 
more substances, under a variety of conditions, are simultaneously 
excreted at rates identical in relation to their respective concentrations in 
the plasma it is claimed that such substances are excreted solely by filtra- 
tion, without resorption Further, if the plasma concentration of a sub- 
stance which is eliminated in part by the cells of the tubule (creatinine 
is said to be such a substance) is raised variably above its normal level, 
the amount eliminated can be reduced until it approaches that supplied 
by glomerular filtration alone 

Without stating the details of the results obtained by several investi- 
gators in studies of the mode of excretion of ceitam foreign and normal 
substances, the possibilities inherent in such excietion may be summarized 
as follows 

1 If a substance is excieted by filtration but is partially resorbed, 
the rate of its excretion will be less than the rate of filtration 

2 If a substance is excreted by filtration and by the tubule but 
is not resorbed, the rate of its excretion will be qieatei than the rate of 
filtration 

3 When a substance is excreted by filtration and by the tubule, if 
an amount is then resorbed equal to the amount excreted by filtration 
or by the tubule, the rate of excretion will be equal to the rate of 
tubular excretion or of glomerular filtration, respectively 

19 Jolliffe, N , Shannon, J A , and Smith, H W The Excretion of Urine 
in the Dog III The Use of Non-Metabohzed Sugars in the Measurement of the 
Glomerular Filtrate, Am J Physiol 100 301-312 (April) 1932 
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4 A substance may be excreted partly by filtration and partly by 
tubular excretion and may then be partially resorbed m such amounts 
that the rate of excretion is invariably less than the rate of glomerular 
filtration 

Whatever may be the mode of excretion of mulin, I am of the opinion 
that the precise mode of excretion of any normal urinary constituent has 
not been determined by the use of this substance 

TUBULAR EXCRETION 

This discussion of tubular excretion is based on data compiled by 
Smith 17 Just as mulin, a substance foreign to blood plasma, appears 
to be excreted by filtration alone, so another substance, phenolsul- 
fonphthalem (phenol red), also foreign to the plasma, appeals to be 
almost if not as completely excreted by the proximal convolution of the 
tubule, without being resorbed Of the amount of phenolsulfonphthalem 
administered 94 per cent is excreted by the tubule Since I have found 
that some of the dye is destroyed m the body or eliminated in the feces, 
the foregoing percentage may represent its total excretion m the urine 
The rate of its excretion when the plasma contains 01 to 10 mg per 
hundred cubic centimeters is much greater than that of mulin, although 
at such concentrations 80 per cent of the dye is bound to the albumin 
fraction of the plasma proteins The rate of excretion is independent of 
the rate of urme formation and does not increase m direct proportion to 
the concentration of phenolsulfonphthalem m the plasma Instead, as the 
concentration of phenolsulfonphthalem in the plasma is increased from 
1 to 20 mg or moie per hundred cubic centimeters its excretion by the 
tubule is progiessively decreased and, despite the increase in the 
amount of free dye at higher concentrations, the total excretion is 
reduced Such behavior is said to be characteristic of substances excreted 
by the tubule, regardless of their filtrability, but not of those excreted by 
the corpuscle Verne 20 noted similar excretory activity in the aglo- 
merular kidney 

Several organic compounds of iodine are also excreted by the tubule 
with remarkable efficiency 21 With regard to one of them (diodrast) it 
is said 22 that its excretion measures the effective renal blood flow (the 
volume of blood supplied to the secretory portion of the tubule), since 
this excretion is limited noimally by blood flow but not, within a wide 

20 Verne, J Contribution a l’etude des reins aglomerulaires , l’appareil renal 
des poissons lophobranches, Arch d’anat micr 18*357-407, 1922 

21 Landis, E M , Elsom, K A , Bott, P A , and Shiels, E H Simul- 
taneous Plasma Clearances of Creatinine and Certain Organic Compounds of 
Iodine in Relation to Human Kidney Function, J Clin Investigation 15 397-410 
(July) 1936 

22 Shannon, J A Renal Tubular Excretion, Physiol Rev 19 63-93 (Jan ) 
1939 



820 


ARCHIVES OF INTERNAL MEDICINE 


range, by the amount of the substance in the blood or by the excretory 
capacity of the tubule Excretion of phenolsulfonphthalem, however, is 
limited by the amount of secretory tissue but is not correlated with blood 
flow or the concentration of the dye in the plasma 

Thus it follows, and is of clinical interest, that the excretion of mulin 
may be used as a measure of glomerular filti ation , that of diodrast may 
be used as a measure (a) of renal blood flow and ( b ) (m conjunction 
with phenolsulfonphthalem or dextrose) of the amount of renal secretory 
tissue and of the functional state (normal or damaged) of the proximal 
convolution However, such use of diodrast is still more a hope than a 
realization 

The preferred excretion of certain substances (mulin, sodium ferro- 
cyanide) by the corpuscle and of others (iodine compounds) by the cells 
of the proximal convolution when all of them are completely filtrable — 
that is, they are not bound to plasma protein or of such molecular size as 
to limit their passage through the corpuscle — shows that filtrabihty can- 
not be a factor in their respective modes of excretion That the excre- 
tion of iodine compounds by the cells of the proximal convolution is more 
efficient than that of mulin by the corpuscle is evidence of the excretory 
potency of this part of the tubule This potency, together with the com- 
paratively great size and length of the convolution m mammals and other 
vertebrates, especially in compensatory hypertrophy, should cause reluc- 
tance to accept such evidence as now seems to indicate, or is interpreted 
to indicate, that most urinary constituents are excreted by the corpuscle 
The excretion of mulin may measure glomerular filtration, but, despite 
coincidences suggestive of a similar mode of excretion of other substances, 
it does not follow as yet that mulin can be reliably used to indicate 
the mode of excretion of normal urinary constituents 

Phylogenetically and actually, the tubule is responsible for the char- 
acter of urme, but this does not mean that selective and partial resoiption 
of a glomerular filtrate is the chief task which the tubule is normally 
required to perform, or that the initial and central feature in urme 
formation is glomerular filtration For, while the urme in extreme 
diuresis approaches a plasma filtrate in the concentration of its constitu- 
ents, a diuretic type of urme is excreted also by kidneys lacking glomeruli 
and distal convolutions 23 There is no reason to give pi ecedence to glo- 
merular filtration over the other processes of urme formation All three 
piocesses in the adult kidney are simultaneous and mutually interrelated, 
although developmentally the tubule is excretory before the corpuscle 
In the urine-formmg activity of the tubule, m both the aglomerular and 
the glomerular kidney, blood pressure is an incidental factor In the 

23 Bieter, R N Further Studies Concerning the Action of Diuretics upon the 
Aglomerular Kidney, J Pharmacol & Exper Therap 49 250-256 (Oct) 1933 
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filtrate-formmg activity of the corpuscle, however, blood piessure is the 
major factor These cucumstances and others should be consideied m 
the study of the total complex of the formation of urine 

DIURETICS 

Substances inducing an mciease in urine volume are definable as 
diuretics Their use thus far has not revealed new factois in urine 
formation or renal function but has vanably illustrated all the known 
factors Abnormal mciease or change in the peicentage composition of 
the constituents of blood plasma is usually followed by a diuresis in 
which solutes are reduced m peicentage but may be increased in total 
amount Such diuieses restore or tend to lestore the normal composition, 
pn, volume or osmotic pressure of plasma This emphasizes the nature 
of normal as well as of heightened renal function and is reflected m the 
composition or in the volume of the urine 

The cations of the fixed bases, sodium and potassium, are excieted 
with considerable water when present in excess in plasma Sodium, the 
predominant base m extracellular fluid, and potassium, that in intra- 
cellular fluid, are excieted (or retained) after changes affecting these 
fluids These ions seem functionally different in general metabolism and 
in their action on the cells of the renal tubule One indication of this 
difference is seen m adrenal insufficiency, m which excretion of sodium 
chloride and water is increased, while in the plasma potassium is 
increased and sodium chloride decreased The relative immobility of 
potassium and its unfavorable effect on the sodium balance appear to 
constitute the basis for the behavior of the two ions under normal condi- 
tions and under those of diuresis and edema 

The ingestion or injection of the chlorides of ammonium, calcium and 
magnesium causes an mciease of chloride m the plasma, a 1 eduction of 
bicarbonate and a lowenng of pu and osmotic pressuie The attendant 
diuresis is marked by the excretion of water and fixed base and/or 
ammonia of renal origin 

Dextrose, urea and sodium chloride act as diuietics because, m 
addition to then effects on the plasma, their mci eased excretion limits 
the resoiption of water from the lumen of the tubule Such diureses aie 
called “tubule” or osmotic diureses, m contradistinction to the “dilution” 
diuieses attributable to excessive filtration without compensatoiy lesoip- 
tion All diureses are the lesult of some antecedent changes which may 
affect singly or m combination the blood plasma and the cardiovascular, 
1 enal vascular and tubular systems Salts, dexti ose and urea are examples 
of “tubule” diuretics It is probable that most diureses ai e, m considerable 
pait, the result of increased filiation, which causes more of fluid to pass 
tluough the tubule than can be resorbed or of the osmotic resistance to 
water lesorption caused by the mci eased excietion of solutes The 
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methyl purines, such as caffeine, seem to affect all of the systems men- 
tioned, and therefore the urine may show the vanable effects of changes 
in these systems 

Mercurials, mercupurm and acidifying salts cause (a) changes in the 
blood plasma, which bring about marked increase in the excretion of 
chloride, ( b ) changes in the glomeruli, which result m an increased fil- 
tration not necessarily related to changes in the plasma, and (c) changes 
m the cells of the proximal convolution The diuresis is the product of 
increased filtration, secretion and osmotic resistance to watei resorption 
(the last is perhaps a result of the presence of excess chloride m the lumen 
of the distal half of the tubule) With reference to mercury, this statement 
is not invalidated by obviously inconclusive reports of (a) evidence against 
an increased rate of filtration m saly rgan diuresis , ( b ) the action of mer- 
cury on the isolated kidney and (c) the results of its injection into the 
renal artery of an anesthetized dog Increased volume and rate of flow 
of fluid through the lumen readily cause the lesoiptive capacity of the 
tubule to be exceeded When substances are excreted in amounts which 
impede their own resorption and that of water, there is small need for 
further conjecture legardmg the cause of the diuresis Mercury does not 
affect appreciably the resorptive capacity of the tubule Its action 
is limited chiefly to the proximal convolution, which has a minimal 
resorptive capacity The glycuretic diuresis which often results from 
the action of mercury is caused by the presence of abnormal amounts 
of dextrose and chloride m the lumen of that part of the tubule distal to 
the proximal convolution I have some evidence, however, that mercury 
can so affect this convolution that water and solutes pass as readily 
through its cells as through those of the corpuscle If so, a diuresis could 
occur owing to the increased volume of flow through the tubule, in excess 
of its resorptive capacity That the known capacity of the distal half 
of the tubule to resorb water, chloride, bicarbonate and possibly urea is 
but little, if at all, affected by the action of mercury is shown by appro- 
priate decrease in the volume or rate of flow through the tubule , by the 
work done in resorption during diuresis, and by the results from injec- 
tions of the antidiuretic hormone 

DIURESES AND RENAL OXYGEN CONSUMPTION 

Available data indicate that the kidney has a high metabolism, in 
some forms of diuresis it may consume as much as 10 per cent of the 
oxygen consumed by the whole body This is not surprising in view 
of the woik done by the cells of the tubule m secretion, synthesis and 
resorption In secretion, work is needed for the transfer of solutes from 
solutions presumably of higher to those of lower osmotic pressure while, 
at the same time and site, dextrose and perhaps phosphate pass through 
the lumen m the opposite direction It is improbable that any effective 
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filtration pressure obtains m the peritubular capillaries (except possibly 
for a short distance from the efferent arteriole) unless it is transmitted 
to them through arteriovenous anastomoses Therefore, resoiption, 
without work, could occur at least from the lumen of the middle third of 
the tubule (the thm segment and the lower part of the ascending limb) 
But soon the luminal fluid, because of the resorption of water, has a 
higher osmotic pressure than does the plasma, whose osmotic pressure 
decreases in consequence of this same resorption Accordingly, work 
must be done to transfer the solutes in the lumen fiom a higher to a 
lower osmotic pressure 

It is noteworthy that when diuresis occurs after mtiavenous injections 
of urea, sodium sulfate or phlorhizm there is said to be a marked increase 
m renal oxygen consumption Often, however, it does not occur when 
diuresis follows injections of Ringer’s solution or of sodium chloride 
Renal oxygen consumption increases in proportion to blood flow but not 
to urine flow 24 Increase m the rate of urea excretion is attended by an 
increase m blood flow, but, according to one investigator , 24 there is no 
increase m oxygen consumption The percentage of urea m the urine 
is also greatly reduced after injections of Ringer’s solution while that 
of sodium chlonde or of sodium sulfate is not During the diuresis of 
excessive filtration, contingent on a reduction of plasma proteins, the 
renal oxygen consumption is not increased In other words, there is no 
increase in work done by the tubule But when the proximal convolution 
is impaired by phlorhizm the accompanying diuresis involves a significant 
increase m oxygen consumption, although dextrose is presumably not 
resorbed by parts of the tubule other than this convolution, which under 
the action of phlorhizm cannot resorb it This seems paradoxic, since 
phlorhizm appears not to affect the excretion and relative resorption of 
other urinary constituents But account should be taken of the possibility 
that periods of heightened secretory activity m one part of the tubule 
may not coincide with similar periods of resorptive activity in another 
pai t , also, oxygen consumption by the cells of the proximal convolution 
may be reduced while that by the cells of the remainder of the tubule is 
not Therefore, an increase m oxygen consumption by one part of the 
tubule may approximate or be identical with a decrease m another part, 
without significant change in the total amount of oxygen consumed 
Since the glomerulus functions at the expense of the pumping heart while 
oxygen for the tubule is locally obtained, diuretics may not reveal con- 
sistent changes m renal oxygen consumption because of the important 
part played by the highly variable glomerulus m most diureses and 
because the limits of tubular activity are relatively fixed 

24 Van Slyke, D D , Rhoads, C P , Miller, A , and Alvmg, A S Relation- 
ships Between Urea Excretion, Renal Blood Flow, Renal Oxygen Consumption, 
and Diuresis* The Mechanism of Urea Excretion, Am J Physiol 109 336-374 
(Aug) 1934 
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CONCLUSION 

1 In the kidneys of all classes of veitebiates the pioximal convolu- 
tion is pnmarily secietory and is the onl> pait of the tubule invaiiably 
piesent The stiuctuie and functions of the tubule, when viewed phylo- 
genetically and when studied m health and in disease, would seem to have 
an importance much greater than is at present demonstrable m detail 
Compaiative renal studies dealing with the aglomerular kidney, and 
mauguiated by me in this connection, have been productive of much 
interest in secretion by the tubule It is hoped that eventually the actual 
role of the tubule in mine foimation will be established 

2 The phylogemc development of the corpuscle as the site of filtra- 
tion is related to that of the distal convolution as the site of resorption 
Filtiable substances m the plasma are excreted by the corpuscle regard- 
less of possible depletion of bod}'- fluids and consequent damage to the 
tissues The distal convolution, aided in birds and mammals by the thin 
segment and the ascending limb of the medullaiy loop, perfoims by 
resorption the function of salvage The hypotonic mine of cold-blooded 
animals indicates that theie has been resorption of relatively moie of 
certian solutes than of water, the hypei tonic mine of warm-blooded 
animals indicates the opposite 

3 A filtrable fraction of plasma is excreted into the lumen of the 
tubule by the coipuscle and by the cells of the proximal convolution 
Minimal amounts of piotem aie present m this fraction because the pas- 
sage of larger amounts is prevented by the epithelial wall adjacent to the 
glomerular and peritubular capillanes Many factors so affect filtration 
by the corpuscle, howevei, that albuminuria readily develops The 
extieme sensitiveness of this stiuctuie to such noimal or pathologic 
changes as those which occui in the chemical composition of plasma or m 
blood pressure, flow or volume is responsible foi confusing variations 
and dubious interpretations of its activity 

4 Diuretics are initially and chiefly effective by then duect or 
indirect action on one oi more of the components of the cardiovascular 
system Neither diuretic mine nor the subnormally concentrated urines 
foimed after renal injury should be legal ded as necessanly indicating 
impairment of the resorptive power of the tubule Urines of low specific 
giavity may be vanously formed as a lesult of excessive filtiation, of 
deci eased resoiption of watei or of increased resoiption of solutes 

5 It is not yet established that the formation of urine is primarily the 
lesult of filtiation and lesorption or that resorption is the chief function 
of the tubule as a whole 
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Since sulfanilamide has come into geneial use, a number of leports 
have appealed indicating that jaundice 1 and hemolytic anemia 2 aie 
toxic effects that may be encounteied One gams the impression fiom 
the majority of these reports that such complications are rarely encoun- 
tered and that they are piobably due to drug idiosyncrasy Long and 
his associates le observed but 2 patients with jaundice (without hemolytic 
anemia) among 408 treated with sulfanilamide In the material fiom 
the same clinic, Wood 2b noted that acute anemia developed in 21 
of 522 persons to whom the drug was administered He found the 
incidence of anemia to be 8 3 per cent in children as compai ed with 2 4 
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per cent m adults He ascribed the anemia in the 21 cases to hemolysis, 
because of the abrupt appearance of jaundice and urobilinuna In 8 
additional instances a “slow” type of anemia was encountered, which 
was similar to that previously described by Jennings and Southwell- 
Sander 3 Wood was unable to determine whether this type was due to 
sulfanilamide or to the underlying disease Erf and MacLeod 20 have 
recently reported a regular increase in the rate of hemolysis in patients 
with pneumonia receiving sulfapyridme 

The piesent study was made with the purpose of detei mining the 
effects of varying doses of sulfanilamide and sulfapyridme on hepatic 
function and hemoglobin metabolism We were primarily interested in 
determining whether the administration of either diug regularly pro- 
duced evidence of hepatic dysfunction and increased destruction of blood 
It was hoped that information would be obtained with respect to whether 
the occasional occurrence of jaundice and hemolytic anemia represents 
an accentuation of usual toxic effects or a true drug idiosyncrasy 

MATERIAL AND METHODS 

During the past two years we have recorded the therapeutic activity of 
sulfanilamide in 110 and of sulfapyridme in 44 cases of various types of infection 
Sixteen cases of distinct or marked jaundice were observed, all the patients 
were in the group receiving sulfanilamide Although this will convey some 
idea of the frequency of jaundice after sulfanilamide therapy, the figures just 
given cannot be looked on as representing a true incidence The great majority 
of the 110 patients treated were m the medical service of the University Hospital 
Several of the patients with jaundice, however, were in the surgical service or 
other services, and while we have seen all of the jaundiced patients, we recognize 
tnat an indeterminate number of patients not included m our records have been 
treated with sulfanilamide While the number of sulfapyndine-treated patients 
is an exact total, therapy had to be abandoned early in a considerable percentage 
of instances because of nausea and vomiting Therefore, although we have 
encountered no instances of jaundice following administration of sulfapyridme, it 
is realized that the number of patients given the substance in the doses usually 
effective is too small to permit definite conclusions 

The data to be piesented were obtained from two groups of cases 1 The 
first was composed of 8 patients who were selected for study prior to the admin- 
istration of sulfanilamide or sulfapryidine The nature of the infection in these 
cases was such that therapy could be postponed for a number of days, during 
which control observations were made Various determinations were made before, 
during and after administration of the drug They included determination of the 
value for plasma bilirubin, of the urobilinogen content of a twenty-four hour 
sample of urine , of the per diem amount of urobilinogen in the feces for consecutive 
four day periods, of the levels of free and total sulfanilamide or sulfapyridme m 
the blood, of the hemoglobin content, of the number of erythrocytes, and of the 
percentage of reticulocytes The value for urinary coproporphyrin was determined 
in 4 of the 8 cases 2 The second group of patients numbered 28 The data 

3 Jennings, G H , and Southwell-Sander, G Anemia and Agranulocytosis 
During Sulfanilamide Therapy, Lancet 2 898, 1937 
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obtained from this group are less complete and vary in extent in different instances 
The study m these cases was not planned as it was for the patients in group 1 , 
consequently the various observations which will be noted were usually made 
only after administration of the drug had been commenced and often only after 
the development of definite jaundice or anemia This group is composed chiefly 
of cases in which jaundice appeared after administration of sulfanilamide, in 3 
of the cases, as will be noted subsequently, the drug was placed in the peritoneal 
cavity at the time of operation in the hope of preventing peritonitis following 
perforation in the gastrointestinal tract Observations are included m which 
there was evidence of reduced hepatic function without jaundice, also, cases are 
included in which smaller doses of the drug were without untoward effect on the 
liver or on the blood 

Two additional cases of icterus were omitted because of the likelihood that 
pulmonary infarction was present Both of the patients suffered from patent 
ductus arteriosus and vegetative endocarditis 

The following methods were employed The blood sulfanilamide and sulfapyri- 
dine levels were determined by the method of Marshall and Litchfield 1 The 
urobilinogen content of the urine and feces was determined by the Terwen 4 5 
method as modified by Watson 6 The normal range of values with this method 
are 0 to 3 mg per day for the urine and 40 to 280 mg per day for the feces 
The urinary coproporphyrm was estimated m twenty-four hour samples of urine 
by means of the procedure described by Fikentscher, 7 slightly modified 8 This 
method depends on ether extraction of the acid urine, removal of the copro- 
porphyrin with dilute hydrochloric acid and quantitative determination by measure- 
ment of the intensity of red fluorescence excited by ultraviolet rays The 
measurement is made with a Zeiss Stujenphotometei and a standard copropor- 
phynn solution It is believed that the normal range with this method is 
30 to 100 y per day The value for plasma bilirubin was determined by the 
Jendrassik and Czike 9 modification of the van den Bergh method 10 The Zeiss 

4 Marshall, E K, Jr, and Litchfield, J T , Jr The Determination of 
Sulfanilamide, Science 88 85, 1938 

5 Terwen, A J L Ueber ein neues Verfahren zur quantitative Urobilin 
Bestimmung in Harn und Stuhl, und uber die Bereitung und die Eigenschaften 
von einem moglichst reinem Urobihnpraparat, Deutsches Arch f klin Med 149 
72, 1925 

6 Watson, C J : (a) Studies of Urobilinogen I An Improved Method for 
the Quantitative Estimation of Urobilinogen in Feces and Urine, Am J Clin 
Path 6 458, 1936, ( b ) II The Per Diem Excretion of Urobilinogen in Urine and 
Feces by Normal Individuals, and by Patients Having Diseases Not Primarily 
Affecting the Liver or Biliary Tract, Arch Int Med 59 196 (Feb ) 1937 , 
(c) III The Per Diem Excretion of Urobilinogen in the Common Forms of 
Jaundice and Liver Disease, ibid 59 206 (Feb ) 1937 

7 Fikentscher, R Quantitative Porphyrin — Bestimmung durch Lumineszenz 
mtensitatsmessung mit dem Stufenphotometer, Biochem Ztsclir 149 257, 1932 

8 Details of this modification will be described elsewhere 

9 Jendrassik, A C, and Czike, A Bestimmung des Bilirubins lm Blute, 
Ztschr f d ges exper Med 60 554, 1928 

10 In accordance with an obsenation made by Dr I J Pass, working in 
this laboratory, that maximum coupling is effected only if larger amounts of 
sodium nitrite are used in diazotizing the sulfamhc acid, we have employed 0 4 cc 
of 0 5 per cent sodium nitrite for each 9 6 cc of 0 5 per cent sulfamhc acid, 
rather than 0 1 cc as recommended by Jendrassik and Czike 9 



828 


ARCHIVES OF INTERNAL MEDICINE 


Stufenphotometer was employed as recommended by Heilmeyer and Krebs 11 
Because of the considerable variation m hepatic function, 12 the upper limit of 
normal is somewhat arbitrary, for the great majority of normal persons the 
range is fiom 0 30 to 10 mg per hundred cubic centimeters The value for 
hemoglobin was determined in terms of grams per hundred cubic centimeters 
by means of the Sheard-Sanford photelometer 13 Reticulocytes were counted in 
dry smears prepared in the following manner Thin, uniform smeais of a 1 
per cent alcoholic solution of brilliant cresyl blue were made on ordinary glass 
slides As soon as these were dry, very thin blood smears were superimposed 
on the dye in the usual way, the wet smears were at once placed m a moist 
chamber (a Petri dish or a staining jar containing wet filter paper on the 
bottom) After ten minutes the smears were removed and rapidly dried by 
whipping They were not counterstained, since we have noted a regular lowering 
of the reticulocyte percentage when this is done With this method the normal 
range is from OS to 15 per cent Data relating to the size and hemoglobin 
content of the erythrocytes were obtained by means of the Wmtrobe hematocrit 
tube 14 and the Pijper halometer (Zeiss) 

RESULTS 

The data for the 8 cases in group 1 have been recorded graphically and are 
shown in charts 1 to 6 inclusive The clinical data and laboratory findings in 
the cases of group 2 are given in table 1 Additional data relating to the 
erythrocytes are given in table 2 


COMMENT 

Hemoglobin Metabolism — This may be defined as the telation 
between the rates of blood destruction and blood regeneration as mea- 
sured by the output of urobilinogen in the feces and the reticulocyte 
percentage 12 Evidence of increased hemoglobin metabolism was noted 
in all cases in which data were obtained relative to the rate of blood 
destruction and regeneration A varying degree of increase of uro- 
bilinogen m the feces and of the reticulocyte percentage is noted in the 
data for cases 1 to 8, inclusive (charts 1 to 6) A marked increase of 
urobilinogen m the feces was likewise noted in cases 20 and 25 (table 1), 
m both of which the hemoglobin and erythrocyte levels rapidly declined 
Increases m serum bilirubin and urine urobilinogen which occurred are 
regarded as chiefly due to hepatic dysfunction and will be considered 

11 Heilmeyer, L, and Krebs, W Spektrophotometrische Untersuchungen des 
Ehrhch-Proscherschen Bilirubin — Azofarbstoffes und ihre praktische Anwendung, 
besonders zur quantativen Bestimmung des Bilirubins im Blutserum, Biochem 
Ztschr 223 352, 1930 

12 Watson, C J The Pyrrol Pigments with Particular Reference to Normal 
and Pathologic Hemoglobin Metabolism, m Downey, H Handbook of Hema- 
tology, New York, Paul B Hoeber, Inc , 1938, vol 4, p 2445 

13 Manufactured by the Central Scientific Co 

14 Wmtrobe, M M The Size and Hemoglobin Content of the Erythrocyte 
Methods of Determination and Clinical Application, J Lab & Clm Med 17 
899, 1932 
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CASE/ 


CASE 6 



I6g 

12 ^. 

51 

OX 


Chart 1 — Records of L G , a man aged 54 (case 1), and K B , a woman 
aged 48 (case 6) In the case of L G there was chronic brucellosis of eight 
months’ duration Marked improvement followed sulfanilamide therapy In 
the case of K B there was probable subleukemic splenic reticuloendotheliosis 
Sulfanilamide therapy was gnen for gluteal abscess following injection of liver 
extract 
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in this relation latei Exact correlation of the time of appearance and 
duration of increased hemolysis with the dosage and with the blood 
level of sulfanilamide was not possible because of varying lag m excre- 
tion of urobilinogen in the feces This is a variable which is incident 
to the rate at which the feces travel se the intestinal tract It is best 


CAS£1 



*t A hours in Ketterinq hypertherm 
cl Average value for December 24 25,26,27 


Chart 2 (case 2) — Record of J F , a man aged 37 There was chronic 
brucellosis (duration three years) No improvement followed sulfanilamide ther- 
apy or sulfanilamide plus fever therapy 

illustrated in case 8 (chait 5), in which constipation interfered with 
regular collection ot feces In this instance the amounts of urobilinogen 
noted for the four day periods ending on March 30 and April 3 were 
very small, probably because of the very small amounts of feces obtained 
by means of repeated enemas In the next period (April 4 to 6), how- 
ever, the bowel movements were spontaneous and regular, and a very 
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large amount of urobilinogen was noted in the feces There can be no 
doubt that part of this, at least, represented destruction of blood which 
had occurred during the earlier periods For this reason an average 
value for the three periods is lecorded 

In general, it is evident from the data on the 8 cases in group 1 
(charts 1 to 6) that mci eased hemolysis of some degree appeared within 
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Chart 3 (case 3) — Record of W R , a man aged 31 There was chronic 
gonorrheal arthritis Improvement followed sulfanilamide plus fever therapy 


foui to eight days after administration of sulfanilamide or sulfapyridme, 
that it was usually most maiked with higher blood levels of the drug 
or soon aftei the occunence of such levels and that it subsided within 
a few days after administration had been discontinued One exception 
has been noted m respect to time of subsidence, this was in case 2 
(chart 2) It is of considerable mteiest that in this case the urobilinogen 
content of the feces became markedly elevated during sulfanilamide 
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therapy, returning to normal within six days after admimstiation of 
the drug was stopped In a later period, a combination of sulfanilamide 
and fever therapy lesulted m a second elevation of urobilinogen in the 
feces, and the increased hemolysis persisted this time for sixteen days 
The cause of this persistence was not detei mined The data in general 
do not suggest that fever pioduces any increase m the hemolytic action 
of the drugs Tieatment with aitificially induced fever combined with 


CASE 4 



* lctwui index 5 

Chart 4 (case 4) — Record of C D , a man aged 39 There was chronic 
rheumatoid arthritis No improvement followed sulfanilamide therapy 

sulfanilamide m anothei instance (case 3 [chart 3]) was not associated 
with any greater mciease of hemolysis than was noted as following 
administration of sulfanilamide alone 

A comparison of the effect on blood destiuction of relatively large 
and small amounts of the drug during different penods has been earned 
out m but 1 instance (case 7 ) The patient received sulfapyridme In 
chait 6 it may be noted that the value for urobilinogen m the feces 
reached 744 mg per day within six days aftei a blood sulfapyridme level 
of 10 2 mg per hundred cubic centimeters had been attained The use 
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of the drug was discontinued for five days and then resumed with 
smaller doses (15 Gm daily for four days) At the end of this period 
the blood level was 6 2 mg per hundred cubic centimeters This was 
associated with a mild mciease of hemolysis lasting at least through 
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Chart 5 — Records of E S, a girl aged 17 (case 5), and B B, a man 
aged 32 (case 8) In the case of E S there was low grade chronic rheumatic 
fever The patient was unimproved after sulfanilamide therapy In the case of 
B B there was subacute bacterial (Streptococcus viridans) endocarditis The 
patient was unimproved after sulfanilamide and sulfapyndme therapy The sig- 
nificance of the averages indicated by the broken line is discussed in the text 


Jan 11, 1939 Fiom Januaty 19 until Febiuary 6, 0 5 Gm was given 
daily During this penod the fecal uiobihnogen lemamed at low' nor- 
mal le\els, and theie w'as no fuither ewdence of increased hemolysis 
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The fact that administration of sulfapyridme is followed by increased 
blood destruction (cases 7 and 8) is believed to be of significance with 
respect to the question of the possible relation of methemoglobinemia 
to increased output of urobilinogen in the feces In neither case 7 nor 
case 8 was cyanosis observed Although examination of the blood for 
methemoglobm was omitted, we believe that the absence of cyanosis 
excludes the presence of any appreciable degree of methemoglobinemia 15 
We have rarely observed methemoglobinemia m our patients receiving 


CASE7 



Chart 6 (case 7) — Record of R K, a woman aged 25 Subacute bacterial 
(viridans) endocarditis was present Temporary improvement followed sulfanil- 
amide therapy 

sulfapyridme Thus, it is highly unlikely that methemoglobinemia bears 
any relation to mci eased hemolysis This, of course, is also borne out 
by the frequent observation of marked cyanosis following administra- 
tion of sulfanilamide without development of any appieciable degree of 
anemia 

15 Watson, C J , Vigness, I, and Spink, W W Relation of Methemoglobm 
to the Cyanosis Observed After Sulfanilamide Administration, Proc Soc Exper 
Biol & Med 40 547, 1939 
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The values noted in case 6 (chart 1) require particular mention 
It is seen that mild hemolytic anemia of macrocytic type was present 
pnor to sulfanilamide therapy This was of the type not infrequently 
associated with leukemia and reticuloendothehosis 1G Shortly after sulf- 
anilamide therapy was commenced the urobilinogen content of the 
feces increased, and the anemia became much more marked The use of 
the drug was discontinued, after which theie was rapid decrease in 
jaundice, although the anemia gradually increased m association with 
a persistent elevation of the value for urobilinogen in the feces This 
persistence of increased hemolysis is regarded as part of the underlying 
disease, it may be pointed out that the values lecorded for Januaiy 
25 and 29 are still elevated when the total amount of circulating 
hemoglobin is considered 12 By that time, however, the rate of blood 
destruction had decreased sufficiently so that the increased reticulocyte 
percentage resulted in a distinct mciease of hemoglobin and erythiocytes 

It is noteworthy that the patient in case 6 exhibited marked neutro- 
penia pnoi to use of sulfanilamide but that piolonged admimstiation of 
the drug was not pioductive of any appreciable further decrease of the 
neutrophils 

The data in cases 1 to 8 indicate that the degiee of anemia is 
dependent primal lly on the degree of increased hemolysis and second- 
anly on the reticulocyte response The major drop in hemoglobin and 
red blood cells is seen to be related closely to the periods in which the 
largest amounts of uiobilinogen were found in the feces In general, 
there is evident coi relation between the degree and duiation of the 
anemia and the extent of the reticulocyte response In case 7 (chait 6), 
m which the reticulocyte response was relatively marked, no decline m 
the hemoglobin level occurred In case 5 (chart 5) an unexplained dis- 
crepancy was noted between the values for reticulocytes, hemoglobin 
and feces urobilinogen The last-mentioned value was slightly increased 
dm mg the period from December 16 to 20 A slight decline m the level 
of hemoglobin followed, and the percentage of reticulocytes then rose 
to 7 In spite of this evidence of active regeneration, the hemoglobin 
level did not increase, although the uiobilinogen determinations failed 
to leveal evidence of blood destiuction It is possible, of course, that 
moie than the usual absorption of urobilinogen m the intestine was 
taking place in this instance, and if this were true the rate of blood 
destruction would have been more lapid than was apparent 

Although it is clear from the foregoing facts that some degree of 
inci eased blood destiuction may follow administration of sulfanilamide 

16 Watson, C J Iiemohtic Jaundice and Macrocytic Hemolvtic Anemia 
Certain Observations in a Series of Thirt\-Fi\e Cases, Ann Int Med 12 1782, 
1939 
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or sulfapyridme given in adequate theiapeutic doses, our data on the 
size and hemoglobin content of the eiythiocytes indicate that the anemia 
which may lesult diffeis from both the familial, or spherocytic, and the 
secondary, 01 maciocytic, hemolytic anemias 16 The most significant 
difference is in hemoglobin content Instead of exhibiting a color index 
of 1 or above, tests revealed a value geneialty below 1 The color index 
was elevated m but 1 instance The patient (case 22) had mild macio- 
cytic anemia befoie sulfanilamide theiapy was commenced In case 2 
the color index was 1 0, but this declined to 0 89 during the second 
period of theiapy, when the hemoglobin level had again fallen In case 
6 it is perhaps notewoi thy that the color index fell from 1 06 to 0 95 


Table 2 — Data on Size and Hemoglobin Content of Eiythiocytes in 

Vanous Instances 


Case 


No 

Pate 

MOV 

MCH 

2 

2/15 

116 7 

34 8 


4/ 5 

100 7 

31 2 


4/27 

112 4 

32 8 

3 

2/24 

88 4 

30 S 


3/12 

99 3 

27 2 


3/15 

106 4 

32 2 


3/18 

97 9 

238 


3/21 

97 2 

27 0 


3/24 

93 3 

20 9 

4 

2/28 

101 6 

2S6 


3/12 

102 1 

28 0 


3/18 

95 6 

27 3 

8 

3/21 

1115 

33 0 


4/11 

1111 

31 8 


4/26 

116 3 

33 4 


MCC 

MOD 

Color 

Index 

Hematocrit, 
Per Cent 

30 0 

84 

10 

42 9 

311 

8 2 

092 

46 0 

29 2 

84 

0 96 

43 8 

34 9 


0 91 

387 

27 4 

81 

08 

42 3 

30 3 

81 

0 94 

416 

24 3 

81 

0 71 

411 

27 7 

83 

08 

38 2 

28 8 

81 

08 

40 3 

282 


084 

44 7 

27 5 

82 

083 

43 7 

261 

83 

0 81 

414 

296 

78 

0 95 

3S8 

28 6 

82 

0 92 

37 0 

287 

82 

0 95 

34 3 


MOV = Mean corpuscular volume 

MCH = Mean corpuscular hemoglobin 

MOO = Mean corpuscular hemoglobin concentration 

MOP = Mean corpuscular diameter 


aftei sulfanilamide therapy, m spite of a maiked mciease m the late of 
blood destruction with increasing jaundice and anemia While these 
variations are not regaided as significant m themselves, it is at least 
evident that the color index did not rise as might have been expected 
with hemolytic anemias of other causation Exact data as to size of the 
erythiocytes were available in cases 2, 3, 4 and 8 This is seen m table 
2 The values given m table 2 may be compared with the data for cases 
2, 3, 4 and 8, respectively, for the sake of correlation with the results 
of the other determinations which were made Although the number 
of cases studied is limited, the data indicate that the tendency is toward 
a macrocytic, hypochromic type of anemia Past experience with the 
Pijper halometei peimits us to conclude that 8 0 microns is the extreme 
upper limit of normal for mean corpuscular diameter m this vicinity 
Our normal range is fiom 7 5 to 8 0 Thus it is clear that in the 4 cases 
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just mentioned the mean coipuscular diameter and the mean corpuscular 
volume aie moderately mci eased, while the mean coipuscular hemoglobin 
concentration, m conformity with the color index, is slightly reduced 

The tendency to reduction of the color index and of the mean 
corpusculai hemoglobin concenti ation suggests that there is, in addi- 
tion to a heightened destruction of erythrocytes, a disturbance in the 
formation of hemoglobin In many other hemolytic anemias, for 
instance, that due to phenylhydi azme or distilled water, this is not the 
case, and m these the color index and hemoglobin concenti ation aie 
high One condition, however, is very similar, with respect not only to 
the size and hemoglobin content of the red blood cells but also to pigment 
metabolism This is the anemia of lead poisoning, which is likewise 
characterized by increased destruction of blood with relative reduction 
of the hemoglobin content of the erythiocytes 17 It is also of much 
interest that coproporphyrm III has been found to be excreted in the 
urme m cases of lead poisoning 18 and aftei admimsti ation of sulfanil- 
amide 19 This porphyrin, which conesponds m configui ation to the 
hemoglobin senes, may possiWy owe its formation to a disturbed 
hemoglobin synthesis 

Our data as legards urinary excietion of copiopoiphynn are limited 
to 4 of the cases of group 1 20 While the poiphynn deteimmations m 
these cases have not yielded mfoimation from which definite conclu- 
sions can be drawn, they are at least of value in levealing that the effect 
of sulfanilamide on poiphynn metabolism is by no means a constant 
one In case 1 it is seen that a questionably significant rise of unnaiy 
porphyrin followed the administration of sulfanilamide and that a 
maiked diop had occuired two days after its discontinuance This drop 
was associated with maiked clinical improvement, and the patient has 
remained in good health The quantitative deteimmation of urinary 
porphynn includes the isomeiic copiopoiphyrms I and III but does not 

17 Aub, J C , Fairhall, L T , Minot, A S , and Rezmkoff, P Lead 
Poisoning, Medicine 4 1, 1925 Hirschfeld, H Symptomatische Blutverander- 
ungen, in Schittenhelm, A Handbuch der Krankheiten des Blutes und der 
blutbildenden Organe, Berlin, Julius Springer, 1925, vol 1, p 189 

18 Grotepass, W Zur Kenntnis des in Ham auftretenden Porphynns bei 
Bleivergiftung, Ztschr f physiol Chem 205 193, 1932 Fischer, H , and Duesberg, 
R Ueber Porphyrme bei klinischer und experimenteller Porphyrie, Arch f 
exper Path u Pharmakol 166 95, 1932 Watson, C J Concerning the 
Naturally Occurring Porphyrins IV The Urinary Porphyrin in Lead Poisoning 
as Contrasted with That Excreted Normally and in Othei Diseases, T Clin 
Investigation 15 327, 1936 

19 Rinungton, C Porphyrinuria Following Sulfanilamide Sulfanilamide 
Deimatitis, Lancet 1 770, 1938 

20 Further study of the effect of sulfanilamide on porphjrm metabolism is in 
pi ogress 
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distinguish between them It is quite possible that the mild increase in 
porphyrin noted even before administration of sulfanilamide was due to 
excessive excretion of coproporphyrin I related to mild hepatic dysfunc- 
tion 21 Disturbance of hepatic function has been noted m cases of 
brucellosis 22 

In case 3 (chart 3) a definite although not marked increase m 
urinary coproporphynn is noted, occurring soon after sulfanilamide 
therapy was commenced This is of questionable significance, however, 
since the twenty-four hour amount soon decreased to the level observed 
before the drug was given In case 4 (chait 4), an instance of severe 
rheumatoid arthritis, the value was considerably elevated before treat- 
ment with sulfanilamide was commenced Shortly thereafter a marked 
further increase was noted, and associated with this a toxic rash of 
morbilliform type appeared The use of the drug was discontinued, but 
the coproporphynn excretion remained elevated At the same time the 
urobilinogen content of the feces returned to normal It is of interest 
that no elevation of the serum bilirubin and only a mild increase of the 
urine urobilinogen occurred m this case A distinct increase in the rate 
of blood destruction was noted, however In case 5 (chart 5) no signifi- 
cant variations in the level of urinary coproporphynn were noted before, 
during or after therapy It may be of impoitance that m this case 
relatively little effect was noted on either hemoglobin metabolism or 
hepatic function 

Hepatic Function — As has been noted, jaundice has been observed 
only in the group of patients receiving sulfanilamide We cannot exclude 
the possible occurrence of slight elevation of the serum bilirubin m some 
of the sulfapyndme-treated patients, as we have made frequent deter- 
minations m but 2 cases (7 and 8 in group 1) In neither of these 
cases was there any increase of serum bilirubin, although relatively 
large doses of the drug were given and blood levels of 10 to 12 
mg per hundred cubic centimeters were attained In contrast to cases 
7 and 8 are cases 1 to 6 Significant elevation of the level of serum 
bilirubin was noted in 5 of these (all except case 4) In case 8 (chart 5), 
during administration of sulfapyridme, a sustained level of 8 to 12 mg 
per hundred cubic centimeters of blood sulfapyridme was attained 
without elevation of the serum bilirubin After an interval, as is shown 
in chart 5, sulfanilamide was administered, and the serum bilirubin 
mounted to 1 49 mg per hundred cubic centimeters 

21 Watson, C J The Porphyrins and Their Relation to Disease Porphyria, 
in Christian, H A Oxford Medicine, New York, Oxford University Press, 
1938, vol 4, chap 9-a, p 228 

22 Mettier, S R , and Kerr, W J Hepatitis and Cholecystitis m the Course 
of Brucella Infection Report of a Case, Arch Int Med Si 702 (Nov ) 1934 
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While further investigation is necessary to deteimme whether 
sulfapyndine causes jaundice, the present observations reveal that the 
condition is at least much less common after its use than after the use 
of sulfanilamide 22a 

We regai d jaundice as an evidence of at least relative dysfunction 
of the liver Just as in certain cases of familiar hemolytic anemia the 
liver remains equal to the task of excreting the increased amount of 
bilirubin m the bile and jaundice fails to appear, 10 sulfanilamide or 
sulfapyndine may cause increased hemolysis of considerable degree, 
with increase of uiobilmogen m the feces but without elevation of the 
serum bilirubin This is seen in cases 4, 7 and 8 In the 16 cases m 
which jaundice was noted after sulfanilamide, the van den Beigh reac- 
tion was of the direct type, often biphasic Since there was no question 
of mechanical obstruction in these instances, the dnect van den Bergh 
leaction may be regarded as conciete evidence of regurgitation jaundice 
due to damage to the liver 

The regular and often maiked elevation of the urobilinogen content 
of the urine after sulfanilamide therapy is legarded as further evidence 
of parenchymal damage to the liver It is clear (chart 5) that even 
extreme urobilmogenuria may occur without any regurgitation jaundice 
and even without hepatocellular dysfunction as regards bilirubin excie- 
tion (case 8) Although there can be no doubt that inci eased hemolysis, 
with lesultant increased foimation of urobilinogen m the bowel, piedis- 
poses to urobilmogenui la, it is believed, as has been stated m detail 
elsewhere, 12 that some degree of dysfunction of the liver is necessary 
to the appeal ance of appreciable mci eases of urobilinogen m the mine 
In 2 cases (3 and 5) significant elevation of the level of seium bilirubin 
was noted without uiobihnogenuria The reason for this is not clear, 
but it can only be assumed that certain livers dispose of uiobilmogen 
more readily than of bilirubin The possibility of a disturbance in the 
absorption of urobilinogen from the bowel must also be considered 

Fevei, eithei natuial or artificial, does not appear to be cori elated 
m any way with elevation of the bilnubm content of the seium or of 
the urobilinogen content of the urine In case 2 the values for urine 
urobilinogen were somewhat highei during the second period, m which 
sulfanilamide and artificial fever weie combined It is doubtful, how- 
ever, that the difference between the first and the second period is 
significant when it is considered that there are many other causes of 
spontaneous fluctuation in the degiee of urobilmogenuria 23 In case 3 

22a Onlv 1 instance of jaundice following administration of sulfapyndine has 
been observed during the nine months since this paper was written In this period, 
approximately 150 additional patients have been treated with sulfapjndme 

23 Watson, footnotes 6 b and c and 12 
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no increase occuned m spite of lepeated fever treatments plus admm- 
lstiation of sulfanilamide 

Although the degree of fevei alone is not con elated with evidence 
of dysfunction of the liver, we have been impressed by the greater 
frequency with which jaundice and uiobihnogenuria have been noted m 
patients who might be classified as relatively very ill or toxic when given 
sulfanilamide, as contrasted with patients who were relatively nontoxic 
The only instance of outspoken jaundice in group 1 was in case 6 (chait 
1 ) , the patient was in a very serious condition and showed slight eleva- 
tion of the serum bihiubm when administration of sulfanilamide was 
commenced A similar sequence of events is noted m case 16 of group 2 
Of the 16 patients m gioup 2 in whom mild to maiked jaundice was 
observed, all were very ill or toxic when administration of the drug 
was begun It is notewortlty that extreme degrees of jaundice were 
noted m cases 11 and 12 (table 1), in both of which sulfanilamide was 
placed directly m the pentoneal cavity at the time of opeiation In 
these cases it is safe to conclude that hepatic damage of some degree 
had already occurred before operation, since m both cases there was 
undoubtedly drainage of damaging substances directly into the portal 
cnculation Icterus appealed only postopeiatively, and the intensity 
was such that there could be little doubt that sulfanilamide had been 
an important factor in its development We consider it unlikely, how- 
ever, that similarly intense icterus would have developed in the absence 
of the primary disease Thus, in case 28 of gioup 2 (table 1), it may 
be noted that jaundice did not appear, although an equally large amount 
of sulfanilamide was placed m the peritoneal cavity and lelatively large 
amounts of the drug weie given intravenously after opeiation Two 
dififeiences may explain the absence of jaundice m this case m contrast 
to the deep jaundice m cases 11 and 12 The first is that the blood 
level of sulfanilamide did not become elevated to a marked degree as it 
did m cases 11 and 12 The second diffeience was that the patients m 
the latter cases were much more toxic and their infection was not as 
well localized 

In the medical service sulfanilamide has been given in but 1 case 
m which distinct jaundice was noted pnor to therapy This was case 
20 As is noted in table 1, sulfanilamide had been given to this patient 
during two four day periods before admission to the University Hospital 
At the time of admission the patient was comatose and distinctly 
jaundiced The icterus index was 32 Suppoitive measuies were of no 
avail, and since it appeared evident that the patient would die of 
hemolytic streptococcus septicemia, more sulfanilamide was given, 
starting with an initial amount of 4 Gm It is seen that the icterus index 
increased to 68 within forty-eight houis Death occuned on the sixth 
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day of hospitalization The relative impoitance of the infection and 
of the sulfanilamide in the pioduction of jaundice m this case cannot 
be determined 

We have not observed any strict correlation of the data for serum 
bilirubin or mine uiobihnogen with those for the free 01 total blood 
sulfanilamide or sulfapyi ldme levels The values noted in case 3 are of 
interest in this lespect It is seen that the serum bilirubin rose to 2 17 
mg per hundred cubic centimeters at the end of the first couise of 
therapy The blood sulfanilamide level had now fallen to 7 7 mg pei 
hundred cubic centimeters from a peak of 17 4 mg nine days eailiei, 
at which time the serum bilirubin was at a normal level A distinct 
although slight rise of the urine urobilinogen occurred m this first 
penod During the second penod, in which the patient was also sub- 
jected repeatedly to artificial fever, the blood sulfanilamide level rose 
to 23 mg per hundred cubic centimeteis, but theie was no increase of 
either serum bilirubin or urine uiobihnogen 

In cases 10 and 26, small doses of sulfanilamide used in treating 
infections of the urinai y tract appeared to exert no influence on the func- 
tion of the liver In neither case did jaundice or urobihnogenui la appear 
We have not obseived jaundice m any adult receiving less than 3 Gm 
of sulfanilamide per day, and increases of urinai y urobilinogen have not 
been observed in such instances It appears, theiefore, that there may 
be some coi relation with the amount of the diug given Our lesults 
indicate that when doses of 4 to 8 Gm of sulfanilamide aie given daily, 
some disturbance of hepatic function may be expected m most instances 
The degree of disturbance piobably depends on two factois (1) indi- 
vidual variation m susceptibility to the diug and (2) the toxicity of the 
underlying disease, paiticulaily the extent of its toxic efifect on the 
livei 

CONCLUSIONS 

1 Sulfanilamide m customaiy theiapeutic doses usually causes 
acceleration of the metabolism of hemoglobin characterized by an 
mciease of urobilinogen in the feces and a varying mciease in the 
leticulocyte percentage The most maiked acceleration of hemoglobin 
metabolism is represented by the unusual cases m which outspoken 
hemolytic anemia occuis This condition is therefore to be regarded 
as a much moie marked degree of a usual toxic efifect of the drug 
Limited data indicate that sulfapyndme has the same efifect as sulfanil- 
amide on hemoglobin metabolism 

2 The occunence of maciocytic or noimocytic, mildly hypochromic 
anemia after administration of sulfanilamide or sulfapyndme indicates 
a disturbance m hemoglobin formation m addition to increased hemolysis 
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3 In many persons the administration of sulfanilamide m the usual 
doses is followed by some evidence of dysfunction of the liver, such as 
ui obihnogenuna, elevation of the serum bilirubin or outspoken jaundice 
The last-mentioned condition is in part of the regurgitation type, as is 
evidenced by the frequent occurrence of a dnect van den Bergh reac- 
tion Sixteen cases of jaundice following sulfanilamide therapy have 
been encountered But 1 instance has been noted m which jaundice fol- 
lowed use of sulfapyndme 22a Administration of sulfapyndme has not 
resulted in any elevation of the seium bilirubin in 2 cases in which 
frequent determinations were made befoie, dui mg and after admin- 
istration of the drug This is in contrast with the results m the group 
treated with sulfanilamide, m which significant elevation of the seium 
bilirubin was usual Although the data on sulfapyndme aie as yet too 
limited to permit definite conclusions, theie is leason to believe that this 
drug may not be as disturbing to hepatic function as is sulfanilamide 
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PHYSIOLOGY OF THE BILE ACIDS 

The bile acids aie formed in the liver and may be considered the 
specific secretion of that organ In consequence they are recognized as 
the most charactenstic constituent of the bile The literature relative 
to the metabolism of the bile acids has been summanzed in the past by 
Stadelmann 1 and Whipple 4 and most recently by Sobotka 5 The recent 
hteratuie on the chemistiy of the bile acids was leviewed in 1936 
(Greene 0 ) Since the last two repoits theie has been increasing prog- 
less in this field These studies may be summarized undei several 
different headings (1) expenmental and clinical studies on the effect 
of diet on the secretion of bile, (2) the postopeiative concentiation of 
bile salts m human bile, (3) the excretion of intravenously injected 
cliolates, (4) expei ltnental and clinical studies on the effect of the 
administration of bile salts on the composition of bile, and (5) the thera- 
peutic use of bile salt preparations 

The fii st reported obseivations on the volume and composition of the 
bile weie made on patients m whom biliary fistulas had developed spon- 

Frora the Clinic for the Study of Diseases of the Liver and Biliary Tract of 
the Department of Medicine and the Department of Surgeiy, New York Post- 
Graduate Medical School and Hospital, New York, and the Long Island College 
Division of the Kings County Hospital, Brooklyn 

1 Stadelmann, E Der Icterus und seme versclnedenen Formen nebst 
Beitragen zur Physiologie und Pathologie der Galiensecretion, Stuttgart, Ferdi- 
nand Enke, 1891 

2 and 3 Footnotes have been deleted 

4 Whipple, G H The Origin and Significance of the Constituents of the 
Bile, Physiol Rev 2 440-459, 1932 

5 Sobotka, H Physiological Chemistry of the Bile, Baltimore, Williams & 
Wilkins Company, 1937 

6 Gieene, C H Lner and Biliary Tiact A Review of Certain Recent 
Contributions, Aicli Int Med 57 1039-1054 (May) 1936 
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taneously, usually as a result of external rupture of an abscess A 
hunched years latei the development of modern surgical methods of 
cholecystotomy and cholecystectomy permitted the study of factors 
affecting the volume and composition of human bile 

A bile fistula in a patient is not necessarily complete There usually 
is associated disease of the liver or of the bile ducts, and it is difficult to 
regulate the diet and activity of the patient so as to obtain unequivocal 
results 

Such observations led Douglas, 7 in 1817, and Biddei and Schmidt, 8 
m 1852, to the experimental production and study of biliary fistulas in 
animals The early bile fistulas were complicated by the presence of the 
gallbladder, which may influence maikedly the charactei of the bile 
diamage Even when the gallbladder was removed and associated infec- 
tion avoided, McMaster, Brown and Rous 0 found marked and inexplica- 
ble variation m the daily output of bile 

Kocour and Ivy 10 report that by further improvements in the detail 
of the methods of collecting bile they have been able to obtain consistent 
and reproducible results under similar experimental conditions They 
used female dogs and prepared their bile fistulas by a modification of the 
method of Rous and McMaster 11 During the experimental period con- 
tinuous suction was applied to the fistula tube to prevent possible block- 
ing Using this method, Kocour and Ivy 10 report that under similai 
experimental conditions the secretion of bile did not vary more than 
4 per cent They report that the volume of bile secreted by the liver 
under controlled experimental conditions is as constant as the secretion 
of any of the external secretory glands 

The secretion of bile varied with the diet and the amount of bile 
returned to the intestine It was lowest (6 to 10 cc per kilogram per 
day) when the animal was fasting and there was no return of bile On a 
mixed diet but without return of bile the output ranged from 13 to 18 cc 

7 Douglas, L Operations on the Liver and Other Secreting Glands, 
M Repository 4 283-286, 1817 

8 Bidder, F, and Schmidt, C Die Verdauungssafte und des Stoffwechsel, 
Leipzig, G A Reyher, 1852 

9 McMaster, P D , Biown, G O, and Rous, P Studies of the Total Bile 
I The Effects of Operation, Exercise, Hot Weather, Relief of Obstruction, Inter- 
current Disease, and Other Normal and Pathological Influences, J Exper Med 
37 395-420, 1923 

10 Kocour, E J , and Ivy, A C The Effect of Certain Foods on Bile 
Volume Output Recorded in the Dog by a Quantitative Method, Am J Physiol 
122 325-346, 1938 

11 Rous, P , and McMaster, P D A Method for the Permanent Sterile 
Drainage of Intra-Abdominal Ducts, as Applied to the Common Duct, J Exper 
Med 37 11-19, 1923 
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pei kilogiam pei day, whereas on a mixed diet with a return of a stand- 
ard amount of bile to the intestine it langed fiom 24 to 27 cc pei 
kilogiam pei day 

Hot weather had no effect on the volume of the bile when the appetite 
was uiumpaued The drinking of watei oi the mtiavenous injection of 
0 5 pei cent sodium chlonde solution likewise was without effect 

Mixed diet stimulated the output of bile, and meat was the most 
potent food, whether taken alone oi added to a mixed diet Beef livei 
was more effective than muscle or beef heait Olive oil mci eased the 
output of bile in fasting dogs, but this effect w r as not obseived when 
the dose was lepeated oi w r hen the oil w r as added to a mixed diet 
Dextiose adnunisteied to a fasting animal pioduced a 20 to 30 pei cent 
deciease m the output of bile When dextrose w 7 as added to a mixed 
diet, theie was no chaiactenstic change in the secietion of bile How- 
ever, if the secietion of the livei w r as stimulated by the giving of bile, 
and dextiose was then injected inti avenousl) , the secietion of bile 
was mci eased 

The most maiked mci eases in the volume of the bile followed the 
adnnnisti ation of bile Because of gieatei concentration of bile acids, 
bile fiom the gallbladdei was a stiongei stimulant than bile fiom the 
hepatic ducts 

Schmidt, Beazell, Beiman, Ivy and Atkinson, 12 continued these 
studies, but m addition to measunng the volume of the bile they 
determined the daily exaction of bile acids as cholates, cholesteiol and 
pigment Under standaid conditions without letuin of the exacted bile, 
the output of these vanous biliaiy constituents was quite constant The 
daily output of bile acids vaned fiom 1 2 to 19 Gm , but when all the 
bile was letuined to the duodenum the output was mci eased to 6 5 to 
9 0 Gm Fiom this, Schmidt and his associates concluded that while 
theie is an activ e entei oh spa tic cuculation of bile acids, fiom 10 to 15 
pei cent is lost on each cncuit This loss is compensated by the bile 
foimed endogenously and fiom the diet, and the output is moie or less 
constant 

Ati opine and acetylbetamethylcholine pi evented the mci ease in 
volume and cholates that noimally followed a mixed meal 

Companion studies m patients with bile fistulas have been lepoited 
by Zuckerman, Kogut and Jacobi, 13 w 7 ho observed that in a patient with 

12 Schmidt, C R , Bea7ell, J M , Berman, A L , Ivy, A C, and Atkinson, 
A J Studies on the Secretion of Bile, Am J Physiol 126 120-135, 1939 

13 Zuckci man, I C , Kogut, B, and Jacobi, M Studies in Human Biliary 
Physiology I Fasting Rate and Quantity of Bile Secretion, Am J Digest Dis 
6 183-1S5, 1939 Jacobi, M , Zuckerman, I C , and Kogut, B Studies m 
Human Biliary Physiologj II The Effect of Food Factors and Orally Admin- 
istered Bile on the Rate and Quantity of Bile Secretion, ibid 6 270-274, 1939 
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an apparently normal liver the hourly rate of flow was fairly legular 
except for slight diminution during the night The late of secretion 
was not affected by changes in the intake of watei When carbohydrate 
was fed, there was no increase m the volume of bile A mixed hospital 
diet or a diet high in fat produced a moderate increase in the output of 
bile, but the most maiked change followed the use of a diet high in 
protein The oral administration of bile produced a further mciease 
m the output of bile that was in most instances independent of the food 
When a maximal choleresis had been produced by a high piotem 
diet, bile was less effective in increasing this response 

The insertion of a T tube and drainage of the common bile duct 
permit the study of human bile During the past ten yeais there has been 
an increasing number of such leports Foi the most pait these reports 
have been concerned with the secretion of bile salts by the liver dui mg 
the first week 01 two aftei the insertion of the diainage tube 14 Gieene, 
Hotz, Cartel and Twiss , 15 who have made the most recent study of this 
pioblem, point out that there is geneial agieement that when the patient 
has had no evidence of hepatic disease or the lattei is minimal theie is a 
temporal y reduction m the concentiation of cholates m the bile followed 
after two to three days by a piogiessive letuin to nonnal levels This 
diop appaiently is due to the individual 01 combined effects of a vanety 

14 (a) Greene, C H , Walters, W, and Fiederickson, C H The Com- 

position of the Bile Following the Relief of Biliary Obstruction, J Clin Investiga- 
tion 9 295-310, 1930 ( b ) Walters, W , Greene, C H , and Fredenckson, C H 

The Composition of the Bile Following the Relief of Biliarv Obstruction Report 
of a Series of Illustrative Cases, Ann Surg 91 686-693, 1930 (c) Sterner,^ 

R F , Bartle, H J , and Lyon, B B V Chologogue Effect of Intravenous 
Injection of Sodium Dehydrocholate, Am J M Sc 182 822-839, 1931 

( d ) Ravdin, I S , Johnston, C G , Riegel, C, and Wright, S L A Study of 
Human Liver Bile After Release of Common Duct Obstruction, J Clin Investi- 
gation 12 659-672, 1933 (e) Breusch, F, and Johnston, C G Zum 

Verschwinden und Wiedererschemen der Gallensauren in der Galle bei voruberge- 
hendem Choledochusverschluss, Klin Wchnschr 13 1856-1857, 1934 (/) 

Kohlstaedt, K G , and Heltner, O M The Effect of Oral Administration of 
Bile Salts on Composition of Human Fistula Bile, Am J Digest Dis & Nutrition 
4 306-312, 1937 ( g ) Doubilet, H Hepatic Excretion in Man of the Various 

Bile Acids Following Their Oral Administration, Pioc Soc Exper Biol & Med 
36 50-52, 1937 (h) Gray, H K , Butsch, W L, and McGowan, J M Effect 

of Biliary Opeiations on the Liver Their Relation to the Concentration of Bile 
Acids in the Bile, Arch Surg 37 609-618 (Oct) 1938 (i) Gray, H K, 

McGowan, J M , Nettrour, W S , and Bollman, J L Hepatic Damage m 
Biliary Disease Its Relation to the Concentration of Bile Acids in the Bile, 
ibid 37 790-799 (Nov ) 1938 

15 Greene, C H , Hotz, R , Carter, R F, and Twiss, J R The Post- 
Operative Concentration of Bile Salts m Human Bile, Am J Surg , 1940, to be 
published 
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of diffeient factors The anesthetic agent and the duration of anes- 
thesia, the local as well as the constitutional effects of the operative 
trauma, the degree of preoperative biliary obstructive and hydrohepatosis 
and the like factois must all be taken into consideration m interpreting 

I esults 

After the initial drop the concenti ation of cholates in the bile leturns 
towaid the noimal The rapidity of this leturn and the maximal con- 
centration attained during the period of observation aie m geneial 
inveisely proportional to the degree of hepatic damage The hepatic 
damage may be evidenced by stiuctuial changes as cmhosis, but Gieene, 
ITotz, Carter and Twiss point out that functional msufficienc) may be 
piesent without gioss pathologic changes They piesent evidence that 
such factois as systemic infection, fevei, cholangitis, depletion of bile 
salts from prolonged drainage or an inadequate supply of caibohydrate 
will 1 educe the concentration of cholates in the bile, piesumably as a 
lesult of functional disturbance They confiim the report of Greene, 
Walteis and Fiednckson 14a that the continued failuie of the liver to 
seciete bile acids is evidence of seveie functional distui bailee and so 
may be of senous piognostic nnpoit 

These studies of the postopei ative changes in the concenti ation of bile 
salt m the bile are important, foi they indicate the multiplicity of factors 
which affect the functional activity of the liver The multiplicity of these 
factois, however, greatly mciease the difficulty of determining the ones 
responsible foi the changes in any individual case 

Bile acids, whethei administered by mouth or mti avenously, are 
lapidly and quantitatively excreted in the bile This was suggested 
by the eaily studies of Stadelmann, 1 Kuhne, 16 and Huppert 17 Greene 
and Snell 18 studied the process in moie detail and emphasized the 
rapidity with which mti avenously injected bile acids disappeaied from 
the blood stieam The time required for their removal varied with the 
dose but even with maximal doses the gi eater part of the injected bile 
acids weie removed from the blood within thirty minutes Excietion 
m the bile likewise ivas rapid but showed a definite delay, foi the peak 
of the excietion did not come until after the blood had letuined to 
noimal This pioblem has been studied further by Snell, Gieene and 

16 Kuhne, W Beitrage zur Lehre \om Icterus, Virchows Arch f path 
Anat 14 310-356, 1858 

17 Huppert, H Ueber das Schicksal der Gallensauren un Icteius, Arch d 
Heilk 5 236-256, 1864 

IS Greene, C H , and Snell, A M Studies in the Metabolism of the Bile 

II The Sequence of Changes in the Blood and Bile Following the Intra\enous 
Injection of Bile or Its Constituents, J Biol Chem 78 691-713, 1928 
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Rowntiee , 10 B oilman and Mann , 20 Chabrol, Cottet and Sallet , 21 and 
Lichtman , 22 with similai lesults Moie lecently it has been leinves- 
tigated by Josephson, Jungner and Rydin , 23 who studied the fate of 
injected sodium cholate The) used the method of Josephson and 
Jungnei , 24 which pei nutted deteinnnation of both fiee cholic acid and 
conjugated bile acid They found, in confiimation of the eailiei studies, 
that mtiavenously injected sodium cholate usually was lemoved from the 
blood stieam m about thuty minutes The bile acids were less lapidl)- 
excieted in the bile, but, intei estmgly enough, duiing the hist half horn 
aftei the injection they weie excieted pi epondei ately as fiee cholic acid, 
while theieaftei a lapidly mci easing piopoition weie conjugated before 
exci etion 

Jungnei, R)dm and Josephson , 25 continued this study m experi- 
mental jaundice in animals They found, as Snell, Greene and Rown- 
tiee , 10 B oilman and Mann 20 and others did, that the concentration of 
bile acids in the blood was increased aftei ligation of the common bile 
duct They continued the leport of Snell, Gieene and Rowntiee that 
injected cholates weie lemoved fiom the blood stream less lapidly than 
normally This delay m exci etion, however, was much moie marked 
in cases of toxic hepatitis pioduced by adnumsti ation of phosphoius or 
carbon teti achloi ide Then experiments were extended to patients, and 
Josephson and Laisson 20 found that sodium cholate injected mtia- 
venously m man lapidty disappears fiom the blood and is lapidly and 
quantitatively excreted by the livei into the bile 

The intravenous injection of a solution of sodium cholate pioduced 
a gieatei use m the cholic acid content of the blood m patients with 

19 Snell, A M , Greene, C H , and Rowntree, L G Diseases of the Liver 
Furthei Studies m Experimental Obstiuctive Jaundice, Arch Int Med 40 471- 
487 (Oct ) 1927 

20 Bollman, J L , and Mann, F C The Influence of the Ln er m the 
Foimation and Destruction of Bile Salts, Am J Physiol 116 214-224, 1936 

21 Chabrol, E , Cottet, J , and Sallet, J Recherches comparatives sui le 
pomoir de concentration du foie et du rein ws-a-vis de 1’acide cholahque, Compt 
rend Soc de biol 122 184-186, 1936 

22 Lichtman, S The Blood Clearance and Renal Excretion of Bile Acids 
Following the Intravenous Injection of Cholic and Desoxychohc Acids, Am J 
Physiol 117 665-671, 1936 

23 Josephson, B , Jungnei, G, and Rvdin, A Elimination of Cholic Acids 

I In Healthy Animals, Acta med Scandmav 97 237-253, 1938 

24 Josephson, B , and Jungnei G A Comparison of Some Methods for the 
Determination of Bile Acids in Bile and the Proportion Between the Different 
Acids, Biochem J 30 1953-1959, 1936 

25 Jungner, G , Rjdin, A, and Josephson, B Elimination of Cholic Acids 

II In Expei imental Jaundice Acta med Scandmav 97 254-264, 1938 

26 Josephson, B , and Larsson, H Elimination of Cholic Acids III In Man, 
Acta med Scandina\ 99 140-146, 1939 
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jaundice than m normal peisons (Josephson 27 ) Patients with obstiuc- 
tive jaundice showed a moderate^ lapid fall m the cholic acid content 
of the blood, and the initial level usually was regained at the end of the 
hour In patients with acute hepatitis the fall of the blood levels was 
greatly delayed, and these levels were still elevated at the end of an houi 
The tables show considerable overlapping between the different gioups, 
but Josephson lecommends the test as valuable in ai living at a differ- 
ential diagnosis betweei these two kinds of jaundice 

The study of the effect of bile salts and of various theiapeutic agents 
on the volume and composition of the bile was extended by Schmidt, 
Beazell, Atkinson and Iv)' 28 The vanous types of response obtained 
make it desuable for the physician as well as the physiologist to dis- 
tinguish between three related effects on the liver and biliary tract 

Cholagogues stimulate the evacuation of the gallbladder and mciease 
the flow of bile into the intestine but do not increase the 1 ate of secretion 
by the liver 

Hych ocholei eLcs increase the volume of the bile but do not stimulate 
the secretion of biliary constituents 

Choleretics produce an increased flow of bile and an inci eased elim- 
ination of biliary constituents 

Schmidt, Beazell, Atkinson and Ivy 28 studied the effect of a number 
of drugs on the secietion of bile Mild mercurous chloride has long had 
a reputation based on its leputed clinical effectiveness in cases of 
“biliousness” 01 of “torpid liver ” This has not been confirmed b} 
pievious experimental work In the piesent study, this drug m doses 
of 100 mg had no effect on eithei the volume or the constituents of the 
bile Ammonium chlonde, urea, calcium gluconate, mucm, chondroitm 
and sulfanilamide weie tested and all found to be without significant 
effect on the secietion of bile The authors found, as have othei inves- 
tigatois, that sulfanilamide was eliminated in the bile m concenti ations 
that have been repoited to be bactenostatic 

Acetylsalicylic acid inci eased the volume of the bile bj appi oximately 
59 pei cent but reduced the excietion of cholates slightly 

Oxidized unconjugated bile acid denvatives, such as the propnetan 
pi epai ations decholm and ketochol, acted as h} drocholeretics, for they 
moie than doubled the volume of the bile but i educed the excietion of 
cholates by appi oximately a thud 

27 Josephson, B Elimination of Cholic Acids IV In Patients with Lner 
Disease, J Clin Investigation 18 343-350, 1939 

28 Schmidt, C R , Bea7ell, J M , Atkinson, A J, and h\, A C The 
Effect of Therapeutic Agents on the Volume and the Constituents of Bile. Am T 
Digest Dis 5 613-617, 1938 
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Conjugated ketocholanic acids (such as are contained in the pro- 
prietary preparation dechacid) had a moderate choleietic action, for the 
volume of the bile was increased The excretion of cholates was not 
changed, but because of the excretion of the administered ketocholanic 
acids the total bile acid output was increased These results indicate a 
specific action of conjugated bile acids which is not shown by the uncon- 
jugated pieparation, but the authors did not explain the reason for this 
diffeience in the two preparations 

Noimally occurring conjugated cholic acids (such as are contained 
in the pioprietaiy prepaiation bilron) and dog bile were the most satis- 
factory choleietics, for they produced 11 both an increased flow of bile 
and an mci eased excretion of bile salts In the latter case, it must be 
remembered that the increase was due to elimination of administered 
cholates and not to increased synthesis of bile acids 


Effect of Ceitam Drugs on the Sea chon and the Constituents of Bile 


Percental Change Over Control Period 

Bilron* 

Volume 

+74 

Cholates 

- +126 

Pigment 

+39 

Cholesterol 

+110 

Dechacid* 

+50 


—17 

+50 

Ketocholf 

+144 „ 

— 2S 

+35 

+80 

Decbolint . . 

_±J25 

—56, 

—17. . 

— 45 

Acetylsalicylie acid 

+59 

—4 

+7 

+33 

Sulfanilamide 

+4 

— 5 

+8 

—10 

Mild mercurous chloride U S P 

0 

+s 

+16 

—33 

Linseed oil U S P 

+16 

+10 

+27 

+37 


* Conjugated bile acids of ox bile 
t Oxidized unconjugated bile acids 


Doubilet 29 also reported a study of the hepatic excretion in dogs 
following oral administration of various bile acids When cholic acid 
was administered, there was a marked increase in the excretion of cholic 
acid and some mciease m that of desoxycholic acid The administration 
of desoxycholate increased the excretion of that salt but depressed the 
excretion of cholate Doubilet measured the efficiency of the hvei by 
the maximum excretion of bile acids m the smallest volume of bile 
When this index was used, the order of decreasing efficiency m the dog 
was dog bile, ox bile, glycochohc acid, cholic acid, desoxycholic acid 
and dehydrocholic acid 

Riegel, Ravdm and Prushankm, 30 studied the effect of dehydrocholic 
acid m 5 dogs and report that m all there was an increase m the volume 

29 Doubilet, H Hepatic Excretion in the Dog Following Oral Administra- 
tion of Various Bile Acids, Proc Soc Exper Biol & Med 36 687-690, 1937 

30 Riegel, C , Ravdin, I S , and Prushankm, M Effect of Sodium Dehydro- 
cholate (Decholm) on Bile Salt, Chloride and Cholesterol of Bile in Dogs, Proc 
Soc Exper Biol & Med 41 392-395, 1939 



GREEN E-FARRELL— LIVER AND BILIARY TRACT 


855 


of bile, with 71 per cent as the aveiage There was little change in the 
excietion of cholesterol but a slight (20 per cent) mciease in the excre- 
tion of cholates The last finding is at variance with the results of 
Doubilet 29 and of Schmidt and his co-workeis 28 While theie w^as a 
slight change in the cholates, the moie marked mciease in the volume 
of bile still seems to classify the response as hydrocholeretic 

The lational therapeutic use of bile salts depends on an undei- 
standmg of then functions and activities in the body These have been 
discussed in detail in a lecent article by Ivy and Berman 31 These 
investigators point out that 

1 Bile salts piomote the formation of bile They mciease the 
volume of bile and the output of cholesteiol and bile salts but do not 
affect the excietion of pigment All, or all but about 10 pel cent, of 
administered natuial bile salts aie leexcieted m the bile 

2 Bile salts, by keeping fatty acids in solution, may act to pierent 
pi ecipitation of cholesterol and fatty acids in the gallbladdei 

3 Natural bile salts aid in the digestion and absorption of fats 

4 Natuial bile salts facilitate the absorption of iron and calcium and 
aie necessaiy foi the absoiption of carotene, of cholesteiol and of vita- 
mins D, E and K 

5 Bile salts admunsteied oially have a laxative action 

6 Bile salts aie said to play a lole in detoxifying bactenal toxins 

in the intestinal tract 

7 Bile salts may affect the stoiage of glycogen by the livei 

Ivy and Bei man 31 discuss the therapeutic use of bile salts under 

seveial headings They point out that in the absence of bile salts in 
the intestine oial admmistiation of bile salts is indicated to impiove 
digestion and absoiption The piofound digestive and nutntional dis- 
tui bances obseivable m patients with complete biliaiy fistulas or with 
complete biliary obstiuction and the symptomatic relief obtained from 
the admmistiation of bile salts m adequate dosage are evidence for the 
ti uth of this i ecommendation The importance of giving bile salts as > 
well as vitamin K m the pieoperative piepaiation of jaundiced patients 
is lecogmzed The possible haimfulness of the administration of bile 
salts to a patient with complete biliaiy obstiuction is considered b) 
Ivy and Beiman The) point out that clinical expeuence has demoli- 
sh ated that oial admmistiation foi short periods of time is without 
evident deletcnous efiects They obtained sinulai lesults m a few 
pi olonged animal experiments The eailiei studies of Biakefield and 

ol Iw, A C, and Berman A L The Rationale of Bile Salt Theraps m 
Bihai \ Tract Disease Minnesota Med 22 S15-820, 1939 
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Schmidt 32 and the more lecent ones of Mann and Bollman, showing 
that m dogs with obstiuctive jaundice there is rapid excretion of orally 
administered bile acids m the urine, may explain the apparent absence 
of toxic effects in such patients 

We wish to emphasize the difference between the admmistiation of 
bile salts m adequate dosage m the presence of a demonstrated deficiency 
of bile m the intestine and the widespi ead popular use of bile-containing 
pills for the relief of “biliousness” 01 a “sluggish livei ” Too often 
the condition which the patients seek to coriect is one of constipation, 
and the theiapeutic benefit experienced is due to the piesence in the 
pieparation of active cathartics, such as alom, phenolphthalem and the 
like, and not to the minute amounts of bile salts which aie included 

In disease of the biliary tract without acute hepatitis, bile salts aie 
administered to flush the biliary passages with a copious flow of bile 
of low viscosity This use of bile salts is lational so fai as the bile 
ducts are concerned, for, as Ivy and Berman indicate, a brisk flow of 
bile tlnough the hepatic ducts would tend to prevent ascent of infection 
We a gree as to the value of the admmistiation of bile s alts as a post- 
oper ative measure in cases in which T tube drainage of an infected 
common bile duct has been instituted Because of the hydrocholei etic 
effect of bile salts, it is possible that the denvatives of oxidized bile 
acids, such as ketochol and dechohn, aie piefeiable to the natuial bile 
acids m this condition Flushing of the ducts is less ceitam m the 
patient who has not been opeiated on, foi theoretically a hypertonic 
sphincter of Oddi might pi event a fiee flow of bile Howevei, Ivy and 
Goldman 33 point out that spasm of the sphincter is less leadily produced 
if the liver is secieting freely 

Flushing of the gallbladder is a diffeient problem fiom flushing of 
the bile ducts, and Ivy and Beiman point out that the extent to which 
the administration of bile will change the chemical constitution of bile 
m the gallbladdei and flush out the gallbladder is unceitam It also 
must be remembered that m cases of eithei acute oi chronic cholecystitis 
m which the gallbladder does not fill, a copious flow of bile could accom- 
plish only a flushing of the bile ducts 

In the piesence of disease of the biliaiy tiact and acute hepatitis the 
use of bile salts has been implied to be of benefit by a numbei of clinical 
obseiveis Ivy and Beiman insist that until moie unequivocal obseiva- 
tions become available they doubt the wisdom of bile salt theiapy in 

32 Brakefield, J L , and Schmidt, C L A Studies on the Synthesis and 
Elimination of Certain Bile Components in Obstiuctive Jaundice, J Biol Chem 
67 523, 1926 

33 Iv>, A C, and Goldman, L Phj'siology of the Biliary Tract, JAMA 
113 2413-2417 (Dec 30) 1939 
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such conditions except for the pui pose of nnpio\mg intestinal absorp- 
tion The pieuously reported studies ha\e shown that the presence of 
cholangitis reduces or abolishes the choleietic effect of bile salt prepaia- 
tions and that injected bile salts are not lemmed fiom the blood stieam 
at the noimal late We have been informed of a case of possible acute 
jellow atiophy following the intravenous administiation of a prepaiation 
of oxidized bile salts Under these conditions we wish to second this 
plea foi caution m the theiapeutic use of bile salts except when it can 
be shown that theie aie specific scientific indications for such use 

LEPTOSPIROSIS ICTEROIIAEMORRHAGICA 

Leptospnosis icteiohaemoiihagica (Weil’s disease, spuochetal 
jaundice) is an infection not of the livei alone but of all the oigans of 
the body Jaundice may be piesent, but it occuis in not moie than 
60 01 65 pei cent of the serologically oi bactenologically pioved cases 31 
Wail ant foi the consideiation of this systemic infection in a leview of 
the literatuic on diseases of the liver and biliaiy tract is denved paitly 
fiom the tiachtional association of icteius noth Weil’s disease, wdncli is 
lcflected m the deceptive but much used synonym “spirochetal jaundice,” 
and paitly from the need foi considenng Weil’s disease in the diffeiential 
diagnosis of hepatitis 

The fiist adequate descnption of the clinical synch ome was foimulatcd 
by Adolph Weil, 33 soon followed by Fiedlei 3(5 This w^as some tlnee 
decades before the discoveiy of the causative agent, Leptospua lctcro- 
haemonhagiae, by Inada and otheis 37 in Japan and by Uhlenhuth and 
Fiomme 38 in Geimany Duiing the w ? ar of 1914-1918, knowledge of 
the infection giew r by lapid stages out of a wade expenence wutli the 
disease in solcheis The extended repoits in German 38 and m French 30 

34 (a) Walch-Sorgdragei, B Leptospiroses, Bull Health Oigan, League 
of Nations 8 143-386, 1939 ( b ) Davidson, L S P , and Smith, J Weil’s 
Disease m the North-East of Scotland Account of One Hunched and Four 
Cases, But M J 2 753-757, 1939 

35 Weil, A Uebci cine cigentlmmliche, imt MiLtumor, Icteius und 
Nephritis emhei gehende, acute Infectionskiankhcit, Deutsches Arch f klin Med 
39 209-232, 1S86 

36 Fiedler, A Zur Weil’schen Kiankheit, Deutsches Aich f klin Med 42 
261-294, 188S 

37 Inada, R , Ido, Y , Iioki R , Kaneko, R , and Ito, H Etiologi , Mode 
of Infection and Specific Therapy of Weil’s Disease (Spirochaetosis Icterohacmor- 
lhagica), J E\pei Med 23 377-402, 1916 

38 Dhlcnhulh, P, and Fiomme, W Untersuchungcn ubei die Actiologic, 
Immumt.it und spcnfische Behandlung der WeiPchcn Krankhett (Icteius mfec- 
tiosus ) Ztschi f ImmunitaMorsch u e\per Therap 25 317-480, 1916 

3b Mai tin, L, and Pettit, A Spirochetose icterohemorragique, Pane Masson 
&. Cic, 1919 



858 


ARCHIVES OF INFERNAL MEDICINE 


w Inch 1 esulted are impoi tant soui ce 1 efei ences, which have been supple- 
mented but not supplanted by more 1 ecent monographs 40 

On etiologic and clinical grounds, live general types of human 
leptospirosis can be differentiated 34a The type identified as Weil’s 
disease, caused by invasion of L icteiohaemonhagiae, is usually chaiac- 
tenzed by an abrupt onset, with fever, vomiting, gieat piostration and 
severe myalgia and, aftei a few days, by the appeal ance of jaundice 
Jaundice, hepatomegaly, hemonhagic manifestations, anemia, leuko- 
cytosis, albuminuria and letention of mtiogen aie classic findings at 
the end of the first week The illness is commonly seveie and is often 
piolonged by a febnle i elapse in the thud oi fouith week Death 
tei inmates about 1 case in 9, hepatic, renal oi caidiac damage may be 
the cause Without icteius, howevei, the piognosis is favoiable, so 
that the fatality late in Weil’s disease with jaundice is peihaps 1 in 6 
Weil’s disease may follow an atypical couise Meningeal symptoms 
sometimes piedonunate In an instance icpoited by Muigatioyd, 11 
evidence of meningeal involvement developed foui months aftei the 
beginning of the illness, and leptospuas were lccoveicd from the 
cerebrospinal fluid and mine twenty-five and thnty-thiee weeks, tespec- 
tively, after the onset Leptospuosis with maiked signs of meningeal 
invasion has only lecently been icpoited in the United States, 12 but 
the condition should be considered in the diffeienlial diagnosis of men- 
ingitis in cases in which no oiganisms can be demonstiated in the 
cerebrospinal fluid by the usual staining and cultuial technics 

A second type of leptospirosis found in Eui ope and Amenca 11 is 
due not to L lcteiohacmoirhagiae but to Leptospira canicola, the canine 
species Leptospirosis of this type is usually aniclenc, and meningeal 
signs may be pionunent The remaining three types of leptospual infec- 
tion include the swamp fever of cential Em ope, the seven day fevci of 
Japan and othei infections not found in Amenca 

In the transmission of leptospirosis lcteiohaemoi lhagica the lat is 
an important agent Leptospuas pathogenic foi guinea pigs aie shed 
in the urine of a vaiiable pioportion of these lodents In one l ecent 

40 Uhlcnhuth, P , and Fromme, W , in Kolic, W , Kraus, R , and Ulilcnliuth, 
P Plandbuch dcr pathogenen Mikioorgamsmcn, ed 3, Jena, Gustav Fischci, 
1930, vol 7, pt 1, pp 487-660 Walch-Sorgdiagei 1 1,1 

41 Murgatroyd, F (a) Chronic Meningitis m Weil’s Disease, But M J 
1 7-11, 1937, (b) Further Note on a Case of Chionic Leptospual Meningitis, 
ibid 1 445-446, 1939 

42 Haschec, W, and Tobey, F J A Case of Weil’s Disease, JAMA 
113 1319-1321 (Sept 30) 1939 

43 Meyer, K F , Stewai t-Andci son, B, and Eddie, B Canine Leptospuosis 
in the United States, J Am Vet M A 95 710-729, 1939 



GREEK E-FARRELL— LIVER AND BILIARY TRACT 


859 


surve} J Smith 44 found such leptospiras in the kidneys of 27 3 per 
cent of 117 rats brought to the city hospital laboratory m Aberdeen 
Scotland There was a higher incidence of carriers among the full- 
giown rats than among the young animals A positne seroreaction was 
present in the blood of 87 5 per cent of the rats from whose kidneys 
virulent leptospiras w'ere isolated, but a positne reaction was also 
obtained in 24 7 per cent of the animals whose kidneys yielded none 
The presence of immune bodies in the blood serum of rats has therefore 
no direct correlation wutli the earner state 

Manual w'orkei s m trades wdnch attract rats are particularly exposed 
to infection 4 ' Fiedler 30 commented on the fact that 9 of the 12 vic- 
tims obsei\ed by him were butchers Miners m Scotland, 40 sewer 
workers in London 47 and Glasgow, 48 fish cutters in Aberdeen 4b and cane 
cutters m Australia 40 suffer from Weil’s disease, and a Bntish depait- 
mental committee m a repoit to the Home Secretaiy m 1936 recom- 
mended that Weil's disease be thenceforth scheduled as an mdustnal 
infection 50 

One of the first patients with Weil s disease seen in New York w'as 
a sewei worker, 01 and 2 sewer workers m New r York in whom the 
disease w^as recognized during 1938 and 1939 died of it 02 Two fish 
cutters in New York contracted the infection, and compensation was 
awarded both for a disease arising out of or m the course of employ- 
ment 53 

44 Smith, J Leptospiral Infections m Rats Presence of Specific Lepto- 
spiral Immune Bodies in Serum and Their Relationship to Carrier Conditions, 
J Hyg 38 521-526, 1938 

45 Fairley, N H Leptospirosis in the British Empire, Acta Coment tertu de 
trop atque malar morbis 1 387-395, 1938 

46 (a) Gulland, G L, and Buchanan, G Spirochaetosis Icterohaemoi rhagica 

in East Lothian, Brit M J 1 313-314, 1924 ( b ) Buchanan, G Spirochaetosis 

Icterohacmorrhagica, ibid 2 990-993, 1924 , Spirochaetal Jaundice, Medical Research 
Council, Special Report Series, no 113, London, His Majesty’s Stationery Office, 
1927 

47 Fairley, X H Weil’s Disease Among Sewer Workers m London, Brit 
M J 2 10-14, 1934 

48 Stuart R D Weil’s Disease in Glasgow Sewer Workers, Brit Mil 
324-326, 1939 

49 (a) Morrissey, G C The Occurrence of Leptospirosis (Weil’s Disease) 

in Australia, M J Australia 2 496, 1934 (&) Drew, J G An Account of 

Weil’s Disease in Queensland, Brit M J 2 1142-1143, 1934 

50 Home Office, Departmental Committee on Compensation for Industrial 
Diseases, Third Report to the Right Honourable The Secretary of State for the 
Home Department London, His Majesty’s Stationer} Office, 1936 

al Cushing, E H Leptospirosis Icterohacmorrhagica, J A M A 89 1041- 
1043 (Sept 24) 1927 

a2 Farrell, F , Tiffany, E, and Rosenthal, III Unpublished data 

53 Farrell, F Weil’s Disease Compensable Infection m Xew York State 
New York State J Med 39-1969-1972 1939 
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Apait from occupational associations such as those just cited, Weil’s 
disease has frequently occuned aftei accidental unmet sion, 54 though 
no instances of this soit have been lecorded yet m the Amencan scientific 
litei atui e 

Leptospu osis icteiohaemoiihagica is lecognized far moie often m 
Euiope than in Amenca In Pans the disease is one d’ observation 
c our ante and single cases of the classic tjpe now attiact too little 
attention to be reported in detail cc In Holland 374 cases were estab- 
lished between 1924 and 1938, 34a and theie have been at least 248 ade- 
quately diagnosed cases of Weil’s disease in Great Bntain since 1922 34b 
In the United States not all the pioved cases have been reported, noi 
have all the repoited cases been satisfactory established by xecovery 
and full identification of the causative oiganism oi by satisfactory dem- 
onstiation of specific immune properties in the blood serum Recogni- 
tion of the disease lags, although the woik of Meyei 57 and others must 
eventually lead to a wider appieciation of the nature of this infection 
and to some reliable estimation of its extent 

The diagnosis of Weil’s disease is a laboratoiy pioblem dependent 
foi its solution on the aleitness of the clinical stall, measuied b) the 
alacrity with which the clinical diagnosis is arrived at, on close ward- 
laboratory coopeiation and on the expeiience of the bacteriologist m 
the isolation of the oiganism Inoculation of guinea pigs with the blood 
m the first week or with the unne thereafter is the most raluable single 
diagnostic procedure, but seiologic methods of diagnosis aie also 
employed 

In the seiologic diagnosis of Weil’s disease some modification of the 
agglutination-lysis test may be used, but consideiable expeiience is 
required for its reliable peiformance and interpretation 55 The antibody 
titer may rise rapidly late m the third week of disease and reach a level 
of 1 40,000 or more by the end of the fifth week 59 This level may be 
maintained for about three weeks , then it falls during a month o i so 
to a much lower mark, at which it may remain foi a number of years 

54 Schuffner, W Recent Work on Leptospirosis, Tr Roy Soc Trop Med 
& Hyg 28 7-37, 1934 

55 Troisier, J , Banety, M , and Brouet, G Spirochetose icterohemorragique 
apres morsure de rat Meningite purulente, Bull et mem Soc med d hop de 
Pans 50 1451-1458, 1934 

56 Brumpt, E Personal communication to the author 

57 Meyer, K F , Stewai t-Anderson, B , and Eddie, B Epidemiology of 
Leptospirosis, Am J Pub Health 29 347-353, 1939 

58 Brown, H C, and Broom, J C Observations on the Agglutination Test 
for Weil’s Disease, Brit M J 1 1178-1179, 1939 

59 Kisker, A Ueber den Verlauf des Agglutinationstiters bei Weilscher 
Krankheit, Ztschr f Immumtatsforsch u exper Therap 85 383-391, 1935 
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Macroscopic agglutination tests 00 and complement fixation tests C1 hav e 
also been introduced In perfoinung serologic tests in cases m w Inch 
leptospnosis is suspected, it is ell to use both L icterohaemoiihagiae 
and L camcola as antigens In certain cases testing with various stiains 
of L icteiobaemonbagiae mav be necessan foi exact identification of 
the immune bodies found m the patient's seium Consei\ati\e intei - 
pietation of single leports should be a rigid lule 

Impoitant piactical points in the diagnosis of leptospirosis bv inocula- 
tion of animals have lecentl} been stressed b) vvoikers who uige the 
use of guinea pigs weighing less than 175 Gm 62 oi even nui sling ani- 
mals 1 ! The animal first inoculated maj show no leptospiras at autops} 
but repeated submoculations of matenal from successive animals mav 
finally lead to the isolation of the oiganism Cultivation of leptospnas 
has been successfully earned out on the chonoallantoic membiane of 
the chick embryo, 0-1 but mediums such as Noguchi, Schuffnei, Fletchei 
or Koithof have described seiv r e the usual laboratoiy needs 

In the dififeiential diagnosis of leptospirosis lcterohaemouhagica 
with jaundice, many other causes of icterus must be consideied Catarihal 
jaundice, biliary obstiuction, toxic hepatitis or acute yellow atioph} 
may be suggested m turn b) successive stages of a leptospiral infection 
Useful data in the eaily clinical recognition of Weil’s disease aie a 
histoiy of occupational or accidental exposure to infection, signs of 
systemic invasion, fever, eaily piostration and mvalgia, nephntis, ane- 
mia, leukocytosis and hemorrhages 

Small epidemics of leptospirosis lcteiohaemonhagica maj occur in 
similarly exposed gi oups with a common occupational backgi ound 04 
oi with a commonly experienced immeision or otliei water accident 

60 Pot, A W A Macroscopic Agglutination Test in Weil’s Disease, Lancet 
1 1290, 1936 Smith, J , and Tulloch, W J A Macroscopic Agglutination Test 
for Diagnosis of Weil’s Disease, ibid 2 846-850, 1937 Brown, H C A 
Rapid Presumptive Serological Test for Weil’s Disease, Brit M T 2 1183, 1939 

61 Pot, A W , and Dornickx, C G J The Complement Fixation Test m 
the Diagnosis of Weil’s Disease, J Path & Bact 43*367-372, 1936 Gaehtgens, 
W Ueber die praktische Bedeutung der serologischen Untersuchung, insbesondere 
dcr Komplementbmdungsreaktion, fur die Diagnose der Weilschen Krankheit, 
Ztschr f Immumtatsforsch u exper Thcrap 96*287-319, 1939 

62 Syverton, J T , Bern, G P, and Stiles, W W The Diagnosis of 
Weil’s Disease (Infectious Jaundice), J Clin Investigation 17:522, 1938 

63 Morrow, G , Svvcrton, J T , Stiles, W \\ , and Bern, G P The 
Growth of Leptospira Icterohemorrhagiae on the Chorio-Allantoic Membrane of 
the Cluck Embrjo, Science 88 3S4-3S5, 1938 

64 Davidson and Smith 34b Gulland and Buchanan Buchanan •* r, > Mor- 
rissev • ,na Drew •’ r ' b 
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Institutional epidemics of jaundice have been attributed to Weil’s 
disease 05 and indexed as spuochetal jaundice , 60 but the evidence foi a 
viral cause of infective hepatitis (epidemic catanhal jaundice ) 67 is too 
convincing to be shaken by anything shoit of the isolation of L 
icterohaemoiiliagiae directly fiom patients or the demonstration of 
specific antibodies in changing titei in the blood serum of a significant 
propoi tion of those affected Careful studies m the past 68 have failed 
to demonstrate an etiologic relationship between L icterohaemorihagiae 
and epidemic infectious jaundice Harmless leptospiras of typical foim 
occui in nature, so the finding of leptospnas of unidentified species m 
local collections of watei during the couise of an outbreak of jaundice 60 
cannot be legal ded as significant 

The genesis of icterus m leptospnosis icteiohaemonhagica is obscuie 
Kaneko once concluded that the jaundice lesulted fiom mtia-acinous 
biliaiy obstruction without actual blockage of the bile channels, but 
he has modified this opinion , 70 following the work of Oka , 71 who decided 
that cellulai dissociation lesulted m dilatation and ruptuie of the bile 
capillanes, with escape of bile into the geneial cn dilation In Oka’s 
human cases the blood seium gave a duect van den Beigh reaction 
In cases of the infection m guinea pigs the leaction is appaiently indi- 
rect , 72 and the jaundice is attubuted to extensive destiuction of blood 
with letention of bilirubin lesulting fiom functional impaiiment of the 
liver due to edema of the organ 

Weil’s disease and yellow fever aie both chaiactenzed by hepatitis, 
but yellow fevei causes specific histologic changes in the liver which 
can be differentiated from those found in leptospnosis ictei ohaemoi - 

65 Slesinger, H A , and Zehgman, I Acute Infectious Duodenitis (Infec- 
tious Jaundice) Repoit of Seventy-Six Cases, J Pediat 14 213-219, 1939 

66 Quarterly Cumulative Index Medicus 25 724, 1939 

67 Findlay, G M , MacCallum, F O , and Murgatroyd, F Observations 
Bearing on the Aetiology of Infective Hepatitis (So-Called Epidemic Catarrhal 
Jaundice), Tr Roy Soc Trop Med & Hyg 32 575-586, 1939 

68 Wadsworth, A , Langworthy, H V , Stewart, F C, and Moore, A 
Infectious Jaundice Occurring in New York State, J A M A 78 1120-11 21 
(April 15) 1922 Langworthy, V , and Moore, AC A Study of Leptospira 
Icterohaemorrhagiae, J Infect Dis 41 70-91, 1927 

69 Willett, J C , Sigoloff, E, and Pfau, C L An Institutional Outbreak 
of Epidemic Jaundice, JAMA 106 1644-1646 (May 9) 1936 

70 Kaneko, R Uebei den Ikterus bei Spirochaetosis lkterohaemorrhagica 
Inada (Weil’sche Krankheit), Schweiz med Wchnschr 65 531-532, 1935 

71 Oka, T Uebei den Ikterus bei Spirochaetosis icterohaemorrhagica Inada 
(Weilsche Krankheit), Klin Wchnschr 14 785-786, 1935 

72 Busch, H Ueber die Ursache des Ikterus bei der experimentellen Weilschen 
Krankheit, Beitr z path Anat u z allg Path 96 233-247, 1936 
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rhagica 73 In yellow fevei the In er shows hyaline areas of Councilman 
necrosis, extensive fatty degeneiation and cellular dissociation of such 
an extreme degree that all lobular stiucture is lost Councilman neciosis, 
is never seen in Weil’s disease nor is there as much fatty infiltiation 01 
such extensive sepaiation of the liver cells 74 The anatomic dift'ei entia- 
tion of yellow fever and Weil’s disease is paiticularly impoitant in 
those parts of the woild where the diseases coexist and wheie through 
a viscerotome service 75 search is continually being made foi silent foci 
of yellow fever 

The early administration of 30 to 60 cc of immune seium with an 
antileptospiral titer of 1 20,000 or moi e 76 is of prime importance in the 
treatment of Weil’s disease No commeicial antiseium is genet ally 
available in the United States but in Europe such seiums aie widely 
used 

Pi opliy lactic immunization against Weil’s disease has been tried 
on a large scale m Japan, with appaiently favoiable results, but vaccina- 
tion of human subjects in Scotland with 1 to 2 cc of killed cultuie caused 
only small amounts of lytic antibody to appeal in the blood stieam 77 

VITAMIN IC AND BLOOD COAGULATION 

The eailiei literature dealing with the lelationship between pio- 
thiombin deficiency and the bleeding tendency of jaundiced patients 
and the importance of vitamin K in coirectmg this distuibance was 
lepoited m the review for 1938 7S Since then, the literatuie dealing 
with vanous phases of this problem has mci eased voluminously It 
has been surnmai lzed in detail by Quick 79 and so need not be i e viewed 

73 Smjdeis, E P Zur pathologischen Anatomie der Leber bei Gelbfieber 
und Weilscher Krankheit, m Arbeiten uber Tropenkrankheiten und deren 
Grenzgebiete (Bernard Nocht’s Festschrift), Hamburg, Fnederichsen, 1937, p 539 

74 Bablet, J Suf le diagnostic differentiel entre la spirochetose ictero-hemor- 
ragique et la fievie jaune par l’examen histologique du foie, Bull Office mternat 
d’hyg pub 28 2346-2353, 1936 

75 Rickard, E R The Oiganization of the Viscerotome Seivice of the 
Biazihan Cooperative Yellow Fever Service, Am J Trop Med 17 163-190, 1937 

76 Zimmermann, E, and Arjona, E Serologischer Titer und Heihvert der 
Seren gegen Weilsche Krankheit, Ztschr f Immumtatsforsch u exper Therap 
84 111-117, 1935 

77 Smith, J Vaccination of Guinea Pigs and Human Beings Against Lepto- 
spnal Infections, J Hyg 37 261-270, 1937 

78 Greene, C H , and Hotz, R Liver and Biliary Tract A Review for 
1938, Arch Int Med 63 778-808 (April) 1939 

79 Quick, A J A Classification of Hemorrhagic Diseases Due to Defects 
in the Coagulation Mechanism of the Blood, Based on Recently Published Studies, 
Am J M Sc 199 118-132, 1940 
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further at this time The most impoitant development dm mg the yeai 
has been the isolation of vitamin K in ciystalhne foim, the deteimma- 
tion of its chemical stiucture and its chemical synthesis This goal 
was reached practically simultaneously by seveial diffeient gioups of 
mvestigatois, 80 and accounts of this diamatic lace have been lepoited 
by Fiesei 81 and by Doisy and his associates 82 

These studies established that vitamin K, piepaied fiom alfalfa, is 
2-methyl-3 phytyl-l,4-naphthoqumone An extensive study of the actn- 
lty of related naphthoquinones showed that 2-methyl-l,4-naphthoquinone 
was the most active of these and was at least as efficient as the natuiall} 
occuinng vitamin K Since it is slightly watei soluble, it can be given 
inti avenously When given by mouth, it may be absoibed moie leadily 
than the natuial vitamin K The clinical uses of 2-methyl- 1 4-naphtho- 
qumone m the tieatment of piothiombin deficiency haie been lepoited 
by a series of mvestigatois 83 Doses of fiom 0 6 to 10 mg daily have 
sufficed to control the hemoirhagic phenomenon and lestore the blood 
prothrombin to normal No toxic effects have been lepoited and while 
fuither study is requued, the intioduction of the use of this compound 
into clinical practice appaiently lepiesents a real theiapeutic tnumph 

DIET IN RELATION TO HEPATIC INJURY 

The current widespiead use of carbohydiate diets in the tieatment 
of jaundice and hepatic disease is based on two scientific premises 

1 The intermediary metabolism and oxidation of carbohydiate 
make less demands on the liver than the oxidation of either protein oi 

80 Binkley, S B , Cheney, L C , Holcomb, W F , McKee, R W , Thayer, 
S A , MacCorquodale, D W , and Doisy, E A The Constitution and Syn- 
thesis of Vitamin K x , J Am Chem Soc 61 2558-2559, 1939 Fieser, L F , 
Campbell, W B , Fry, E M , and Gates, M D Synthetic Approach to Vitamin 
K t , ibid 61 2559, 1939 Almquist, H J , and Klose, A A Synthetic and 
Natural Anti-Hemorrhagic Compounds, ibid 61 2557-2558, 1939 

81 Fieser, L F The Synthesis of Vitamin K x , Science 91 31-36, 1940 

82 Doisy, E A , Binkley, S B , Thayer, S A , and McKee, R W Vitamin 
K, Science 91 58-62, 1940 

83 Frank, H A , Hurwitz, A , and Seligman, A M The Treatment of 
Hypoprothrombinemia with Synthetic Vitamin Ki, New England J Med 221 
975, 1939 Macfie, J M , Bacharach, A L , and Chance, M R A Vitamin K 
Activity of 2-Methyl-l,4-Naphthoquinone and Its Clinical Use in Obstructive Jaun- 
dice, Brit M J 2 1220-1223, 1939 Butt, H R , Snell, A M , Osterberg, A E , 
and Bollman, J L Treatment of Hypoprothrombinemia Use of Various Svnthetic 
Compounds Exhibiting Antihemorrhagic Activity (Vitamin Ki Activity), Proc Staff 
Meet , Mayo Clin 15 69-73, 1940 Rhoads, J E , and Fhegelman, M I Use 
of 2-Methyl-l,4-Naphthoquinone (A Synthetic Vitamin K Substitute) in the 
Treatment of Prothrombin Deficiency, JAMA 114 400-401 (Feb 3) 1940 
Sharp, E A Vitamin K Activity of 2-Methyl-l, 4-Naphthoquinone, ibid 114 
439-440 (Feb 3) 1940 Broun, G O , in discussion on Sharp 
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fat The feeding of enough carbohydiate to piovide foi the calonc 
lequiiements of the patient and keep the intei mediaiy metabolism on 
cl caibohydiate basis is theiefoie one way of putting the h\ei m a state 
of physiologic lest 

2 Laboratoiy animals on diets high in caibohydiate whose liveis 
contain adequate leseives of glycogen aie moie lesistant to the effects 
of hepatic toxins, such as chlorofoi m 84 

The oldei liteiatuie was leviewed by Davis and Whipple 85 and need 
not be consideied m detail at the piesent time 

The expei miental study of the effects of diet on the susceptibility 
of the liver to mjuiy by chloiofoim has lecently been i emvestigated by 
Goldschmidt, Vais and Ravdm 80 and by Millei and Whipple 87 
Messmgei and Hawkins 88 have studied the effect of diet on the sus- 
ceptibility of the livei to mjui) by arsphenamine All aie m agreement 
that fat is injuiious, foi the susceptibility of the liver to mjuiy mci eases 
pi ogressively with an mciease in lipids in the liver Their different 
experiments were also in agieement in indicating that a diet high in 
piotein markedly reduced the susceptibility of the liver to mjuiy by 
eithei chloroform or aisphenamme Piotem depletion by diet or 
plasmapheresis increased the susceptibility to chloiofoim as the bodily 
stoies of protein weie depleted Diets high m carbohydiate proved to be 
beneficial but not quite as effective as those high m piotem Whether 
the benefit obtained fiom carbohydiate diets in these experiments was 
due to a duect effect of the caibohydiate on the livei or to an indirect 
influence by virtue of an action on protein or to the fact that cai bo- 
hydrate diets usually reduce the lipid content of the liver is still 
unsettled 

These expei iments aie intei estmg because of the mci easing mass 
of evidence pointing to disturbances m piotem metabolism in hepatic 

84 Opie, E L , and Alford, L B The Influence of Diet on Hepatic Necrosis 
and the Toxicity of Chloroform, J A M A 62 895-896 (March 21) 1914, Diet 
and the Hepatic Lesions of Chlorofoi m, Phosphorus or Alcohol, J Exper Med 
21 1-20, 1915 

85 Davis, N C , and Whipple, G H The Influence of Fasting and Various 
Diets on the Liver Injury Effected by Chloroform Anesthesia, Arch Int Med 
23 612-635 (May) 1919 

86 Goldschmidt, S , Vars, Ii M , and Ravdm, I S The Influence of the 
Foodstuffs upon the Susceptibility of the Liver to Injury by Chloroform and the 
Probable Mechanism of Their Action, J Clm Investigation 18 277-289, 1939 

87 Miller, L L, and Whipple, G H Chloroform Liver Injury Increases as 
Protein Stores Decrease Studies m Nitrogen Metabolism in These Dogs, Am 
J M Sc 199 204-216, 1940 

88 Messinger, W J, and Hawkins, W B Arsphenamine Liver Injury 
Modified by Diet Protein and Carbolndrate Protective, but Fat Injurious Am 
J M Sc 199 216-225, 1940 
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disease Changes in the serum protein and hypoproteinemia, apait fiom 
prothrombin deficiency, accompany senous diseases of the liver Such 
evidence would seem to indicate the desirability of feeding protein-rich 
diets to patients with hepatic disease 

This evidence, however, should not be accepted without leservations 
Hahn, Massen, Nencki and Pavlov 89 and Fischlei 00 long ago pointed 
out the susceptibility of the dog with a damaged liver (Eck fistula) to 
the feeding of excessive amounts of meat — the so-called “Fleisch intoxi- 
cation ” Mann and Bollman 01 have confirmed these observations They 
later found that the feeding of meat extract produced the same effects 
as meat It is also noteworthy that Goldschmidt, Vais and Ravdin 86 
used casein for their high protein diets Moie woik designed to com- 
pare the effects of meat as contrasted to piotem diets is desirable Until 
such studies are reported, the clinician wishing to follow the lead of 
these investigators will increase the protein content of the diet for 
patients with hepatic disease but will still avoid excessive amounts of 
protein and choose dairy piotems in preference to meat 

CIRRHOSIS VERSUS TIBROSIS OF THE LIVER 

The pioper nomenclature of the various types of hepatic diseases 
is by no means settled, and only too frequently the same term is used 
to indicate quite different conditions Gibson and Robertson 02 call 
attention to the confusion m the use of the tenn “cirrhosis” They 
quote numerous authorities and point out that even among pathologists 
a definition of hepatic cirrhosis acceptable to all is difficult to find 
There is general agreement that paienchymal destiuction and scarring 
must be present Theie is less agreement on the importance of 
paienchymal repair When only parenchymal destruction and scarring 
are required by the definition of hepatic cirrhosis, it is difficult to exclude 
numerous conditions not commonly included within this group, for 
many agents will produce parenchymal destruction and scarring Gib- 
son and Robertson theiefore limit the definition of hepatic cirrhosis to 
conditions m which theie is evidence of parenchymal degeneration and 
fibrous and nodular parenchymal repair 

89 Hahn, M , Massen, V , Nencki, M , and Pavlov, J Die Ecksche Fistel 
zwischen unterer Hohlvene und Pfortader, Arch f exper Path u Pharmakol 
32 161, 1893 

90 Fischler, F Physiologie und Pathologie der Leber nach lhrem heutigen 
Stande, ed 2, Berlin, Julius Springer, 1925 

91 Bollman, J L, and Mann, F C The Physiology of the Impaired Liver, 
Ergebn d Physiol 38 445-492, 1936 

92 Gibson, W R , and Robertson, H E So-Called Biliary Cirrhosis, Arch 
Path 28 37-48 (July) 1939 
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Using this ciitenon of cnrhosis, they studied a senes of cases of 
so-called biliary cirrhosis following obstructive jaundice Both their 
leview of the literature and their study of cases indicated that in cases 
of this type there are parenchymal degeneiative changes of vanous soils, 
an increase in the poital connective tissue, an appaient increase m the 
intei lobulai ducts, bile tlnombi and collections of cells, such as poly- 
moi phonuclear leukocytes, in the poital connective tissue Emphasis 
is placed on bile stasis, fibiosis of some degiee and paienchymal degen- 
eiation The outstanding featuie is the paienchymal degeneiation Gib- 
son and Robeitson also point out that the results of paienchymal degen- 
eiation fiequently dominate the clinical pictuie, so that the piognosis 
should be guaided unless the biliaiy obstiuction can be relieved and 
hepatic lecoveiy permitted The}' theiefoie insist that this condition 
would be moie suitably described as hepatic atiophy This would place 
the emphasis on the parenchymal degeneration associated with biliaiy 
obstiuction and jaundice 

Gibson and Robertson fuither leport that m not quite 10 pei cent 
of then cases of biliaiy obstiuction true hepatic cnrhosis was piesent 
These cases were chai actei lzed by a history of intermittent or fluctuat- 
ing jaundice It seems possible, therefoie, that m these cases mteimittent 
episodes of obstruction with associated parenchymal destruction alter- 
nating with periods of lelief from jaundice and consequent oppoitumty 
for parenchymal repan may have led to the pioduction of tiue hepatic 
cnrhosis from biliaiy obstiuction 

It was therefoie suggested by Gibson and Robeiston that the teim 
“biliaiy cirrhosis” be diopped Cases in which hepatic paienchymal 
damage without signs of legeneiation follows obstruction of the bile 
ducts should be classified as instances of hepatic atiophy Cases of the 
infiequeni combination of biliaiy obstiuction, obstiuctive jaundice and 
tiue hepatic cmhosis should be classified as cm hosts from biliaiy 
obsti action 

The same difficulties of nomenclatui e arise m connection with the 
changes in the liver pioduced by chionic passive congestion, the so-called 
caidiac cnrhosis This pioblem has been repoited in detail by Boland 
and Willius 93 and by Katzin, Wallei and Blumgait 94 

They agree that the most fiequent pathologic pictuie seen m the 
hvei as a result of piolonged oi lepeated episodes of congestive heait 
failuie is degeneiation of the cential poition of the lobules with or with- 

93 Boland, E W, and Willius, F A Changes in the Liver Produced by 
Chronic Passive Congestion, with Special Reference to the Problem of Cardiac 
Cirihosis, Arch Int Med 62 723-739 (Nov) 1938 

94 Katzin, H M , Waller, J V and Blumgart, H L “Caidiac Cirrhosis” 
of the Liver A Clinical and Pathologic Stud\, Aich Int Med 64 437-470 
(Sept) 1939 
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out condensation of the leticulum It is geneially assumed that cential 
lobular atrophy lesults from chronic passive congestion of giadual onset 
and that necrosis develops when caidiac failure occurs moie abiuptly 
or is of gieatei seventy Boland and Willius 93 found that they could 
not pi edict from the clinical lustoiy and physical findings whethei the 
liver would show atrophy 01 necrosis The possibility of an additional 
toxic factor m their cases could not be excluded 

In the more seveie cases, especially those with a histoiy of multiple 
episodes of heait failuie, theie was consideiable evidence of condensa- 
tion and thickening of leticulum, especially m the aieas of degeneration 
This thickening of the leticulum on occasion went on to tiue fibiosis 
Both authois insist that condensation of leticulum does not wail ant 
the use of the term “caidiac curhosis” but accept it as signifying moi- 
phologic mciease in connective tissue in the livei consequent to conges- 
tive failuie but point out that clinical caidiac cirrhosis signifies the 
extieme fibrosis which results fiom chiomc passive congestion and 
causes evidences of poital obstiuction 

If the definition of cmhosis piopounded by Gibson and Robeitson, 
i e, hepatic degeneration, fibiosis and paienchymal i egeneration, be 
accepted, and we believe it should be, then these cases of Boland and 
Willius and of Katzin, Wallei and Blumgait should be refened to as 
examples of cardiac fibiosis of the livei and not of caidiac cmhosis 
Boland and Willius also include m then lepoit a few cases m which 
m addition to the degeneiative changes of chronic passive congestion 
and fibious tissue piohfeiation theie weie aieas of adenomatous regen- 
eiation of the few hepatic cells lemaimng m the collapsed lobules 

There was a histoiy of multiple episodes of caidiac failuie, and 
Boland and Willius suggest that dunng the mteivals of paitial caidiac 
recovery theie was fibrosis of the aieas of complete lobulai destiuction 
while the partially destioyed lobules undenvent legeneiative changes 
These few cases appaiently lepiesent cases of tiue curhosis, but even 
m them the possibility of contributing toxins could not be excluded 
Cardiac cirihosis m the stnctest sense must be accepted as a possible 
clinical and pathologic entity, but these studies emphasize its lanty 

GENERAL TEXTBOOKS 

Attention is invited to two monographs lecently published which deal 
with diseases of the gallbladdei and biliary tract (Cartel, Greene and 
Taviss 95 , Walteis and Snell 90 ) Each is pnmaiily a lepoit of the 

95 Cartel, R F , Greene, C H, and Twiss, J R Diagnosis and Manage- 
ment of Diseases of the Biliary Tract, Philadelphia, Lea S. Febiger, 1939 

96 Walters, W, and Snell, A M Disease of the Gallbladder and Bile 
Ducts, Philadelphia, W B Saunders Company, 1940 



GREEN E-FARRELL— LIVER AND BILIARY TRACT 


869 


expei lence of its wnteis Each presents a statistical study of an exten- 
sive suigical experience 

The most noteworthy featuie of the two textbooks, however, is the 
diffeience in the point of view The volume of Walteis and Snell 
follows the traditional foim and stresses the anatomic and pathologic 
changes m the gallbladder and biliary tiact Cholecystitis and gallstones 
aie accepted as unfortunate but leal conditions The treatment is sui- 
gical, and the opeiation is lepoited as curative 

The volume of Caiter, Gieene and Twiss depaits fiom the tiaditional 
m that the point of view is pi imarily physiologic, and the emphasis is on 
function lathei than on foim They agree that gallstones and a function- 
less, infected, fibiotic gallbladdei represent pathologic entities which 
necessitate surgical methods of treatment but emphasize that such con- 
ditions in many cases appaiently anse as the result of a piecedmg func- 
tional distui bailee If the physician can lecognize and by appiopriate 
medical therapy collect this functional distui bance, the development of 
the surgical lesion may be pi evented Fuitheimoie, suigical opeiation 
does not always coirect the functional distui bance, and the patient 
lequires caieful postopeiative as well as pieopeiative medical manage- 
ment The textbook theiefore sti esses the selection of diet and the 
details of medical management The diagnostic value of duodenal diam- 
age likewise is stressed 

These differences in point of view aie detei mined by the mteiests 
ot the authois and the different types of clinical material seen by each 
gi oup Pi imai lly, the differences ai e matters of organization and method 
of piesentation The caieful leader will find that in the majority of 
instances the question of the choice of medical or of suigical methods 
of tieatment and the methods of tieatment consideied appiopnate aie 
the same 



News and Comment 


Second Graduate Course in Internal Medicine, Vanderbilt University 
Medical School — This course consists of supervised work with patients in the 
medical outpatient service, including the related specialties , experience in the diag- 
nostic laboratories, assigned reading, seminars and confeiences, including patho- 
logic and radiologic conferences and autopsy study, and directed study and seminars 
in the preclimcal sciences, particularly physiology and biochemistry Special 
investigation of a particular problem in one of the divisions of internal medicine 
as the basis of a thesis will be required The course extends over a period of 
one year and is open to physicians who have completed an internship, have had 
an additional year’s experience as assistant resident in medicine or its equivalent 
and are acceptable to the school The second course begins July 1, 1940 The 
tuition fee is $300 

Applications for admission and fellowships will be received by the Director of 
Postgraduate Instruction, Vanderbilt University Medical School, until April 15, 
1940 

Three fellowships are available for this couise These fellowships, which pro- 
vide tuition, board and lodging, are open to those who meet the requirements 
mentioned and will be awaided on the basis of training and recommendations 

American Heart Association — The sixteenth scientific sessions of the 
American Heart Association, Inc , will be held at the Roosevelt Hotel, New 
York, June 7 and 8 On the first day there will be a program on the heart, 
and on the second day the program of the Section for the Study of the Peripheral 
Circulation will be presented 

American Public Health Association — The sixty-ninth annual meeting of 
the American Public Health Association will be held in Detroit, October 8 to 11 
The Book-Cadillac Hotel will be the headquarters Dr Reginald M Atwater, 
50 West Fiftieth Street, New York, is executive secretary 

The Michigan Public Health Association, the American School Health Asso- 
ciation, the International Society of Medical Health Officers, the Association of 
Women in Public Health and a number of other allied and related organizations 
will meet in conjunction with the association 

The Michigan Committee on Arrangements is headed by Mr Abnei Darned, 
of Detroit Dr Henry F Vaughan, health commissioner of Detroit, is executive 
secretary of the committee 

American Association for the Advancement of Oral Diagnosis — The 
annual meeting of the American Association for the Advancement of Oral Diag- 
nosis will be held on Oct 17 and 18, 1940, at the building of the New York 
Academy of Medicine, 2 East One Hundred and Third Street, New York 

Further information and membership blanks may be procured from Dr H 
Justin Ross, executive office, 515 Madison Avenue, New York 

Industrial Health — The twenty-fifth annual meeting of the American Associa- 
tion of Industrial Physicians and Surgeons, together with the first annual meeting 
of the American Industrial Hygiene Association, will be held at Hotel Pennsyl- 
vania, New York, June 4 to 7, 1940 Technical and scientific exhibits will be a 
feature of the convention The dinner on Thursday evening, June 6, will be the 
occasion of the presentation of the William S Knudsen avvaid for the year of 
1939-1940 
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Book Reviews 


Fisiopatologia dello scompenso cromco di circolo By D Cesa-Bianchi and 
M Calabresi Pp 187 Rome Luigi Pozzi, 1936 

This work digests thoroughly the majority of the lecent European and Ameri- 
can articles on the pathogenesis of cardiac and circulatory decompensation The 
results of studies carried out in the authors’ clinic are presented in essence, but 
no quantitative data are offered Most of their work has been concerned with 
the biochemical features of circulatory failure Much significance is attached by 
them to the defects of ladtic acid metabolism, the oxygen debt and the increased 
basal metabolic rate of decompensated patients The authors revel in the para- 
doxes which are apparent on comparing the theories and facts relating to decom- 
pensation They argue that the majority of the data are complementary, not 
contradictory They think that decompensation of the circulation occurs when 
the cardiac output is inadequate for the tissue needs The decreased blood supply 
causes capillary stasis, tissue hypoxia and the formation of acid metabolites 
Concurrently with the diminution in output, there must be a damming back of 
that blood which would normally be ejected This causes retrograde stasis and 
\enous hypertension and further insults the tissues injured by the hypoxia This 
synthesis, then, is a fusion of the theories of forward and backward failure 

Notable omissions from lengthy consideration are the theories of dyspnea that 
Peabudy, Harrison and others have advanced 

Although the paper was prepared for a clinical congress, the clinical impli- 
cations of the data are meagerly presented, and no therapeutic deductions are 
made 

Diseases of the Skm By Richard L Sutton and Richard L Sutton Jr Tenth 
edition Price, $15 00 Pp 1549, with 1452 illustrations and 21 color plates 
St Louis The C V Mosby Company, 1939 

In this tenth edition the authors have attempted, very successfully, to correlate 
descriptions and concepts of disorders of the skm with general medicine and biology 
— to answer the question “What is going on ? ” rather than to content themselves 
with classification This approach has necessitated radical rearrangement and the 
inclusion of much material not to be found in the ninth edition Also added are 
ten color plates and a large number of new illustrations The bibliography is 
extensive and includes many additional comments intended primarily for the special 
student The book should seive as a valuable work of reference for the internist 

A Textbook of Medicine By American Authors Edited by Russell L Cecil 
Fourth edition Price, $9 Pp 1,614, with 42 illustrations Philadelphia 
W B Saunders Company, 1937 

Cecil’s “Textbook of Medicine” has established itself so solidly that the periodic 
appeal ance of new editions is taken as a matter of course In this fourth edition 
the general scheme and format are preserved, and, as far as the reviewer can 
see, the various articles have been brought well up to date The book is to be 
recommended especially as a miniature system of medicine, most of the articles 
being written by recognized authorities, but the large number of contributors 
makes one feel the lack of a uniform point of view For purposes of general 
reference there is no better book 
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Results Followed Up for Twenty Years After Grafting of the Thyroid 
in Cases of Myxedematous Creatmism By Serge Voronoff Tians- 
lated by Theodore C Merrill Bulletin 492, Societe de pathologie comparative, 
Paris, October 1937 

Case reports are presented of 3 myxedematous cietins each of whom received 
a thyroid transplant either from his mother or from an ape The submitted 
photographs, the data on physical and mental growth and the basal metabolism 
indicate that the transplanted glands tiuly “took” The author believes that, 
aside from the usual precautions taken with glandular transplants, the grafting 
of the gland to its usual site is important 

Clinical Allergy By Louis Tuft, MD Price, $8 Pp 711, with 82 illustra- 
tions Philadelphia W B Saunders Company, 1937 

As a number of excellent texts on allergy have appeared in the past few years, 
one wonders on seeing still another whether it has any novel features The 
reviewer is very favorably impressed with Tuft’s compact treatise, which is well 
written and seems to cover the subject m a thorough and yet not extreme manner 
Of particular value to the reader and the student are the various excellent lllus- 
tiations, the summary of much material in tabular form and the charts and 
diagiams, such as those of the distnbutions of various pollens 
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PANCREATIC LITHIASIS ASSOCIATED WITH 
PANCREATIC INSUFFICIENCY AND 
DIABETES MELLITUS 

REPORT OF TWO CASES 
SAMUEL S ROCICWERN, MD* 

CINCINNATI 

and 

DANIEL SNIVEL Y, MD 

ROCK ISLAND, ILL 

• 

Panel eatic lithiasis is a l datively laie pathologic entity A careful 
study of the hteiature published befoie 1939 leveals a total of approxi- 
mately 125 repoited cases of the disease Accoidmg to Witherspoon, 1 
until 1935 operation had been performed m only 28 cases and m but 4 of 
these had a diagnosis been made pnoi to operation 

It was our pnvilege to observe 2 patients with this disease who weie 
admitted to the medical seivice of the Cincinnati Geneial Hospital 
within the period of one month The condition of the first patient 
was diagnosed dui mg life and that of the second at autopsy In the 
fiist case we weie able to confirm the diagnosis by demonstrating a 
definite lack of panci eatic enzymes both in the duodenal fluid and m 
the feces In addition to the usual management of a diabetic patient, 
we admimsteied lathei laige amounts of a potent preparation of pan- 
el eatic enzymes and obseived the favorable effect 

REPORT OF CASES 

Case 1 The diagnosis was made during the life of the patient by roentgen 
examination and by the typical signs and symptoms of pancreatic lithiasis The 
patient, Mrs L F , a 50 year old white woman, had spent most of her life in 
Tennessee She was in good health until four years prior to her admission to the 
hospital At that time she began to have typical signs and symptoms of diabetes 
melhtus A physician informed her that she had diabetes, placed her on a special 

* Fellow in Diabetes, the University of Cincinnati College of Medicine 

From the College of Medicine, Department of Internal Medicine of the Uni- 
versity of Cincinnati and the Cincinnati General Hospital This investigation 
was aided by the Espy Fund for the Study of Diabetes 

1 Witherspoon, J Pancreatic Lithiasis, South M J 11 10 64, 1937 
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diet and instructed her to take insulin She did not adheie to the diet, nor did 
she take insulin Shortly after this time she had an attack of severe, knifehke 
pain in the right upper quadrant of the abdomen, which radiated to the epigastrium 
and posteriorly to the light scapular legion At the same time she became nauseated, 
and her abdomen became distended with gas Diarrhea occurred, with the passage 
of six to eight light yellow, soft, fatty stools, which contained undigested particles 
of food The attack then subsided spontaneously, and the patient had no repeti- 
tion of the episode for about six months, when a similar attack occurred The 
attacks then became more frequent and of greater severity and duration During 
the year preceding admission to the hospital attacks occurred on an average of 



Fig 1 — Lateral loentgenographic view of the abdomen in case 1, illustrating 
infiltration of calculi into the head, body and tail of the pancreas 

every two or three months In the two weeks before admission she had four 
rather severe attacks The attacks characteristically occurred about two hours 
after eating, the pain lasting for about three hours The pain was not relieved by 
ingestion of food The signs and symptoms of diabetes had persisted from the 
time of onset until the date of admission to the hospital At the age of 9 years 
the patient suffered from malaria When she was 32 she was operated on for 
“female trouble ” The past history was otherwise of no significance 

Physical examination revealed emaciation and evidence of wasting The 
temperature was 986 F, the pulse rate 84, the respiratory rate 20 and the blood 
pressure 110 systolic and 60 diastolic She weighed 90 pounds (40 8 Kg) The 
skm was dry, loose, inelastic and wrinkled It had a yellowish brown color 
similar to that often associated with malignancy The right kidney was palpable , 
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there were tenderness and muscle spasm m the right upper quadrant of the 
abdomen, but no mass could be felt there or in the epigastrium A ventral hernia 
was present below the umbilicus, in the region of the scar from a pelvic operation 
Physical examination gave otherwise essentially negative results 

Laboratory examination revealed a negative Kahn reaction of the blood and 
a red cell count of 4,450,000, with a hemoglobin -value of 13 4 Gm The white 
cell count and the differential count were within normal limits Examination of 
the urine revealed a trace of albumin, a 3 plus reaction for sugar and a 1 plus 
reaction for acetone The stool was voluminous, light tan, soft and oily, with many 
particles of grossly undigested meat and vegetables Microscopic examination 
revealed many striated muscle fibers, vegetable fibers and fat globules The 
blood sugar during fasting was 344 mg per hundred cubic centimeters A dextrose 



Fig 2 — Anteroposterior roentgenographic view of the abdomen in case 1, 
showing calculi in the head, body and tail of the pancreas 

tolerance test was performed, 100 Gm of dextrose being administered by mouth 
One-half hour later the value for blood sugar was 400 mg per hundred cubic 
centimeters , one hour later it was 488 mg , two hours later, 500 mg , and three 
hours later, 513 mg The cholesterol content of the blood w’as 125 mg , the icteric 
index, 8 , the value for blood phosphatase, 5 3 mg , and the blood phosphorus 
content, 2 8 

Anal} sis of the gastric contents reiealed the presence of considerable mucus, 
a trace of bile and the absence of free acid in the fasting specimen, with the 
presence of 1 5 degrees of free acid, fifteen minutes after the intramuscular admin- 
istration of histamine The corresponding amounts of total acid were 3 degrees 
for the fasting specimen and 4 degrees for the fifteen minute specimen Micro- 
scopic examination of the gastric contents re\ealed a few white and red cells and 
manv particles of undigested food 
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Repeated drainage of the gallbladder revealed A, B and C bile in normal 
quantities No bile-stained cells were present, and cholesterol crystals were not 
detected A large number of fat globules were present in all three types of bile 
Tests to detect quantitatively the deficiency of the pancreatic enzymes were per- 
formed on specimens of the duodenal juice, feces and urine Tryptic activity of 
the duodenal juice as determined by the Gross method was under 1 unit, the average 
normal value being 2 S units The amylopsm content of the duodenal juice as 
determined by the Myers and Fine method was 2 5 units, the average normal 
amylolytic activity of duodenal juice being 40 units Tryptic activity of a speci- 
men of stool as determined by the Gross method was 8,000 units, as compared 
with an average normal value of 12,500 units The amylase content of the stool 
as determined by the Myers and Fine method was 10,000 units, the normal value 
ranging from 30,000 to 60,000 units 2 The amylase content of the urine was 
normal 

A series of roentgenograms of the gastrointestinal tract revealed diffuse areas 
of calcification in the region of the pancreas (figs 1 and 2) No pancreatic 
calcifications could be demonstrated by fluoroscopic examination Roentgenograms 
of the gallbladder did not give visualization of this organ 

The patient was placed on a diet for diabetic patients, high in carbohydrates 
and low in fats, and was given protamine zinc insulin in conjunction with a com- 
mercial preparation of pancreatic enzymes The attacks of pain became much 
less frequent and relatively mild , the diarrhea disappeared, and the patient gained 
10 pounds (4 5 Kg ) A short time after her discharge the blood sugar during 
fasting was 90 mg per hundred cubic centimeters, and the urine was free of 
sugar and acetone 

Case 2 — Mrs F B , a 38 year old Negress, was admitted to the hospital in 
coma at 4 30 p m on March 13, 1938 The history, as obtained later from her 
husband, revealed that the patient had been receiving treatment for diabetes 
mellitus for several years at her home in Georgia She had been taking insulin 
regularly About three months before admission to this hospital she was in a 
hospital in Georgia for several weeks At that time she was said to have been 
unconscious for five days The patient came to Cincinnati ten dajs before being 
admitted to this hospital She had made no provision for receiving insulin during 
her stay, and the day after her arrival she complained of sore throat and malaise 
She went to bed and became delirious Five days before she was brought to the 
hospital she lapsed into unconsciousness 

Physical examination on admission revealed emaciation The eyeballs were 
soft and sunken The heart rate was rapid, and the sounds were faint Rales 
were heard at the bases of both lungs, but these were not marked The abdomen 
was tense, no masses could be palpated The patellar reflex was absent on both 
sides 

The red cell count and the value for hemoglobin were within normal limits 
The white cell count was 12,800, with 94 per cent neutrophils, 5 per cent lympho- 
cjtes and 1 per cent monocytes Urinalysis revealed albumin, 1 plus, acetone, 
2 plus, and sugar, 4 plus, with a few white blood cells and occasional epithelial 
cells and hyaline and granular casts The sedimentation rate was 24 mm in 
one hour The sugar content of the blood was 417 mg per hundred cubic centi- 
meters, the carbon dioxide-combining power was 17 volumes per cent, and the 
value for urea nitrogen was 55 mg per hundred cubic centimeters 

2 Levinson, S A , and MacFate, R P Clinical Laboratory Diagnosis, 
Philadelphia, Lea & Febiger, 1937 
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On admission the patient received insulin, intravenous injections of fluids, 
lavage with a solution of sodium bicarbonate and application of heat to the body 
However, she became progressively worse The blood pressure fell from its 
highest reading of 72 systolic and 48 diastolic to a pressure which was too low 
to register The blood sugar content shortly before death was 440 mg per hundred 
cubic centimeters, with a carbon dioxide-combining power of 25 volumes per cent 
The patient died five hours after admission 

The interesting postmortem observations as reported by Dr R Ritterhoff, of the 
department of pathology of this hospital, were in the pancreas This organ was 



Fig 3 — Microscopic section of the pancreas in case 2, illustrating extreme 
fibrosis with chronic interstitial inflammation, marked arteriosclerosis and arteriolo- 
sclerosis and dilated pancreatic ducts m which calcium is present Note the pinch- 
ing off of the acini and islets of Langerhans 

small and atrophic and was pink-white It weighed 50 Gm The tail and body 
appeared as a thin band, measuring 1 4 cm in the greatest width On palpation 
the pancreas was stony hard and very nodular Cut sections of the nodular areas 
revealed a thin envelop of pancreatic tissue suriounding soft white calcaleous 
masses, which varied from 1 to 3 cm m diameter The pancreatic ducts were 
thickened, dilated and filled with the white calcareous masses Microscopically, 
the pancreatic tissue showed considerable fibrosis, fatty degeneration and chronic 
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inflammation, with almost total lack of functioning pancreatic tissue (figs 3 and 4) 
The kidneys re\ealed glycogenic degeneration 

COMMENT 

The first case of pancreatic lithiasis in the literature was reported 
by de Grafif m 1667 (cited by Seeger 2a ) He made no mention of 
associated glycosuna In 1788 Cawley 3 repoited a case of pancreatic 
lithiasis in which the patient had had diabetes melhtus during life He 



Fig 4 — Microscopic section of the pancreas m case 2, illustrating extreme 
fibrosis with chronic interstitial inflammation and fatty invasion of the substance 
of the pancreas 


was the first to associate stones in the panel eas with diabetes It 
remained foi von Menng and Minkowski 4 m 1889 to demonstrate for 

2a Seeger, S M Pancreatic Lithiasis, Radiology 10 126, 1928 

3 Cawley, T A Singular Case of Diabetes, Consisting Entirely in the 
Quality of the Urine, with an Inquiry into the Different Theories of That Dis- 
ease, London M J 4 289, 1788 

4 von Mering, J , and Minkowski, O Diabetes melhtus nach Pankreasex- 
stirpation, Arch f exper Path u Pharmakol 26 371, 1889-1890 
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the first time the true relationship between the panel eas and diabetes It 
is interesting to note that Banting received the initial stimulation for his 
epoch-making discovery of insulin by reading the report of a case of 
pancreatic lithiasis made by Barron m 1920 5 & Barron reiterated what had 
previously been said by Opie, G that stones cause atrophy of the gland but 
that the islands of Langeihans remain intact, glycosuria being found 
only in the event that intei stitial pancreatitis develops 

Among 7,402 neciopsies performed at the Cincinnati General Hos- 
pital between Jan 1, 1927 and Jan 1, 1938, there were noted but 3 
instances of panci eatic lithiasis One of the patients had been admitted 
to the hospital m diabetic coma , the second had a fracture of the skull, 
and the third had lobar pneumonia The last 2 patients had no history 
of previous glycosuria In 1903 Oser 7 reported 70 cases of pancreatic 
lithiasis, m 24 of which glycosuria was demonstrated Dillon 8 9 examined 
the autopsy recoids m 2,800 cases at the Philadelphia Geneial Hospital 
and found only 2 cases of pancreatic lithiasis 

In 1936 Dr J G Mayo 0 found a total of 25 pioved cases of pan- 
el eatic lithiasis in the lecoids of the Mayo Clinic In 2 of these, the 
correct diagnosis was made dunng the life of the patient, and was 
confirmed at operation in the first case and at autopsy in the second In 
14 cases the lithiasis was discovered incidentally m the course of opera- 
tions for othei conditions In 9 cases the diagnosis was made post 
mortem 

The cause of panci eatic lithiasis has not been determined with 
certainty It has been stated that stasis plays an impoi tant role Experi- 
ments on animals m which the mam duct was tied did not result 
in the fonnation of stones Neatly all of the stones that are found m 
the pancreas are composed of calcium carbonate The secretion of the 
pancreas does not contain calcium caibonate, and for this reason it is 
thought that some factoi, piobably infection, alters the secretion, thus 
bringing about the formation of stones The stones are usually found 
in the ducts and sometimes in c) sts, m abscesses or scattered throughout 
the entire gland Ma)o° divided pancreatic stones into two types 
first, true stones occuumg m the ducts, and second, false stones repre- 

5 Barron, M Relation of Islets of Langerhans to Diabetes, Surg, Gynec 

& Obst 31 437, 1920 

6 Opie, E L Diabetes Mellitus Associated with H\ aline Degeneration of 
the Islands of Langerhans of the Pancreas, Bull Johns Hopkins Hosp 12*263, 
1901 

7 Oser Disease of the Pancreas, in Nothnagel, H Practical Diseases of 
the Liver, Philadelphia, W B Saunders Company, 1903, <vol 3, pp 11-303 

8 Dillon, E S Report of Two Cases Shoving Gljcosuna Following 
Obstruction of the Pancreatic Ducts, Bull Ayer Clin Lab 8 35, 1924 

9 Ma> o, J G Pancreatic Calculi, Proc Staff Meet, Majo Clin 11 456 

1936 
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sentmg calcification of the parenchyma following pancreatitis He 
stated the belief that disease of the biliary tract is the causative agent 
m most cases About 7 5 per cent of the cases repoited have occurred 
in men The largest solitary stone found was 2 5 inches (64 cm ) in 
diameter 

Of the symptoms, the most important and most common is pain 
The pain is present in the epigastrium, sometimes to the right and 
sometimes to the left of the midlme and often radiates posteriorly 
Many patients complain of pain apparently similar to that which occurs 
in biliary colic Colicky epigastric pain was present in 19 of 29 cases 
collected by Ackman and Ross 10 During the attacks of pain, the patients 
often have diarrhea, the stools are light tan, greasy and spongy, and 
contain much grossly undigested food These attacks may be accom- 
panied by nausea and vomiting Nearly all the patients complain of 
loss of weight In a few cases jaundice has been found Studies of 
enzymes have revealed marked diminution in pancreatic ferments Other 
observations reported include stones m the stool, cutaneous pigmentation, 
a palpable mass in the epigastrium and a history of duodenal ulcer 
These conditions do not occur with sufficient frequency to be of much 
diagnostic significance 

Roentgen examination is the most impoi tant aid in making the diag- 
nosis during the life of the patient In some cases the stones cannot be 
visualized, thereby making diagnosis difficult Careful loentgen exami- 
nation of the abdomen during visualization studies of the gallbladder 
would aid in making the diagnosis more frequently Since many of the 
patients complain of pain similar to that m disease of the gallbladder, 
the taking of roentgenograms is usually limited to the right upper 
quadrant of the abdomen In such cases the diagnosis may be missed 
On the other hand, a flat roentgenogram of the abdomen taken befoie 
the admimstiation of barium sulfate will usually reveal any stones 
which may be present m the panel eas As pointed out by Hoech- 
stetter, 11 the presence of an opaque medium, such as barium, m the 
stomach and intestines almost entirely obscures the site of the pancreas , 
hence the importance of taking a roentgenogram before the administra- 
tion of the opaque meal Stones in the region of the pancreas must 
be differentiated from renal lithiasis, calcified lymph nodes and chole- 
lithiasis It is of interest that m spite of the clear demonstration of 
the stones by a roentgenogram, it may be impossible to visualize them 
with the fluoroscope, even after their exact location is known We 
observed this to be tiue m our first case 

10 Ackman, F F, and Ross, A Pancreatic Lithiasis, Surg, Gyncc & 
Obst 55 90, 1932 

11 Hoechstetter, S Pancreatic Lithiasis, Am J Roentgenol 37 33, 1937 



ROCKWERN-SNIVELY— PANCREATIC LITHIASIS 


8S1 


Contrary to the common belief that surgical treatment of this con- 
dition is fraught with danger, only 2 of 26 patients opeiated on died 
In neither of these cases was fat neciosis or pentonitis the cause of 
death 2a 

SUMMARY 

Approximately 125 cases of pancreatic hthiasis had been reported 
in the literature befoie 1939 Two cases are presented m this report 
The signs and symptoms of pancreatic hthiasis may simulate closely 
those of disease of the gallbladder The diagnosis was made during the 
life of the patient m 1 case and at autopsy m the othei Diagnosis 
may be made more frequently during life by careful roentgen examina- 
tion of the abdomen before the administration of baiium 



THE LEVEL OF IODINE IN THE BLOOD 
H J PERKIN, MA 

AND 

FRANK H LAHEY, MD 

BOSTON 

Roger’s “Piactica,” written about 1170, pi escribed ashes of sponge 
and seaweed for goitei , 1 yet knowledge of the therapeutic value of 
iodine products in treatment of this disease and of the metabolism of 
iodine within the body has been developed only within the present 
century Clinical and experimental evidence points to the fact that one 
of the primary functions of the thyioid gland concerns the metabolism 
of iodine It is essential, therefore, to acquire as gieat an insight as 
possible into the biochemistry of iodine m normal and in goitrous 
persons Investigations of the level of iodine m the blood have yielded 
information of value The present communication deals with the 
development of knowledge of the concentration of iodine in the blood 
together with an anal) sis of a series of values for blood iodine in 1,078 
consecutive patients with clinical hyperthyroidism and m 745 persons 
without evidence of thy rotoxicosis 

The quantitative estimation of the iodine content of the blood is not 
an easy procedure This fact is evident from the numerous methods 
of analysis in the literature 2 Many investigatois experience difficulty 
in applying the method outlined by anothei vvorkei and accordingly 

From the Research Foundation and the Department of Surgery, the Lahey 
Clime 

1 Garrison, F H An Introduction to the Historj of Medicine, ed 3, Phila- 
delphia, W B Saunders Company, 1922, pp 141-142 

2 (a) Bourcet, P Recherche et dosage colorimetrique de petites quantites 

'd’lode dans les matieres organiques, Compt rend Acad d sc 128 1120-1122, 
1899 ( b ) Hunter, A The Determination of Small Quantities of Iodine with 

Special Reference to the Iodine Content of the Thyroid Gland, J Biol Chem 
7 321-349, 1909 (c) Blum, F , and Grutzner, R Methoden der Jodbestimmungen 

in organischen Substanzen, Ztschr f physiol Chem 85 429-470, 1913 ( d ) 
Kendall, E C Determination of Iodine m Connection with Studies m Thyroid 
Activity, J Biol Chem 43 149-159, 1920 (r) McClendon, J F The World’s 

Supply of Iodine in Relation to the Prevention of Goitre, Science 56 269-270, 1922 
(/) von Fellenberg, T Das Vorkommen der Kreislauf und der Stoffwechsel des 
Jods, Ergebn d Physiol 25 176-363, 1926 (p) Leitch, I , and Henderson, J M 

The Estimation of Iodine in Food Stuffs and Body Fluids, Biochem J 20 1003- 
1007, 1926 (/i) Pfeiffer, G Ueber em neue Schnellbestimmung von orgamsch 

gebundenem Jod, Biochem Ztschr 195 128-133, 1928 (i) Kuhn, P , and Loeser, 
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devise a modified or a new technic In some instances simplicity and 
rapidity have been the reasons for developing another method In 
estimating the iodine content of the blood, one of two principles is usually 
followed The first is lefened to as the open combustion method 

A Emfache Schnellmethode zum quantitativem Naclnveis von orgamsch gebun- 
denem Jod in ICorperflussigkeiten, Arch f exper Path u Pharmakol 131 262-267, 
1928 0) Jochman, E Em Beitrag zur von Fellenbergschen Jodbestimmungs- 

mcthode, Biochem Ztschr 194 454-460, 1928 ( k ) McClendon, J F The Deter- 
mination of Traces of Iodine, J Am Chem Soc 50 1093-1099, 1928 (0 Lunde, 

S , and Closs, K Determination of Iodine m Blood Norsk mag f laigevidensk 
89 500-506, 1928 (in) Pincussen, L , and Roman, \V Gememsame Bestimmung 
der Halogene in organisclien Substanzen, Biochem Ztschr 207 416-429, 1929 
(«) Reith, J F Die Mikiobestimmung von Jodiden neben anderen Salzen, ibid 
216 249-268, 1929 (o) Ghmrn, E , and Isenbruch, J Ueber die Bestimmung 

kleinster Jodmengen, ibid 207 368-376, 1929 (/>) Turner, R G A Micro 

Colorimetric Method for the Quantitative Estimation of Iodine in Blood, T Biol 
Chem 88 497-511, 1930 ( q ) Aitken, A A Improved Method foi the Deter- 
mination of Iodine in Blood, Biochem J 24 1456-1459, 1930 (?) Scheffer, L 

Mikro-jod-bestimmung in organisclien Substanzen, Biochem Ztschr 228 426-436, 
1930 (s) Schwaibold, J , and Harder, B Die Bestimmung des Jods in bio- 

chemischen Materiahen, ibid 240 441-453, 1931 ( t ) Remington, R E , McClendon, 
J F , and von Kolmtz, H The Determination of Traces of Iodine Further 
Refinements in Technic, J Am Chem Soc 53 1245-1249, 1931 (??) Elmer, A W 

Zur Vereinfachung der Mikrojodbestimmung, Biochem Ztschr 248 163-167, 1932 
( v ) Davis, C B , and Curtis, G M The Quantitative Determination of the 
Iodine Content of Blood, J Lab & Clin Med 18 24-29, 1932 (tc/) Baumann, 

E J , and Metzger, N The Determination of Iodine m Blood, Foods and Urine, 
J Biol Chem 98 405-416, 1932 (.r) Allot, E N , Dauphmee, J A , and Hurtle} , 
W H The Determination of Small Quantities of Iodine m Blood, Biochem J 
26:1665-1671, 1932 (y) Widman, E Die Methodik der Blutjodbestimmung, 

Biochem Ztschr 254 223-228, 1932 (c) Leipert, T Die Bestimmung kleinster 

Jodmengen inorgamschen Material, ibid 261 436-443, 1933 (a') Perkin, H J 

Determination of Iodine in Blood, Biochem J 27 1078-1081, 1933 ( b ') Eycker- 

nun, J Eine Mikrobestimmungsmethode des Jods nn Blut und anderen flussigen 
oder verflussigten organisclien Produkten, Ztschr f Kmderh 54 435-439, 1933 
tc') Phillips, F J , and Curtis, G M Blood Iodine Studies IV The Clinical 
Determination of Iodine m Blood, Urine and Feces, Am J Clin Path 4 346-353, 
1934 ( d ') McCullagh, DR A New Method for the Determination of Iodine, 

J Biol Chem 107*35-44, 1934 (e') Harvey, C O Determination of Iodine in 

Biological Substances, Medical Research Council, Special Report Senes, no 201, 
London, His Majesty’s Stationery Office, 1935 (/') Tre\orrow, V, and Fashena, 

G J The Determination of Iodine m Biological Material, J Biol Chem 110 
29-38, 1935 ( g ') Wilmanns, H Zur Methodik der Mikrojodbestimmung in 

biologischen Material, Biochem Ztschr 289 41-51, 1936 ( h ') Hamilton, R H 

Improvements in Technic for the Determination of Microgram Quantities of Iodine, 
J Am Chem Soc 58 1592-1594, 1936 (?') Fashena, G J , and Tievorrow, V ’ 

A Note m the Determination of Iodine in Biological Material, J Biel Chem 
114 351-355, 1936 (/') Ste\ens, C D Determination of Iodine m Biological 

Material, J Lab & Chn Med 22 1074-1079, 1937 
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Proceduies employing open combustion are held in disfavor by some 
workers because of the susceptibility to loss of iodine and to contamina- 
tion from the environment 3 The second principle is recognized as the 
closed system, the destruction of the organic material being done within 
a closed chamber Methods involving the lattei system have likewise 
been the subject of criticism 4 It is not our purpose to detail the 
advantages or the shortcomings of either pi mciple In approximately 
25,000 analyses of blood iodine we have used an open combustion 
method 2a ' and have found it to be satisfactory for our purposes We 
believe that any investigator who' will carefully adhere to the technic 
of any of the so-called standard procedures for determining the iodine 
content of the blood can obtain results which are relative one to another 

In 1900 Gley and Bourcet, 5 6 using Bourcet’s method, 20 demonstrated 
the presence of iodine m the blood of dogs Using a liter of blood for 
analysis, they secured an average value of 5 5 micrograms per hundred 
cubic centimeters The accuracy of this figure is recognized Gallard, 0 
using the same method, studied the level of iodine m the blood of rabbits 
after the application of iodine to the skin In 1914 Blum and Grutzner 7 
expressed doubt of the existence of iodine as a normal constituent of the 
blood of human beings Cameron 8 9 in 1914 and 1915, using the method 
of Hunter, 2b was unable to detect iodine in the blood of dogs and of 
rabbits These negative results can be attributed to the small amount 
of blood (0 5 Gm ) used for a single estimation Twenty years after 
Gley and Bourcet’s original discovery, Kendall and Richardson 0 con- 
firmed the presence of iodine in blood Using 100 Gm of blood from 
dogs for analysis, they reported an average value of 13 micrograms per 
hundred grams 

From this work it was evident that iodine occurred naturally m 
normal blood However, the large amount of blood required for one 
determination was a drawback in studying the level of blood iodine m 
human beings This obstacle was overcome by von Fellenberg, who 

3 Mobius, W Vergleichende Blutjoduntersuchungen bei trockener und 
fenchter Veraschung, Biochem Ztschi 253 275-278, 1932 

4 Doering, H Die Blutjodwerte, Biochem Ztschr 280 442-447, 1935 

5 Gley, E , and Bourcet, P Presence de 1’iode dans le sang, Compt rend 
Acad d sc 130 1721-1724, 1900 

6 Gallard, F Sur 1’absorption de 1’iode par la peau et sa localisation dans 
certains organes, Compt rend Acad d sc 128 1117, 1899 

7 Blum, F, and Grutzner, R Kommt Jod im Blut vor ? Ztschr f physiol 
Chem 91 450-464, 1914 

8 Cameron, A T Contributions to the Biochemistry of Iodine The Dis- 
tribution of Iodine m Plant and Animal Tissues, J Biol Chem 18 335-379, 1914, 
23 1-39, 1915 

9 Kendall, E C , and Richardson, F S Determination of Iodine in Blood 
and Tissues, J Biol Chem 43 161-170, 1920 



PERKIN-LAHEY— LEVEL OF IODINE IN BLOOD 


885 


reported in 1926 2f the first micromethod by means of which the quantity 
of iodine m 10 cc of blood could be estimated The development of 
this technic was a stimulus to other investigators, and many studies on 
blood iodine appeared m the literature Probably the most com- 
prehensne of these was the work by Veil and Sturm, 10 which showed 
that the aveiage level of blood iodine in normal human beings was 12 8 
miciograms per hundred cubic centimeters m the summer and 8 3 micio- 
grams per hundred cubic centimeters in the winter This observation 
was confiimed by Maurer and Diez, 11 and further evidence of a seasonal 
vanation m the level of iodine m the blood was reported by Nitzescu 
and Binder 12 and Davis, Curtis and Cole 13 On the other hand, 
Scheunger 14 was unable to discern a seasonal variation m the iodine 
content of the blood, although he noted that a dietary deficiency of 
iodine resulted in a decrease in the iodine m the blood These findings 
were in keeping with the work of Seidell and Fenger, 15 who had 
pieviously leported a seasonal variation in the iodine content of the 
thyroid gland of animals Jansen and Robert 16 reported the normal 
range of values for blood iodine in human beings to be from 12 to 14 
micrograms per hundred cubic centimeteis, they noted that from 70 
to 90 per cent of the total blood iodine was m the plasma In a mono- 
giaph on the biochemistry of iodine Orr and Leitch 17 repoited normal 
values foi blood iodine to be from 6 to 84 microgiams per hundred 
cubic centimeteis Certain of these studies weie the subject of criticism 
by Blum 18 

10 Veil, W H , and Sturm, A Beitrage zur Kenntnis des Jodstofhvechsels, 
Deutsches Arch f khn Med 147 166-223, 1925 

11 Maurer, E, and Diez, S Untersuchungen uber das Vorkommen von Jod 
m menschhchen und tierschen Orgamsmus, Munchen med Wchnschr 73 17, 1926 

12 Nitzescu, I I, and Binder, E Iodemie normale Variations saisonniers, 
lodemie des goitreux, Compt rend Soc de biol 108 279-280, 1931 

13 Davis, C B , Curtis, G M , and Cole, V V Blood Iodine Studies II 
The Normal Iodine Content of Human Blood, J Lab & Clin Med 19 818-830, 
1934 

14 Schermger, W Beitrag zur Kenntnis des Blutjodspiegels beim Weibe 
unter physiologischen Bedmgungen, Arch f Gynak 143 319-337, 1930 

15 Seidell, A, and Fenger, F Seasonal Variations in the Iodine Content of 
the Thyroid Gland, J Biol Chem 13 517-526, 1912-1913 

16 Jansen, W H , and Robeit, F Die Jodfrage beim Kropfproblem, Deutsches 
Arch f 1dm Med 157 224-246, 1927 

17 Orr, J B , and Leitch, I Iodine in Nutrition, Medical Research Council, 
Special Report Series, no 123, London, His Majestv’s Stationery Office, 1929 

18 Blum, F Gebt es einen von der Schilddruse abhangigen Jcdspiegel des 
Blutes ? Schweiz med Wchnschr 8,808-813, 1927 
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Some interest has been taken in the physiologic vanations of the 
level of iodine in the blood Maurei and Diez, 19 Maurer 20 and 
Schennger 14 reported that an increase in blood iodine occui red at the 
menstrual period m normal women Maui er 20 noted an elevation in 
the blood iodine during the latei stages of piegnancy Bokelman and 
Schennger 21 concuired with this observation In addition, Schermgei 22 
reported that an lodme-fiee o\anan extiact was capable of increasing 
the iodine content of the blood Hirsch 23 stated the belief that the 
periodic fluctuations in blood iodine in menstruating women were 
indicative of a thyroid-ovarian relation Leipeit 24 stated that the nonnal 
blood iodine level was 13 ± 4 miciogiams per hundred cubic centimeters, 
irrespective of sex, age oi season He also stated that the blood iodine 
level m women was influenced by menstruation and pregnancy A cyclic 
excretion of iodine in the urine of menstruating women has been lepoited 
by Cole and Curtis 25 Presumably this reflects a fluctuating level of 
iodine in the blood With the appaient existence of many minor 
fluctuations in the level of iodine in blood, the exactitude of such 
physiologic variations lemains to be established In our studies, although 
variations in the iodine content of the blood of individual peisons have 
been observed and attributed to season, to the menses or to pregnancy, 
such observations are not consistent to the degree that they may be 
considered applicable in all instances 

With certain factors effecting mmoi changes in the level of iodine 
in the blood, the greatest deviation from normal was believed to occur 
in patients with clinical h) perthyroidism V eil and Sturm 10 obsen ed 
that the blood iodine m cases of exophthalmic goiter varied from 21 to 
70 micrograms per hundred cubic centimeters Bnlmann, 26 reported a 

19 Maurer, E, and Diez, S Zur Kenntnis des Jods als biogenes Element, 
Ueber Wachstums beschleumgung an j ungen Ratten bei Verfutterung jodangereich- 
erter Kost an das laktierende Muttertier, Biochem Ztschr 182 291-300, 1927 
Schennger 14 

20 Maurer, F E Ueber den Jodgehalt des Blutes und seme Veianderungen 
in Menstruation und Graviditat, Arch f Gynak 130 70-79, 1927 

21 Bokelman, O , and Schennger, W Beitrag zur Kenntnis der Schilddrusen- 
funktion und des Jodstoffwechselse in der Gestation, Arch f Gvnak 143 512- 
536, 1931 

22 Schennger, W Experimented Beemfiussung des Jodstoffwechsels durch 
Corpus-luteum-Hormcn, Arch f Gynak 146 248-260, 1931 

23 Hirsch, O Ueber Beziehungen zwischen Eierstock und Schilddruse bei 
der Basedowischen Krankheit, Deutsches Arch f khn Med 171 44-51, 1931 

24 Leipert, T Zur Kenntnis des physiologischen Blutjodspiegels, Biochem 
Ztschr 270 448-454, 1934 

25 Cole, V V, and Curtis, G M Cyclic Variations in Urmaiy Excretion of 
Iodine m Women, Proc See Exper Biol & Med 31 29-30, 1933 

26 Bnlmann, G Iodine Contents of Blood Especially in Exophthalmic Goiter, 
Hospitalstid 74 395-404, 1931 
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senes of values for blood iodine in normal peisons and m patients with 
nontoxic goiter and with hyperthyroidism Although an ovei lapping m 
the range of the lesults for the diffeient gioups existed, Bnlmann’s 
observations indicated that the estimation of the iodine in the blood was 
of value m the diagnosis of thjiotoxicosis Nuernbeigk and Wid- 
mann 27 stated the belief that the blood iodine level was elevated m all 
patients with disturbances of the vegetative nervous sjstem, including 
exophthalmic goiter Schittenhelm and Eisler 28 reported a consistent 
elevation of the blood iodine let el of fiom 15 to 90 nuciogiams pei 
hundred cubic centimeters m patients with exophthalmic goiter The} 
also noted an elevation in the blood iodine of noimal peisons aftei the 
injection of epinephrine, whereas m patients with exophthalmic goitei 
the findings were reversed Breitner 29 observed an mciease in blood 
iodine in patients with hyperthyroidism, and in these patients the seasonal 
variation was the converse of that pi eviously repoited for normal 
peisons 10 Curtis, Davis and Phillips 30 concluded from their studies 
that a relation existed between the level of blood iodine and the degree 
of activity of the thyroid gland Curtis, Cole and Phillips , 31 Elmer 
and Schepps , 32 Scheffer and von Megay , 33 Stuim, Plotner and Maas , 34 
McCullagh, 35 and McCullagh and McCullagh 30 pi esented evidence 
favoring the diagnostic significance of estimating the blood iodine in 
diseases related to the thyioid gland From the af oi ementioned work, 
the general impression pi evaded that the blood iodine level was con- 
sistently elevated in patients with thyiotoxicosis despite the lack of 
cori elation with the increment in the basal metabolic late 

27 Nuernbergk, H, and Widmann, E Blutjoduntersucliungen bei Vegetatn- 
Stigmatisierten, Klin Wchnschr 10 1712-1713, 1931 

28 Schittenhelm, A, and Eisler, B Der Blutjodspiegel m seiner pathologisch- 
physiologischen und klimschen Bedeutung, Klin Wchnschr 11 6-9, 1932 

29 Breitner, B Blutjodwerte und Jahreszeit, Munchen med Wchnschr 79’ 
513-514, 1932 

30 Curtis, G M , Davis, C B , and Phillips, F J Significance of the Iodine 
Content of Human Blood, JAMA 101 901-905 (Sept 16) 1933 

31 Curtis, G M , Cole, V V , and Phillips, F J The Blood Iodine in 
Thyroid Disease, West J Surg 42 435-488, 1934 

32 Elmer, A W , and Schepps, M The Iodine Content of Blood and of 
Urine and the Basal Metabolic Rate Their Value in the Diagnosis of the 
Function of the Thyroid Gland, Acta med Scandinav 82 126-136, 1934 

33 Scheffer, L, and \on Megay, L Jodstofhvechsel bei Kropftragern, Klin 
Wchnschr 14 1360-1362, 1935 

34 Sturm, A , Plotner, K, and Maas, K Zur Blutjodfrage, Biochem Ztschr 
280 396-412, 1935 

35 McCullagh, D R Studies m Blood Iodine bt the Use of a New Chemical 
Method, Cleveland Clin Quart 2 15-37, 1935 

06 McCullagh, E P , and McCullagh, D R Clinical Experiences in the Use 
of Determinations of Blood Iodine, Arch Int Ivied 57 1061-1066 (June) 1936 
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In contrast to the views pieviously stated, Turner 37 repoited normal 
values for blood iodine in 5 (one third) of 15 cases of clinical hyper- 
thyroidism Veil and Sturm 10 had previously noted the presence of 
normal blood iodine m 3 patients with exophthalmic goiter, the results 
were attributed to treatment with digitalis and quinine More recently 
Perkin, Brown and Lang S8 and Peikm, Lahey and Cattell 30 observed 
the regular occurrence of normal values for blood iodine in about 30 
pei cent of all cases of clinical hyperthyroidism Perkin 40 presented 
additional evidence to indicate that patients with thyrotoxicosis whose 
blood iodine content was normal were usually more refractory to 
surgical treatment Somewhat later Perkin and Hurxthal 41 and Perkin 
and Cattell 42 reported a greater tendency to lecurrent hyperthyroidism 
after subtotal thyroidectomy in patients with exophthalmic goiter who 
had a normal blood iodine level prior to operation 

Since in clinical hyperthyroidism (exophthalmic goiter and adenom- 
atous goiter with hyperthyroidism) an increase in the level of iodine 
in the blood is usual, a subnoimal level might be anticipated m patients 
with myxedema Although results on a large group of cases are lacking, 
Curtis, Cole and Phillips , 31 Elmer and Schepps, 32 and Sturm, Plotner 
and Maas 34 have reported low -values for blood iodine in patients with 
this condition It would seem that the determination of the level of 
iodine in the blood is of questionable significance for diagnostic purposes 
m cases of myxedema because normal persons without evidence of 
thyroid insufficiency but with a subnormal blood iodine level are often 
observed The fact that the average value for blood iodine in patients 
with myxedema is appreciably less than the average in normal persons 
is evidence favoring a relative deficienc}'- of iodine-containing products 
secreted by the thyroid gland in this condition 

As an increase m the urinary excretion of iodine usually reflects 
an increase in the level of iodine m the blood, certain results of 

37 Turner, R G Iodine Content of Certain Pathological Bloods in a Goitrous 
Region, Prcc Soc Exper Biol & Med 29 1294-1296, 1932 

38 Perkin, H J , Brown, B B , and Lang, J Blood Iodine Content of Normal 
and Thyrotoxic Individuals Iodine Tolerance Test, Canad M A J 31 365-368, 
1934 

39 Perkin, H J , Lahey, F H , and Cattell, R B Blood Iodine Studies in 
Relation to Thyroid Disease Basic Concept of the Relation of Iodine to the 
Thyroid Gland, Iodine Tolerance Test, New England J Med 214 45-52, 1936 

40 Perkin, H J The Value of Blood Iodine Estimations m the Treatment 
of Clinical Hyperthyroidism, S Chn North America 16 1509-1511, 1936 

41 Perkin, H J , and Hurxthal, L M The Blood Iodine Level Before and 
After Subtotal Thyroidectomy for Hyperthyroidism, New England J Med 215’ 
698-700, 1936 

42 Perkin, H J , and Cattell, R B Blood Iodine Levels Related to the 
Recurrence of Hyperthyroidism, Surg, Gynec & Obst 68 744-748, 1939 
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deteimmations of the iodine content of urine are mentioned The 
daily excretion of iodine m the urine of a normal person may be 
influenced by the daily regimen, the district in which the peison lives 
and physiologic sex factors Scheffer 43 noted an increased unnar) 
excretion of iodine m untreated patients with hyperthyroidism From 
his studies Scheffer concluded that thyrotoxic patients had a negative 
iodine balance Curtis and Phillips 44 concurred with this obseivation 
Elmer and Schepps 32 reported that an increased excretion of iodine 
was present only m patients with severe hyperthyroidism The problem 
has been studied more recently by Curtis and Puppel 45 Because of the 
limited stores of iodine m the body, it is difficult to conceive of a patient 
with clinical hyperthyroidism having a negative iodine balance 
indefinitely In this connection we 40 presented evidence to show that 
the blood iodine level was usually elevated m patients with clinical 
hyperthyroidism who had had symptoms of th\ rotoxicosis for nine 
months or less, after the symptoms of hyperthyroidism had peisisted 
untreated for one year or longer, the blood iodine was generally obseived 
to be normal This observation, together with the previously mentioned 
studies on the urinary excretion of iodine, is in keeping with the results 
of chemical and histologic studies which have shown decreased amounts 
of iodine and colloid in the thyroid glands removed fiom untieated 
patients with exophthalmic goitei 47 Thus elevation of the blood 
iodine level and a concomitant increased urinary excietion of iodine would 
appear to be dependent on the presence and release of iodine fiom the 
thyroid gland One might assume that the depletion of iodine fiom 
the thyioid gland of patients with exophthalmic goitei of long dma- 
tion would result in spontaneous l emission of the thyiotoxicosis 
Although this is known to occur in some instances, w^e 40 ha\e obseived 
cases of severe, long-standing exophthalmic goiter in which no iodine 
was found m the blood and a negligible amount w r as excreted m the 
urine The thyroid gland of such patients should be maikedly deficient 
in iodine, but this fact could not be proved since iodine medication had 

43 Scheffer, L Ueber die Jodbilann normaler Menschen, Biochem Ztschr 
259 11-18, 1933, Jodstoffwechsel bei Schilddrusenkranhen, Klin Wchnschr 12 
1285-1286, 1933 

44 Curtis, G M , and Phillips, F J The Urinary Excretion of Iodine, J 
Clin Investigation 12 963, 1933 

45 Curtis, G M , and Puppel, I D Increased Urinary Iodine in Hj perthj - 
roidism, Arch Int Med 60 498-508 (Sept) 1937 

46 Perkin, H J , and Lahey, F H Exophthalmic Goiter Relation Betv een 
the Blood Iodine Level and the Duration of Symptoms in Three Hundred and 
Five Cases, Arch Int Med 61 875-879 (June) 1938 

47 Cattell, R B The Pathology of Exophthalmic Goiter* Histologic and 
Chemical Changes Following Administration of Iodine, Boston M & S T 192 
989-996, 1925 
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been given prior to subtotal thyroidectomy The basis of thyrotoxicosis 
in hyperthyroid patients who aie depleted of iodine requires furthei 
elucidation 

The amount of iodine appearing in the urine should be dependent 
on the concentration of diffusible iodine in the blood The inorganic 
iodine of the blood is derived chiefly from iodides, from the intestinal 
tiact and from the end products of the metabolism of organic iodine 
which has been synthesized and secreted by the thyioid gland As early 
as 1900 Gley and Bouicet 5 dialyzed serum and found that most of the 
iodine piesent was nondiffusible Since all the blood iodine was believed 
to be in the plasma or the seium, they concluded that it existed m protein 
combination This was indeed an interesting observation for the time 
Blum and Grutzner 7 administered from 0 5 to 2 Gm of sodium iodide 
to sheep and obsened an increase of the iodine m the acetone extract 
of the blood Veil and Sturm 10 fiactionated the iodine of the blood by 
precipitating the blood proteins with alcohol The fraction insoluble in 
alcohol was called the oigamc blood iodine The results of these 
investigators showed that fiom 60 to 70 per cent of the total iodine 
m the blood of normal persons and of patients with exophthalmic goiter 
was in the oigamc blood iodine fraction The afoiementioned woik 
lent ciedence to the idea of an actual hypei secretion of iodine from the 
thyroid gland in patients with thyi otoxicosis Pmcussen and Roman 48 
employed a method of electiodialjsis to lemove the inorganic constituents 
from the blood Baikam and Leistner 49 separated the iodine fi actions 
in blood by piecipitatmg the inorganic fraction with silver and nitric 
acid They noted that the administration of potassuim iodide did not 
lesult m an increase m the oigamc iodine of the bood. Nuernbergk and 
Widmann 27 stated that the organic iodine in the blood was increased 
particularly in patients with exophthalmic goiter Lunde, Closs and 
Pederson 50 used precipitation with alcohol followed by Soxhlet extrac- 
tion to partition the iodine of the blood They expressed the opinion 
that the nondiffusible iodine secured by then method constituted the 
active principle of the thyroid gland They reported a lelative decrease 
m the organic blood iodine following the oral administration of inorganic 
iodine in patients with hyperthyroidism, this decrease paialleled the 
deciease in the basal metabolic rate Using similai methods of study, 

48 Pmcussen, L , and Roman, W Ueber den Einfluss der Bestrahlung auf 
die Fraktionen des Jods und Broms lm Tierkorper, besonders nach Zufuhr von 
Jodsalzen, Biochem Ztschr 216 336-361, 1929 

49 Barkam, G, and Leistner, W Das Verhalten des Jodes in den Korper- 
saften nach Verfutterung von Jodalkalien und Jodeiweiss, Klin Wchnschr 8 
117-118, 1929 

50 Lunde, G , Closs, K, and Pederson, O C Untersuchungen uber den 
Jodstoffwechsel, Biochem Ztschr 206 261-274, 1929 
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Dodds, Lawson and Robertson 51 weie unable to confirm these observa- 
tions Nitzescu and Binder, 12 emplojmg the fractionation method of 
Lunde and his associates, 50 reported the level of organic iodine in the 
blood to be relatn ely stable, with fluctuations occurring in the inorganic 
fraction From a theoretic standpoint, estimation of the organic iodine 
in the blood should be a closei index of the amount of thyroid secretion 
than assumptions based on analyses of the total blood iodine Such 
determinations should be of value for patients receiving iodine medica- 
tion, piovided that thyroid tissue alone has the capacity to synthesize 
organic iodine compounds One of the present difficulties is lack of 
experimental pi oof that with the methods of fiactionation all the iodine 
products m the so-called oiganic iodine fraction which may be secreted 
by the thyroid gland aie recoveied This has been assumed by many 
investigators In this connection Tievoi low’s 52 studies on the nature 
of iodine in blood are of consideiable intei est It has been our 
experience that methods of blood iodine fiactionation imolvmg pi capita- 
tion with alcohol recover, in the so-called organic blood iodine fi action, 
oiganic compounds of a molecular weight of 7,000 and gieatei 53 Thus 
thyroxine, if piesent in blood, would be teccneied m the inorganic 
fraction In conti ast, when the pi mciple of dialysis for partition of 
blood iodine was used, specific amounts of thyroxine, when added 
duectly to samples of blood, weie mostly withheld in the nondiftusible 
fi actions 34 

An increase in the level of oiganic blood iodine in all patients with 
thyrotoxicosis seems doubtful, 53 although one must recognize that a 
relative increase maj occui when the total blood iodine is still within 
normal limits No explanation can be offeied for patients with clinical 
hyperthyioidism m whose blood no iodine can be demonstrated In 
patients with thyiotoxicosis the aNeiage values foi the organic blood 
iodine may show a relative decrease aftei iodine medication The values 
aie appreciably influenced by the amount and form of iodine 
adnunisteied and the time of anal} sis of blood iodine m relation to the 
pi e\ lous dose of iodine When the natuie of iodine in the blood and 
the influence of iodine medication on the organic iodine components of 
blood ai e more clear a definite understanding \\ ill be attained regarding 
the iodine metabolism in diseases of the th}ioid 

51 Dodds, E C , Lawson, W, and Robertson, J D Variations m the Iodine 
Content of the Blood m Hj pcrth\ roidism and Xontoxic Goiter, Lancet 2 608-611, 
1932 

52 Tre\orro\\ V Studies on the Nature of the Iodine in Blood, J Biol Chem 
127 737-750, 1939 

53 Perkin, H J , and Hurxthal, L M The Fractionation of the Iodine of the 
Blood in Th\roid Disease, J Clin Imestigation 18 733-737, 1939 

54 Perkin, H J Unpublished data 
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Iodine medication in any form results m elevation of the level of 
iodine in the blood 55 Veil and Sturm 10 noted that one and one-half 
hours after the oral administration of a single dose of iodine the 
maximum elevation in blood iodine occurred Elmer 56 estimated the 
blood iodine level at specific intervals after the injection of 1,300 micio- 
grams of iodine in the form of potassium iodide From the results he 
noted a difference in the blood iodine curves which was apparentl} 
related to the degree of thyroid activity as determined clinically A 
greater amount of iodine appeared in the blood of patients with hypo- 
thyroidism than in normal persons This observation was attributed 
to the inability of the thyroid gland to remove the administered iodine 
from the blood On this basis Elmer 56 proposed an iodine toleiance 
test as an aid in the clinical diagnosis of hypothyroidism Perkm, Biown 
and Lang 38 and Perkin, Lahey and Cattell 39 reported a similar iodine 
tolerance test to facilitate m the diagnosis of clinical hyperthyroidism 
The level of iodine m the blood was determined at intervals aftei the 
oral administration of 72 mg of iodine (in the form of compound 
solution of iodine U S P ) We 67 later suggested that in so fai as 
hyperplasia of the thyroid gland is associated with clinical hypei- 
thyroidism this test ought to be of significance More recently Watson 58 
has added corroborative evidence to the aforementioned obseivations 
We have concluded that the iodine tolerance test is of moie scientific 
interest than practical value The blood iodine curves secured from 
patients are often irregular and difficult to mteipiet This may be due 
to factors other than thyroid tissue affecting the blood iodine level during 
iodine medication 59 However, the iodine toleiance test may still be 
used to advantage m isolated cases 

It seems pertinent to mention that certain factors other than the 
thyroid gland may produce alterations in the level of iodine m the 
blood As these factors may play a role m the cause or in the effects 
of thyroid disease, they should be recognized by those intei ested m the 

55 Perkin, H J, and Cattell, R B The Practicability and Significance of 
Blood Iodine Estimations, New York State J Med 36 1033-1035, 1936 

56 Elmer, A W Iodine Tolerance Test for Thyroid Insufficiency, Endo- 
crinology 18 487-496, 1934 

57 Perkin, H J, and Lahey, F H The Iodine Tolerance Test as an Aid 
in the Diagnosis of Clinical Hyperthyroidism, New England J Med 216 501-503, 
1937 

58 Watson, E M An Iodine Tolerance Test for the Investigation of Thyroid 
Function, Endocrinology 20 358-362, 1936, The Relation of the Iodine Tolerance 
to Thyroid Function, ibid 22 528-537, 1938 

59 Perkin, H J , and Brown, B R The Influence of the Thyroid Gland and 
of the Ovary on the Metabolism of Iodine Experimental Study in Dogs, Endo- 
crinology 22 538-542, 1938 



PERKIN-LAHEY— LEVEL OF IODINE IN BLOOD 


803 


biochemistiy of iodine m goitrous conditions Iodine m the diet m 
unsuspected foims (such as in sea food and iodized salt) aflect the blood 
iodine le\el 55 Excessive amounts of calcium in the diet affect the blood 
iodine level in experimental animals 60 and may also exert an influence 
m human beings Iodine medication (administration of compound 
solution of iodine U S P orally, iodides intravenously, iodine piepaia- 
tions cutaneously or roentgen 1 ay dyes orally or mti avenously C1 ) within 
one month pnor to the analysis of blood iodine may result m an abnormal 
value Elevation of blood iodine may be found in patients with diseases 
of the liver and of the biliary passages 02 In leukemia 13 and m the eaily 
stages of aciomegaly 54 there usually occurs an elevation m the level of 
iodine in the blood Most anesthetics 03 and all suigical pi ocedures 35 
result in an immediate mciease in the blood iodine Strenuous exercise 
may increase the blood iodine slightly, 35 while complete rest usually 
causes it to fall As previously noted, variations in the level of iodine 
m the blood may be observed m women during the menstiual c^cle and 
dui mg pregnancy These vanations m the level of blood iodine may 
oi may not extend beyond the normal range for the method used One 
should bear m mind that a value at the upper noimal limit may actual!} 
be an elevation of blood iodine foi the paiticular peison 

Analyses of blood iodine weie made on 1,823 persons In 745 
persons who piesented no clinical evidence of thyiotoxicosis (chart) the 
average (oi mean) level of iodine in the blood was 6 8 nucrograms per 
hundied giams The values foi blood iodine ranged from 2 to 15 
miciogiams pei hundred giams of blood, with 61 peisons (8 2 per cent) 
having a value m excess of the uppei noimal limit by the method (10 
nnciograms per hundied giams) The lesults showed no significant 
■vanations attubutable to age, sex oi season It was found geneially 
that noimal peisons of a -vagotonic type had blood iodine -values within 
the lower noimal lange On the other hand, noimal peisons of a 
s} mpathicotonic type were found usually to have blood iodine -values 
within the uppei normal lange Since the same peison varies in 
tempei ament, the level of iodine m the blood may fluctuate m a sinnlai 
mannei The coil elation, howe\er, could not be considered absolute 

60 Thompson, T Influence of the Intake of Calcium on the Blood Iodine 
Endocrinology 20 809-815, 1936 

61 Perkin and Cattell 55 Elmer 50 Veil and Sturm 10 

62 DeCourcv, J L Iodine Metabolism, Normal and Abnormal Its Relation 
to the Reticulo-Endotheho System, Tr Am A Study Goiter, 1937, pp 133-139 
Perkin and Cattell rG 

63 Anderson, W , and Leitch, I Effect of Anaesthetics on the Blood Iodine, 
Lancet 2 1391-1392 1927 
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The blood iodine values foi 1,078 patients with clinical h)pei- 
thyroidism 04 are also shown The average value for blood iodine was 
15 5 micrograms per hundred giams The mean level was consideiably 
less, 11 micrograms per hundred grams The range was from 2 to 100 
micrograms per hundred grams Appi oximately 34 pei cent of the 
patients had blood iodine values of less than 10 microgiams pei hundred 
grams As previously pointed out, the presence in a specific case of an 
elevated or normal blood iodine value was loughly dependent on the 
duration of the hyperthyi oid syndi ome Although the level of iodine in 



Results of blood iodine analyses in 1,823 persons 


the blood of patients with thyrotoxicosis may be influenced by states 
of excitement oi of lest, the degree of variation was not as gieat as m 
normal persons The ages of the patients undei consideration langed 
from 3 to 80 yeais, with no difference apparent in the effect of hyper- 
thyroidism on the level of iodine in the blood 

In a review of the short history of investigations on the quantitative 
determination of iodine in blood, it is of interest that there has been 
a gradual deciease in the so-called nonnal blood iodine level This 
transition reflects improvements m technical procedures together with a 

64 No case in which iodine medication had been given within three months 
prior to examination was included 
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better undei standing of the souices of enor in the methods for the 
micioestimation of iodine The development has been complemented by 
the availability of lmpioved (lodme-fiee) chemicals Baumann and 
Metzger 65 have pointed out that many of the earlier results of the estima- 
tion of iodine in the blood aie too high The ideas presented suggest 
the difficulty m detei mining the absolute amount of iodine m blood 
However, the fact is not precluded that the results of determinations 
of iodine m the blood of diffeient patients 01 of the same patient at 
different times aie not lelative one to another when estimated by the 
same method and by a worker familiar with the method The lelative 
blood iodine values have added considerably to the piesent conception 
of iodine metabolism m goitious conditions 

65 Baumann, E J , and Metzger, N On the Amount of Iodine m Blood, J 
Biol Chem 121 231-234, 1937 



USE OF ALPHA LOBELINE FOR MEASUREMENT 
OF VELOCITY OF BLOOD FLOW 

KURT BERLINER, MD 

NEW YORK 

Vanous methods for the measuiement of the velocity of blood flow 
aie now commonly employed Most of them are subjective — they 
depend for their results on the cooperation of the patient, therefore, 
they not infrequently yield inaccurate results or fail altogether The 
objective methods hitherto employed either are too complicated for ordi- 
naiy clinical use or aie potentially harmful to the patient Recently 
the Russian authois Teplov and Sor 3 have suggested the use of alpha 
lobeline as an agent for the measuiement of the velocity of blood flow 
To my knowledge, this new, objective method for estimating “circula- 
tion time” has not yet been used m this country I have undertaken, 
therefore, to investigate its merits, and I present the following preliminary 
report 

DESCRIPTION OF TEST 

Techmc — Pnor to the test the patient is kept in a reclining position 
foi about ten minutes No preliminary instructions are given, and 
ail)'’ remarks which might indicate the expected reaction are caiefully 
avoided Five milligrams of alpha lobehne hydrochloride (0 5 cc of the 
1 per cent solution 2 ) is rapidly injected into an antecubital vein Seveial 
seconds later the patient expenences a choking sensation m his throat, 
comparable to that produced by the sudden inhalation of smoke Usually 
this is accompanied by a grimace or a sudden start Immediately theie- 
aftei the patient coughs Hyperpnea may precede or follow the cough 
and may continue for one or two minutes The time interval fiom the 
beginning of the injection to the onset of coughing, measured by a 
stopwatch, repiesents the “cnculation time” for the patient If cough 
fails to appear, the test is repeated with 7 5 mg of alpha lobeline hydro- 
chloride ten to fifteen minutes later 

P? maple of the Test — All methods for determining circulation time 
measure the time between the intiavenous injection of an agent at one 

From the Cardiological Department of Sydenham Hospital 

1 Teplov, I , and Sor, V G Graphic Method for Determining the Velocity 
of Blood Circulation by Means of Lobehne, Teiap ark 13 (no 2) 57-80, 1935 

2 The ampules of alpha lobehne hydrochloride used m this study were supplied 
by the Sandoz Company' 
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point and the peiception of its effect at another point, the point of 
amval In the lobehne test, the latter point is the carotid sinus 2a 
Lobelme has long been known to stimulate the lespiratoiy center 
(Sollmann 3 ) and thus to pioduce hyperpnea and cough Recently, how- 
ever, Heymans, Boukaert and Dautrebande, 4 in experiments on animals, 
found that lobelme does not stimulate the respiratory center directly but 
that it acts on the carotid sinus, from which the respiratory center is 
stimulated by reflex action “Lobeline cnculation time,” theiefore, is 
“arm to carotid circulation tune ” To leach the carotid sinus, the injected 
lobehne travels from the antecubital vein by way of the subclavian 
vein, right side of the heart, lessei cnculation, left side of the heart, 
aorta and carotid aitery 

RESULTS 

Two hundred and eighteen tests weie made on 162 patients In 
151 patients (93 per cent) the cnculation time was successfully deter- 
mined by one or more tests In 11 patients (7 per cent) the test failed 
to give the circulation time Only 5 of these 11 had more than one 
injection , the remaining 6 were not available for repetition of the test 
Had they been available, the percentage of failures would certaml) 
have become less than 7 per cent 

Different amounts of alpha lobelme hydrochloride weie used (table 
1) , 115 patients each received 5 mg In 87 of these (76 per cent) the 
test was successful at the first attempt, in 28 (24 per cent) it failed Of 
these 28 persons, 24 were available for repetition of the test This was 
done, using 7 5 mg of the drug m 11 instances (8 successes, 3 failures) 
and 10 mg in 13 instances (10 successes, 3 failuies) A second group of 
58 patients, including the 11 just mentioned in whom the test with 5 
mg had failed, each received 7 5 mg In 46 patients (79 per cent) 
the test was successful, m 12 (21 per cent) it failed Furthermore, 
16 persons were given a test with 10 mg , after smaller doses had 
failed, and m 10 of the 16 the circulation time was then obtained Only 
11 patients were given 11 to 13 mg aftei smaller doses had failed, and 
in 8 of these the circulation time was at last obtained 

The 162 patients varied in age from 14 to 75 , 82 weie men and 80 
were women Of the 151 patients for whom circulation tune was 
obtained, 33 were free from demonstrable caidiac disease, then circu- 

2a An additional site of attack of alpha lobehne, perhaps in the bronchial wall, 
may exist This possibility is suggested by the fact that very low figures for 
circulation time (five seconds) are occasionally obtained with this test 

3 Sollmann, T A Manual of Pharmacology, ed 4, Philadelphia, W B 
Saunders Company, 1932, p 424 

4 Heymans, C , Boukaert, J J , and Dautrebande, L Sinus carotidiens et 
actions stimulantes respiratones de la nicotine et de la lobehne, Compt rend Soc 
de biol 106*469 1931, 109 56 1932 
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lation time varied from five to twelve and one-half seconds, with an 
average of eight and one-half seconds Seventy patients were suffering 
from various types of heart disease but did not show any signs of 
cardiac failure, their circulation time varied from seven to eighteen 
seconds, with an avei age of ten seconds Lastly, 43 patients were suffer- 
ing from caidiac disease with congestive heart failure, their circulation 
time varied from seven to forty-six seconds, with an average of nineteen 
seconds These results are summarized m table 2 W ith few exceptions, 
the results of the lobeline test corresponded quite well to the clinical 
estimations of the degree oi cardiac failure However, detailed com- 
parisons have been deferred until a time when a larger number of patients 
will have been tested 


Table 1 — Effectiveness of Vanous Doses of Alpha Lobehne 



Amount of Alpha Dobelino Hydrochloride 


5 Mg 

7 5 Mg 

10 Mg 

11 to 13 Mg 

Total number of tests 

115 

68 

16 

11 

Successful tests 

87 (76%) 

46 (79%) 

10 

8 

Failures 

2S (24%) 

12 (21%) 

6 

3 


Table 2 — Relation of Alpha Lobehne Circulation Tune to Cardiac Disease 



Cardiac Disease 

Cardiac Disease 



Without Signs 

With Signs 


No Cardiac 

of Congestive 

of Congestive 


Disease 

Failure 

Failure 

Total number of patients 

Number of patients in whom circulation time 

35 

78 

49 

was obtained 

33 

74 

44 

Average circulation time 

S14 sec 

10 sec 

19 sec 


COMMENT 

Teplov and Soi 1 suggested the use of 0 03 to 0 04 mg of alpha 
lobehne per kilogram of body weight of the patient Their usual dose, 
therefore, was less than 3 mg They made 300 tests on 165 persons and 
produced cough m 60 to 70 per cent I began by using 3 mg doses for 
a series of 37 patients, not included in the present study, and as a result 
I had 15 failures (41 per cent) It soon became apparent that body 
weight was only a minor factor in determining the amount of alpha 
lobehne necessary to produce cough Age, sex and, especially, indi- 
vidual variations in nervous irritability appeared to be much greater 
factors than weight Women leacted more maikedly than men and 
required smaller doses Young persons required smaller amounts than 
old persons Apprehensive persons responded to smaller amounts than 
did quiet, well controlled persons 
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These conclusions fiom my expenences weie supported by an 
analysis of those instances m which the test failed completely If 
weight were the most impoitant factoi, the majonty of these patients 
should have been heavy Instead, of the 9 patients m whom doses of 
10 to 12 mg of alpha lobehne failed to pioduce cough, none were stout, 
the heaviest weighed 158 pounds and the lightest, 138 All 9 were 
men Only 1 of them (his age was 38) was below .40 years of age, 
3 weie above 60 years of age 

Demonstrable impairment of ceiebral function seemed to inhibit 
somewhat the action of alpha lobeline Only 4 patients who were in 
comatose or stuporous states were included m this series All of these 
patients lequired largei doses, 7 5 to 12 mg The results obtained on 
these 4 patients weie, on the aierage, highei than those obtained on 
the remaining patients A separate investigation is under way to deter- 
mine how impairment of ceiebral function by disease oi by drugs affects 
the result of the lobelme test 

Untozvaid Reactions — None of the 218 tests resulted in any mjuiy 
to the patient There were, however, certain unpleasant by-effects 
The majority of the patients meiely complained of a mild choking 
sensation, “as if fumes had gotten into the throat ” Sometimes a patient 
gave a sudden stait seveial seconds aftei the injection, put a hand to 
the throat as if to seek relief from a constriction and then coughed 
moie oi less violently a few seconds later Other patients merely 
swallowed visibly oi grimaced slightly befoie the cough began One 
or two later spoke of having expenenced a strangling sensation In 
seveial instances, especially when 7 5 mg was used without a previous 
test with 5 mg , the patient was considerably f lightened by the sensa- 
tion in the throat On the other hand, many patients experienced no 
choking sensation whatsoever, and m the majority of patients it was 
so slight as not to frighten them A few patients later stated that they 
had felt “light headed” or “faint ” 

The cough produced by alpha lobehne, which followed these various 
subjective sensations and which repiesents tne real end-pomt of the 
test, varied from one dealing of the throat to a lather violent spell of 
coughing lasting two or three minutes In 2 instances, again when 7 5 
mg was injected without trial of a smaller dose first, the patient presented 
the picture of severe bronchospasm These spells distressed and fright- 
ened the patients markedly, but fortunately were of short duration 

5 Stanojevic, L Die Bestimmung der Kreislaufzeit mit Lobelin, Ztschr f 
Kreislaufforsch 30 521, 1938 Evzlina, M M Lobelme in Determination of 
Velocity of Blood Circulation, Vrach delo 20 113, 1938 Trimarchi, E Sul 
metodo della lobelina per la misura della velocita circolatoria, Riforma med 54 
1407, 1938 Arnllaga, F C, and de Soldati, L Determmacion objetiva de la 
velocidad circulatoria por la lobelina, Semana med 1 453, 1939 
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The occasional occurience of such excessive effects of lobeline 
undoubtedly constitutes the chief disadvantage of the method lhey 
seem, however, to be avoidable by proper regulation of the dose Most 
of the unpleasant reactions weie observed at the beginning of this 
work, when I used larger doses I have since learned to vary the dose 
according to the age, sex and individual irritability of the patient While 
5 mg was the amount I injected in the majority of experiments reported 
here, 3 mg seems a saf ei initial dose , it is cei tamly to be recommended 
foi all persons below 25 years of age, especially women, and also for 
all adults over 25 years who appear apprehensive or excitable When- 
ever a patient must be kept at complete rest (as, for example, after 
myocardial infarction), the smaller dose, of 3 mg , is also indicated In 
all such instances, lather than produce an unpleasant reaction I prefer 
to risk initial failure and if necessary to lepeat the test, with a larger 
dose Patients who failed to cough after the first injection never had 
a violent reaction to a second, larger dose The best safeguard against 
such reactions, therefore, is the use of a smaller amount of alpha lobeline 
at the start 

None of the 218 injections had any irritating local effect, venous 
thrombosis, m particular, was never seen after an injection 

Possibility of Eu ot — At first I was tempted to consider as end- 
points sudden movements of the patient’s throat, grimacing and other 
indirect signs of the effect of alpha lobehne which occur earlier than 
cough or which may occur in the absence of cough I soon gave up 
that practice, since it made the end-pomt subject to individual interpre- 
tation A sharp, easily perceptible end-pomt is necessary if circulation 
time is to be measured with any degree of accuracy Cough, oi rather 
the onset of cough, represents such an end-pomt Repetition of the test 
on the same patient proved the reliability of this technic by yielding 
the same result each time Only once did the reliance on cough lead 
to an error The patient coughed accidentally five seconds after the 
beginning of the injection, and a wrong time was obtained 

Another possibility of error may arise from the fact that the figures 
for circulation time will vary in the same patient if the amounts of 
alpha lobehne are varied Largei amounts of the diug usually result 
m slightly lower figures, foi circulation time Eight patients were given 
two successful tests on the same day, one with 5 mg and the second 
with 7 5 mg In 6 of the 8 expenments the second test yielded a 
lower figure for circulation time The differences ranged from one- 
half second to seven seconds Therefore, whenever tests are repeated 
for comparison, it is necessary to use exactly the same dose of lobehne 
each time I found it practical always to record m the chart the 
amount of alpha lobelme used, together with the result of the test, for 
example, “Lobelme circulation time 9 seconds (5 mg used) ” 
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Contraindications — So fai I have found only one definite contra- 
indication to the use of the alpha lobehne test, namely, recent hemoptysis 
On a patient suffering from initial stenosis who piesumably had had 
pulmonary mfaiction, the test was made inadvertently Hemoptysis, 
which had ceased only the day before, promptly staited again Other 
possible contraindications, such as bronchial asthma 01 acute inflam- 
matory conditions of the lung, may be found by futuie observation 
Dyspnea per se, I found, is not a contraindication, some dyspneic 
patients stated that they actually felt bettei shortly after the test 

ADVANTAGES AND DISADVANTAGES 

Advantages and disadvantages of the alpha lobehne test to determine 
circulation tune may be bnefly enumeiated 

Advantages 

1. The method is simple 

2 The result does not depend on the willingness oi ability of the 
patient to coopeiate 

3 The end-point, cough, is shaip and leadily peiceptible 

4 No injurious effect, either local (venous thiombosis) or systemic, 
has been noted 

5 Only a small amount of material, 0 5 cc , is required, the duiation 
of the injection, therefoie, is shoit 

6 Lobehne has no cumulative effect , the test may be repeated after 
fifteen minutes 

Disadvantages 

1 There is a possibility of unpleasant reactions (choking sensation, 
excessive cough, fright) 

2 It is frequently necessaiy to lepeat the test because the initial dose 
has been too small 

3 Complete failure may occur 

4 Results vaiy slightly with the amount of alpha lobehne used 

5 Results possibly may be influenced by processes of ceiebial ongm 
— for example, coma 

CONCLUSIONS 

1 The alpha lobehne test is a practical method foi the measurement 
oi the velocity of blood flow 

2 Age, sex and individual variations m nervous liritability are 
major factors in determining the minimum amount of alpha lobehne 
required to produce cough , body weight is only a minor factoi 



RETICULOENDOTHELIAL CYTOMYCOSIS 
(histoplasmosis of darling) 

ARTHUR A HUMPHREY, MD 

BATTLE CREEK, MICH 

A fatal disease so rare that in the third of a century following the 
original descuption only 4 cases of it were lepoited should merit only 
a passing or academic intei est However, when 5 other cases of the 
disease, which is a definite clinical entity, appear in southern Michigan 
m the couise of a few months a new diagnostic problem is unques- 
tionably thrust on physicians 

Darling, 1 in 1906, was the fiist to note in smeais and sections taken at 
autopsy from the visceia of a Negio who had died at the Ancon Hospital 
m the Canal Zone a peculiar coccus-like organism which packed the 
endothelial cells In the ten months aftei the first case he observed the 
same histologic pictui e in the cases of 2 other residents of Panama 2 Clini- 
cally, the syndrome (splenomegaly, irregular pyrexia and leukopenia) 
lesembled that of kala-azar, and the microscopic appearance was so 
similar to that of kala-azar that, although he found no typical Leishman- 
Donovan bodies, Darling felt that the new organism must be protozoan 
m character , he therefore called it Histoplasma capsulatum 3 and applied 
the name “histoplasmosis” or “reticuloendothelial histoplasmosis” to the 
disease In 1934, however, De Monbreun 4 demonstrated that a fungus 
was the etiologic factor, and, since the old term was misleading, he sug- 
gested the name “cytomycosis” for the disease For the sake of patho- 
logic descuption, although with some sacnfice to brevity, I would letam 
the prefacing “leticuloendothehal,” for the reticuloendothelial system, 
almost alone, is the portion of the body involved 

From the Leila Y Post Montgomery Hospital Laboratory 

1 Darling, ST A Protozoon General Infection Producing Pseudotubercles 
in the Lungs and Focal Necroses in the Liver, Spleen and Lymphnodes, JAMA 
46 1283 (April 28) 1906 

2 Darling, S T Histoplasmosis A Fatal Infectious Disease Resembling 
Kala-Azar Found Among the Natives of Tropical America, Arch Int Med 2 . 
107 (Sept) 1908 

3 Darling, S T The Morphology of the Parasite (Histoplasma Capsulatum) 
and the Lesions of Histoplasmosis, a Fatal Disease of Tropical America, J 
Exper Med 11 SIS, 1909 

4 De Monbreun, W A The Cultivation and Cultural Characteristics of 
Darling’s Histoplasma Capsulatum, Am J Trop Med 14 93 (March) 1934 
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After Dai ling’s reports, no further cases of what was considered a 
raie tropical disease weie noted until 1926, when Watson and Riley 5 
reported the case of a woman who had been a resident of Minnesota 
for over forty years In the same year Phelps and Mallory 6 described 
a case m Honduras, and m 1931 a second case m the United States 
was described 7 In 1934 Dodd and Tompkins 8 9 reported the first case 
m which diagnosis was made during life, on the basis of blood smears 
This was the case of an infant in Tennessee The first cultural studies 
of the organism were made in this case by De Monbreun 4 These 
workers found that it was possible to observe the organisms m blood 
smears prepared with Wright’s stain but that supravital preparations 
stained with neutral red weie much superior 

Recently 5 cases of the disease have been observed in a limited area 
m Michigan Amolsch, 0 in Detroit, has described 1 , 2 have been noted 
m the depaitment of pathology at the University of Michigan 10 (the 
characteristic organisms were seen only m an adrenal and a lymph 
gland, respectively) and I have performed necropsies in 2 cases within 
twenty-five miles of Battle Creek Oddly, the autopsies m these last 
2 cases were performed but forty-eight hours apart 

REPORT OF CASES 

Case 1 (Patient of Dr A B Gwmn, Hastings, Mich ) — S R , a white youth 
aged 17, was admitted to the Pennock Hospital on Aug 23, 1937, because of a 
persistent infection of the upper respiratory tract which m the few days prior to 
entry had developed into pneumonia His condition was not considered serious, and 
he immediately started to improve, but he remained in the hospital because a pro- 
found leukopenia was discovered during the routine laboratory examination 

His health had been excellent prior to the present illness, with the exception of 
a fungous infection m one ear in 1935 He had been born and had lived in northern 
Indiana until he was 1J4 years of age, since that time he had lived in a small city 
in central Michigan There was no history of suspicious medication which might 
have depressed the production of leukocytes 

5 Riley, W , and Watson, C J Histoplasmosis of Darling Report of a 
Case Originating m Minnesota, Am J Trop Med 6 271 (July) 1926 Watson, 
C J , and Riley, W A A Case of Darling’s Histoplasmosis Originating m 
Minnesota, Arch Path 1*662 (April) 1926 

6 Phelps, B M , and Mallory, F B Toxic Cirrhosis and Primary Liver Cell 
Carcinoma Complicated by Histoplasmosis of the Lung, in Fifteenth Annual 
Report of the Medical Department of the United Fruit Company, New York, 
United Fruit Company, 1926, p 115 

7 Crumnne, R M , and Kessel, J F Histoplasmosis (Darling) Without 
Splenomegaly, Am J Trop Med 11 435 (Nov ) 1931 

8 Dodd, K , and Tompkins, EH A Case of Histoplasmosis of Darling in 
an Infant, Am J Trop Med 14 127 (March) 1934 

9 Amolsch, A L , and Wax, J H Histoplasmosis in Infancy, Am J Path 
15 477 (July) 1939 

10 Parsons, R J Personal communication to the author 
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On the day of admission the physical findings, with the exception of those asso- 
ciated with the mild pneumonia, were essentially negative The hemoglobin 
content of the blood was 70 per cent (Sahli) , there were 3,750,000 erythrocytes per 
cubic millimeter of blood and 1,900 leukocytes, of which 31 per cent were poly- 
morphonuclear neutrophils and 69 per cent were lymphocytes Later m the day 
the count was repeated and 1,600 leukocytes were found, with only 25 per cent 
polymorphonuclear cells Urinalysis gave negative results 

Course — Pentnucleotide (30 cc ) was given on the following day, and, although 
the leukocyte count did not increase, the percentage of granulocytes increased to 
30 Over a period of eight days an additional 120 cc of pentnucleotide was given, 
and the white blood cell count rose slowly but steadily to 3,200, with approximately 
40 per cent polymorphonuclear neutrophils on Sept 3, 1937 Treatment was then 
discontinued The patient left the hospital on October 16, apparently in good 
health, the leukocytes numbered 4,500, and although the percentage of poly- 
morphonuclears had previously reached a peak of 65, it was then 40, with 60 per 
cent lymphocytes 

The patient renewed his former life and giaduated from high school in 
June 1938 On Julj r 8 he was readmitted, a number of bullous lesions having appeared 
on his face and body Stomatitis developed, from which Vincent’s organisms were 
recovered These lesions subsided after five days of sulfanilamide therapy A 
blood count was made on July 8 which showed a hemoglobin content of 105 per 
cent, a red cell count of 5,000,000 and 4,000 leukocytes, of which 90 per cent were 
lymphocytes and 10 per cent were polymorphonuclear neutrophils 

Some ulceration of the roof of the mouth still existed when he was examined on 
August 29 by Dr John D Littig, and there were large masses of palpable glands, 
which appeared to be matted together on each side of the neck Some involuted 
erythematous patches were still present on the face, and a small gland was palpable 
in the left axilla The liver and spleen were not palpable The temperature was 103 
F and the pulse rate 105 He had severe anemia, with a hemoglobin content of 40 
per cent (5 6 Gm ) and a red cell count of 1,600,000 His leukocyte count was 
3,150, with a differential count of 54 per cent small lymphocytes, 46 per cent large 
lymphocytes, one megaloblast and many normoblasts The Kahn and heterophile 
tests were negative 

During the next six weeks he was given seven blood transfusions (500 cc each) 
and placed on a high caloric diet, with vitamin C and yellow bone marrow Pent- 
nucleotide was given twice daily until thirty-eight injections had been given About 
October 1 his fever subsided , he was discharged from the hospital and was up and 
about at home On October 5 it was found that his lymphadenopathy had disap- 
peared He complained of dysphagia and hoarseness, had lost 20 pounds (9 Kg ) in 
weight and felt very weak There were no physical findings of note at this time, and 
the liver and spleen were not palpable The hemoglobin content was 64 per cent 
and the red blood cell count 3,400,000 The leukocytes numbered 2,700 , one week 
later they fell to 2,075 with 18 per cent polymorphonuclears, 75 per cent lympho- 
cytes and 7 per cent eosinophils in the differential count The platelets, as m 
previous counts, appeared to be normal On December 5 the leukocyte count reached 
5,800, but the granulocytes varied between 3 and oO per cent and the patient was 
obviously failing 

On Jan 9, 1939 the leukocytes had dropped to 1,500, with only 15 per cent 
polymorphonuclears Roentgen therapy was then given over the long bones for 
three periods, with very obvious clinical improvement , and while the white blood 
cell count remained near 2,000, the percentage of polymorphonuclears increased to 
55 by February 5 The patient was up and about at this time, but the anemia 
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again became marked, and puipura developed On March 8 he was given two 
transfusions in the home On the following morning he experienced a sudden 
loss of vision, lapsed into a coma and died within a few hours A few days 
prior to death it had been believed that the liver was palpable but that the presence 
of what appeared to be ascites pi evented definite assurance 

Neciopsy (March 10, 1939) —The body was emaciated but well developed The 
heart was slightly enlarged and lay free in a sac containing approximately 80 cc 
of clear straw-colored fluid There were some firm white nodules, which measured 
between 3 and 6 mm m diameter, on the anterior surface of the left ventricle 
A similar nodule, 2 mm m diameter, was also present on one of the papillary 
muscles in the interior of the ventricle , this nodule had a faint yellow tint The 
pleural cavities contained small amounts of slightly cloudy fluid The left lung 
was firmly adherent to the parietal pleura The visceral pleurae of both lungs 
were dotted with small white nodules which were slightly raised or appeared as 
flat plaques The surface of the liver showed nodules of the same type, which 
varied from pinhead size to 1 cm in diameter, and a few were scattered through 
the interior of the liver, on cross section they were white and were vaguely 
demarcated The liver was enlarged 50 per cent and was yellowish brown in 
color The spleen weighed approximately 700 Gm , small white plaques and 
nodules were scattered over its surface and on cross section it appeared dark red, 

with occasional small nodules of white on a firm smooth surface There was 

about 400 cc of clear straw-colored fluid in the peritoneal cavity With the 
exception of a few of the small white nodules on the peritoneal surface of 
the pylorus and duodenum, the gastrointestinal tract was essentially normal The 

lymph nodes of the mesentery were enlarged, and a huge mass of lymph nodes, 

matted together, buoyed up the pancreas On cross section, these nodes were 
yellowish and somewhat necrotic in certain areas The adrenals were autolyzed 
The kidneys were enlarged (30 per cent) and pale, and their capsules stripped 
readily 

Microscopic Study — Sections through the pleural nodules and through those 
from the interior of the lung showed masses of endothelial macrophages filled with 
small, coccus-like, dark-staining bodies with white halos or capsules about them 
There were but a few in some cells, and they were densely packed in others In 
some nodules there was marked central fibrosis and in others necrosis, m either 
event the periphery was dotted with intact or degenerating histiocytes filled with 
the organisms In other nodules, where fibrosis was maiked, there was no necrosis 
and few organisms were present There was a marked infiltration of lymphocytes 
and plasma cells in this type of nodule, but in the other types there appeared to 
be no leukocytic leaction oi lesponse 

In the spleen packed histiocytes of the same type were scattered about, some of 
them were free in the sinuses There were extensive areas of necrosis about some 
of the larger vessels, with many organism-packed cells m their outer zones 

Collections of the involved histiocytes were scattered more or less uniformly 
throughout the liver , some areas showed necrosis and a mild fibrosis The hepatic 
cells contained a moderate amount of fat and some brown pigment granules and 
were somewhat distorted Almost all of the Kupffer cells were involved and, 
although in many instances they were quite isolated from the large cell collections, 
were filled with the organisms 

In the cardiac musculature there were several large areas in which there 
were cells packed with organisms, numerous plasma cells and what appeared to 
be immature lymphocytes These areas were often so extensive as to cover a 
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low power field In the renal tubules, with the exception of some granular degen- 
eration, there was little change In about a third of the glomeruli, however, one 
or more cryptococcus-filled histiocytes were observed m the tufts (fig 1) 
Sections through the lymph glands showed marked necrosis, but few organisms 
were present The infiltration of plasma cells and lymphocytes was most pro- 
nounced in these enlarged nodes Sections through the pancreas showed an 
occasional organism-filled cell in the interstitial tissue, and many lymphocytes 
Sections through the intestinal wall showed nothing of note 

Diagnosis — The diagnosis was reticuloendothelial histoplasmosis of Darling 

Case 2 (Patient of Dr D B Morrison, Tekonsha, Mich ) — H S, a white man 
aged 46, was admitted to the Leila Y Post Montgomery Hospital on Feb 7, 1939 
He complained of anorexia and weakness, which had become progressively worse 



Fig 1 — Glomerulus , four organism-filled cells enmeshed in the capillary tuft 
X 300 

since their onset in September 1938 In the previous three months he had lost 
30 pounds (13 5 Kg ) Since the last of December he had had several severe 
chills associated with bouts of fever and profuse sweats Recently he had been 
nauseated and had vomited frequently He had been forced to discontinue his 
farm work, although he experienced no pain and was perfectly comfortable if he 
remained m bed Recently there had also been some postprandial abdominal pain 
The patient had always lived and worked on a farm in Michigan His past 
history was one of long-standing poor health He had suffered from colitis since 
childhood and had had an appendectomy in 1927 In 1919 a dog bite required several 
stitches, and the year following he had had a severe infection in one foot following 
a penetrating wound from a sharp stick His father died from nephritis, the 
remainder of the family history was essentially irrelevant 

Physical examination revealed an emaciated man who weighed 110 pounds 
(49 5 Kg ) and was S feet 6 inches (168 cm ) m height He presented the picture 
of a chronic invalid , the slightest exertion required obvious effort The liver could 
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be palpated and had a smooth border extending slightly below the costal margin 
At this time the spleen appeared to extend almost to the iliac crest, yet a few 
days later it could scarcely be palpated No tenderness was present The blood 
pressure was 120 systolic and 80 diastolic He was deaf in the left ear 

A blood count on January 23 had revealed a hemoglobin content of 78 per cent, 
an erythrocyte count of 4,360,000 and a leukocyte count of 6,200 A differential 
count showed 44 per cent polymorphonuclear neutrophils, 43 per cent lymphocytes, 

7 per cent eosinophils, 3 per cent monocytes and 3 per cent “stab” cells On his 
entry into the hospital the hemoglobin reading (photelometer) was 58 pei cent 
The red cell count was 3,380,000 and the white cell count 6,450, of which 64 per 
cent were polymorphonuclears, 24 per cent lymphocytes, 2 per cent monocytes and 

8 per cent myelocytes Smears showed marked polychromasia and amsocytosis and 
several megaloblasts and normoblasts The Kahn, Widal and undulant fever 
agglutination tests were negative A fractional gastric analysis revealed only a 
small amount of combined acid until after the first hour, when, after histamine, the 
free acid reached 12 degrees Urinalysis gave negative results Roentgen examina- 
tion on February 8 demonstrated a normal stomach and duodenum The hill of the 
lungs were thickened, and there was some mottling m the lower pulmonary fields 
Some enlargement of the liver and spleen was noted 

Course — From Jan 22, 1939, when his case was first recorded, until his death, on 
March 10, 1939, his temperature varied between 102 and 105 F in the afternoons 
and returned to normal in the evening 

During the five day stay in the hospital the temperature “spiked” between 
102 2 and 104 F The night sweats were drenching Splenic puncture was 
attempted but was abandoned in accordance with the patient’s wishes Treatment 
consisted of four blood transfusions and solution of potassium arsemte U S P 
He left the hospital unimproved on February 12 At home he became pro- 
gressively weaker and more irrational, and he died on March 10 

Necropsy (March 11, 1939) — The embalmed body was emaciated When the 
thoracic cavity was opened, a small amount of clear fluid was found in the left 
pleural cavity The right lung was firmly adherent to the chest wall In the apex 
of the left lung there were a number of nodules, gray or white in color and firm 
on cross section, the largest of which measured 8 mm in diametei There was, 
however, one spongy, dark reddish brown nodule, which measured 9 or 10 mm in 
diameter There were some calcified hilar nodules, and the lower lobes of both 
lungs were dark, heavy and noncrepitant On cross section, there were noted an 
increase in fluid and a markedly decreased froth The heart appeared normal 

Examination of the abdomen showed the liver to be normal in color and 
slightly enlarged, it was normal on section The spleen was enormously enlarged 
(600 Gm ) and on cross section was dark red, with a smooth, even surface 

The gastrointestinal tract appeared to be normal, as did the gallbladder, adrenals 
and pancreas The kidneys were normal in size but were bound together at the 
lower poles by a fibrous band 5 mm thick and 2 cm wide The ureters aiose 
from the lower poles of the kidneys and, with the pelves, lay far anterior to their 
usual position The bladder and prostate were normal The testes were small and 
on cross section did not “string ” 

Microscopic Study — Sections through the lner showed collections of histiocytes 
filled with cryptococci , numerous isolated reticuloendothelial cells were also involved 
(fig 2) There was very little necrosis, and the liver cells, except for a small 
amount of fat in certain areas, appeared essentially normal There were a few 
scattered lymphocytes but no polymorphonuclear cells 
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Splenic sections showed areas of ncciosis tinged about by the filled histio- 
cytes There was some fibrosis, and a few plasma cells and lymphocytes were 
present Theie weic some cells of the Steinberg type — small and with three or four 
superimposed nuclei centrally located in a dark cytoplasm There weie a few 
isolated cells filled with the coccus-like oigamsm 



Fig 2 — Sections of livei , histiocytes packed with the oigamsm X 300, X 800 

Sections through the kidney showed some tubular atrophy and an increase in 
connective tissue Theie were some fibious hyalini/ed crescents about the glo- 
meruli, and some of the tufts showed one to a dozen isolated phagocytic cells 
filled with the organisms 
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The glands removed fiom the hilus of the lung showed a typical healed tuber- 
culous process, those from the abdomen, although not enlarged, showed the 
organism-packed histiocytes and the multmucleated cells with a large number of 
plasma cells 

The small white nodules m the lung 1 esembled those found in case 1 , but the 
solitary brown nodule was a cavity filled with a tangle of mycelial strands (fig 3) 
There were no coccoid forms in or about it 

No organisms weie observed in sections of the heait or prostate 

Diagnosis — The diagnosis was reticuloendothelial histoplasmosis of Darling, 
horseshoe kidney, bronchopneumonia, healed pulmonaiy tubeiculosis 

Comment on the Histologic Obseivations — While it may appear from the fore- 
going descriptions that the histologic sections in these cases resemble each other 
closely they actually do not In the first case a more general involvement was 
apparent even in microscopic section, and marked necrosis and fibiosis were 



Fig 3 (case 2) — Mycelial form (?) of fungus in nodule fiom the lung X 300 

present In the second case there was very little necrosis and fibrosis, even in 
the liver, the cells in the involved areas being quite intact although collected in 
large sheets The liver showed marked changes in the first case, while in the 
second it appeared to be essentially normal m many areas except for the filled 
endothelial elements The general impression to be gained from a study of the 
sections was that in case 2 the disease was far less advanced and that only a few 
areas, such as the abdominal nodes, showed changes appi oaching those observed in 
case 1 It is possible that m these areas the disease had been present for a much 
longer period 

The slide showing the mycelial elements was submitted to Dr Morris Moore, 11 
of St Louis, who has made a thorough study of the myocologic aspect of this 
disease Because of the inadequacy of the pieparation, he is hesitant to term 
the growth a mycelial phase of the yeastlike form found in the tissues but he has 
stated that he can see many points in common between the two organisms The 


11 Moore, M Personal communication to the author 
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fact that transition from one form to the other is seen in cultures and animal 
inoculation adds some weight to the possibility, if the transition is considered to 
be the result of a particular environment, at a particular point, which is fai orable to 
change Moore considers the intracellular bodies observed in the 2 cases here 
reported to be similar to the original Histoplasm capsulatum 


ETIOLOGIC CONSIDERATIONS 

The causative organism is unquestionably a fungus The studies of 
De Monbieun 4 have since had the support of other mycologists who 
m 1934 weie somewhat divided as to its exact taxonomic status, although 
the hist impiessions were that it belonged to the genus Endomyces 
In cultures isolated from the spleen and blood in 1 case De Monbreun 
was able to cultivate the yeasthke form m u Inch the organism was 
isolated and to conveit it to the mycelial form at will, and then, by 
animal inoculation, to return it to the yeasthke phase Monkeys inocu- 
lated with the cultuies piesented typical clinical symptoms, and at 
autopsy the pathologic appearance of the lesions was similar 

At one time Cryptococcus farcimmosus, the causative agent of 
epizootic lymphangitis m horses, was suspected of being the guilty 
oigamsm, but further studies absolved it This organism closely 
resembles the so-called Histoplasma capsulatum, but cultural studies 
made differentiation possible, and the clinical symptoms of its piesence 
in man are mild and local Under moderate magnifications the tissue 
sections m cases of cytomycosis aie also distinctly reminiscent of those 
of kala-azar, but there are no blepharoplasts and the distribution in the 
tissue is decidedly different 

Moore 11 has recently found the oigamsms in the prostate in the 
case of a patient from St Louis and has had the opportunity of 
studying some referred cases (including 1 from Iowa City which has 
been leported by Hansmaun and Schenken 12 ) He feels that two 
closely related fungi are responsible for the disease, namely, Histoplasma 
(cryptococcus) capsulatum, as originally described by Darling, and also 
a piriform type These two are quite easily distinguished by their 
clubbed terminations in the mycelial phase but apparently are indis- 
tinguishable m the yeasthke form In my opinion, there is a very slight 
diffeience m the size of the organisms m the 2 cases reported here, 
this, however, can probably be attributed to the valiant mediums in which 
they grew 

In case 2, sections of the small l eddish brown nodule observed near 
the apex m one lung showed a luxuriant growth of a fungus m the 
myceliate state If this mycelial formation is a second phase of the 

12 Hansmann, G H , and Schenken, JR A Unique Infection in Man Caused 
by a New Yeast-Like Organism, a Pathogenic Member of the Genus Sepedomum, 
Am J Path 10 731, 1934 
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fungus piesent m the yeastlike phase in the same peison, it is apparently 
the first time such a phenomenon has been observed The mycelial 
growth bears some resemblance to De Monbreun’s illustrations of his 
various cultures, but it lacks the ascus-lilce bodies he described 

The exact site of entry is uncertain, the skin has been suggested, 
with possible bites 01 infestations by parasites, as the mode of entiy, 
but the poital most commonly accepted appears to be the lungs They 
at least aie the site of the oldest and most dense involvement m many 
cases, and in 1 case the organisms were observed only in the lungs, 
while pulmonaiy foci vere absent in 2 cases, it is possible that in these 
the foci were too minute to be observed In case 2 it is not difficult 
to imagine that the reason the myceliate form developed m one nodule 
m the lung might be that it had been the ongmal focus and was there- 
fore the only one to show this phase 

I think attention can be piofitably drawn to the ear as a possible 
primary focus In 1 of the cases pieviously reported otitis media was 
present during the disease and the organisms were found m the dis- 
charge, 7 in anothei, there was otitis media, 10 and in one of the piesent 
cases (case 1) the patient had been treated for a fungous disease of 
the ear shoitly before the onset of the illness The frequency with 
which various fungous infections invade the auditoiy canal also lends 
some weight to this suggestion 

PATHOLOGIC CHANGES 

Descuptions of the gross and microscopic pathologic changes 
observed in this disease are somewhat discoidant, and one lecalls the 
predicament of the 3 blind men of Hindustan Thus, m 1 case 0 
the lungs alone showed the organism m the endothelial cells, and since 
m this case the patient died from a far advanced visceial malignant 
process, we are foiced to believe that a more general dissemination 
was prevented and that the disease in question was observed m a lather 
early stage, in other cases 13 the engulfed blastospores were found only 
m the adrenal glands Some of the data from the cases reported in the 
literature aie presented in the table 

Grossly, the spleen appears to be almost invariably enlaiged, in 1 
case 7 it weighed but 210 Gm and the authors emphasized that this 
was a variant to the usual pathologic picture (However, I feel that a 
spleen of this size should be considered definitely enlarged ) Of the 
gross pathologic changes, next m frequency of incidence to splenomegaly 
are the small nodules (pinhead to pea size) which are observed m the 
lungs, livei and spleen, m that oidei of frequency In more advanced 

13 Currie, R W , cited by Parsons 10 



Tabulation of Repotted Cases 


o a 

2 2 

0) o 

M'S 


03 

o 

S 

*E 

c- 


iG 

■fj> 

G 

e 

o 

f> 

2 

E ^; 

"W v>> 

G 

n 

o 

4-> 

>1 

CJ 

o 

M 

tn 

bfl 

s 

CO 

'C 


05 s 

2 S 

t-T 

03 tC 

S o 

CJ 

G 

-4-> 

5 M 

O 4-> 

• «3 

*s 

G 

b£ 

a 

03 

w 

CJ 


P 4J 

rr. m 

« c5 

> 

»—* 

a " 

C 03 

r 

CJ 

u 

CJ 

g £; 
S G 

s 

G 

-w 

s 

5 

a 


cs >, 

«w 

O 

» «3 

* CJ 

o £ 

CJ 

r>«t 

G3 

t>» 

*E 

C3 

G O 
O 0 
cj G 

CJ 

+j 

o 

o 

> 

-u 

CJ 

^3 

o 

cz 

n3 


5 o 

§ ® 

G *0 

1 5 

CJ 

2 

o 

a 

e ^ 

CO « 

2 ^ 

•E 

'O 

2 

d 

CJ 

© 

CO 

- t-> 
03 O 
03 rt 
CJ M 

5 a' 


o 

D 

cz 

CJ 

a 


1 s 

5 g 

CJ 

b tc 
OS 

G c 

O E 

O G 

03 

P 

CJ 

*a 

c 

g ’O 

^ i 










o 


© 

© 


g 

in 

CO 

8 

8 

© 


O 

8 10 


0J 

4-» 

^ 4J. 

H 0 

O 3 

5 O 

g O 


G 

O 


f-t 


2 

w 


a 

to 


a. 2 

B S & 


o 

G w 

2 3 
3S 


o 

K? 


^ <U 
V ixO 
TO <5 


u 

O ej 
X2 4-» 
+3 CJ 

G (5 
<! M 


CJ 

'a 

o 

a 


a « 

n> ” 


o 

2 


05 

CO 


o 

g 


o 

£5 


tc 

TO 


tr •« 
f -4 c3 


X 



« t— • 


U3 

G 


^ G 



G 


r2 g 

t>1 

o 

^3 


a g 
ft n 

03 

G 

o 

2 a 

ft B 

CJ 

ta 

t-* 

G 


a X 

CJ 

CJ 

=3 O 

'a 

B 

C-, 

Ph 03 

G 

S C 

H 

«G 


O J 

— 1 G 

-u ,Q O 
g — • Pi 
bo in *_. 
*o 05 o 
K. *M > 

P* o o 


>> ^ 

00 G 

^ 6 - 

O u u ~ 


Sj 

CO 00 


g o 

to M 2 

^o © 

> «*-» - 
£^0.5 


fe 

03 

ft 

lr 

OJ 

© »“} 
5* 

r— CO 


fcfl CO 

cs >1 

CJ O 

> g 
“ &S 

O fO 

o in 


r-» •Cl r-l 




O 2 
a 

x 

o 


tx CJ 
£ tx 
« t- 

h-J.S 


a 

£ 

s-» 

o 


G 

o 

o 

> 

CJ 

CD 

2 

© 

CD 

G 

© 

in 

r-i 

G 

a 

cc 

CJ 

C3 

G 

G 

G 

O 

>1 
c r 

G 

O 

2 

a - 
JS’ o 

G W 

2 

e* 

G 

*« 

>i 

03 

G 

O 


t-» 

CJ 

ft G 

ft 

t-4 

CJ 


o o 
£ *« « 
a a S= 

M *J C3 

G 


s 


O 

2 


8 


Ih 

P>» 


*« 

£ 


o 

6 

CJ 


£ 


o 

£ 


'U 

c 


o 

g 

© 


03 


03 


CJ 

03 

© -*-* 
C3 CO 
C « 

S s 

2 I 

03 P-. 

G O 
~ C 

tc 03 

§ 5 

o £ 


G . 

CJ CQ 
P £ 

2 © 

s S 

o 
p 


CO 


to tX 


O 

P> 


g 


. m 


o 

8 


2 
CD 

03 ° 

S ^ 

G >> cj 


s 

o 

8 


g 

« 

a 

*3 

ft 


o 

g 

Ci 


CJ 

a 

CJ 

G 

CJ 

G 

u 

>> 


G 

03 

G 

g E 

CJ 

G 

et 

G 

o 

O 

O 

in 

/ s 

a 

f-t 

o 

£ ° 

cr 

G 

a 

rt 

CS] 

N 

CSI 

r— ( 

03 

Z 3 

G **-i 

03 

bfl 

ta 


2 

G 

G 

o 

G 

G 

« 

a 

rt 

P 

G 

o 

G 

P 

2 

o 

O 

«w 

CJ 

G 

CJ 

P 

c 

G 

'O 

C 

o 

W 

£ 2 
§ ° 

- ■§ 

CJ 

C 

c 

15 

Ja 

CJ 

2 

G 

rS 

G 

CJ 


a § a s 


to 

a 

X< to 

o s 


tu 

a 


W 

•O 

G 


G 

o 


% M 
a 


'O 

P 


8 


G 

C 

G 

03 

G 

cj <o 
a <m 

Ss 


° ° w 

a s ph g a 

© 00 


a 

3 

G 

£ 

o 

ft 


G 

E 

2 _ 

5 « 

6 S 


GJ 

O 

Q 


o 

2 


G 

§ CO 

G c2 

k— ( Cj 


cj 

G 

G 

g a 

3 oo 


912 


HUMPHREY— RETICULOENDOTHELIAL CYT0MYC0S1S 913 


stages of the disease, however, the nodules are widely disseminated and 
appear in the intestine, on the peritoneal and pleural surfaces and even 
m the heart, as in 1 of my cases They may be uniform or may 
vary m size, they may be white or pearly gray, and on cross section 
they may appear semmecrotic, firm or hyalinized It is probable that 
these nodules exist m every tissue of the body m far advanced stages, 
and not, as once stated, only in the viscera rich m free histiocytes and 
reticuloendothelial elements Most of these nodules appear hyalinized 
on section and undoubtedly represent a late phase of the histiocytic 
aggregations Intestinal ulceration, sometimes resembling the amebic 
type, has occurred m several cases An almost constant gross finding 
is peribronchial and abdominal perivertebral lymphadenopathy , many 
of the affected glands attain the size of hens’ eggs and appear necrotic on 
cross section In several cases the nodes about the jejunum and 
pancreas formed huge masses, which m 1 instance were palpable through 
the abdominal wall 

In the first case leported m this paper I felt that at autopsy I was 
dealing with a generalized sarcomatosis, and I marveled at the duration 
of life in the face of such a widespread involvement In the second 
case the gross pathologic changes were disappointing, as actually the 
only thing of note was the large spleen and a few small hyaline plaques 
on the apical pleuia of one lung, associated with adhesions of the type 
commonly observed m this area and with the calcified hilar nodes of 
healed tuberculosis on the same side 

It is apparent that the gioss pathologic changes vary only as the 
duration or degree of dissemination of the disease may dictate and, as 
the microscopic study will demonstrate, probably have nothing to do 
with the resistance of the patient or with similar factors In many 
respects the picture resembles the differences observed in the gross 
findings in patients with a malignant growth, thus, there may be a 
general miliary carcinomatosis, or, by contrast, only a few nodules m 
one or two organs 

Microscopically, the parasites occur m various phagocytic cells, such 
as the endothelial wandering cells of the tissues and the large mononu- 
clear cells of the blood and marrow, as well as m the fixed reticulo- 
endothelial cells of the liver and spleen (for example, the Kupffer cells 
of the liver) All obseiveis appear to agree that the location of these 
yeasthke organisms is limited to the reticuloendothelial system and other 
phagocytic cells 14 and that no other tissue is involved nor are adjacent 
cells damaged by any toxin from the organisms 

The yeasthke form measures 3 to 5 microns 4 m diameter and con- 
sists of an oval or round dark-staining body surrounded by a clear, 

14 Watson, C J The Pathology of Histoplasmosis (Darling) with Special 
Reference to the Origin of the Phagocytes, Folia haemat 37 70 (Oct ) 1928 
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halo-like capsule While other stains have been recommended, the 
organism can m most instances be observed and recognized with some 
degree of certainty with the high, dry objective of the microscope m 
sections stained with hematoxylin and eosin The bodies pack the 
phagocytic cells in numbeis fiom 1 to 50, they show some variation 
m staining characteristics, due, no doubt, to degenei ative changes 

There appear to be three lather well defined types or stages of 
lesions First, there are areas in which isolated phagocytic cells are 
filled with parasites, or in which collections of these cells form small 
masses oi sheets, such as are observed frequently m the liver Such 
isolated cells weie piesent in the glomerular tuft of the kidney m the 
cases reported here Neithei m the glomeiulus noi in the hvei does 
there appear to be a vestige of leukocj'tic leaction about these cells, 
and m most instances the untouched cells of the infested organ are 
unchanged This is doubtless the eaihest phase of the invasion m a 
particular area The blood stieam has earned one laden histiocyte to 
lodge in that site, and in a fruitless endeavoi to share the burden, 
other uninvolved phagocytic cells have collected at this point These 
in turn become involved by dnect extension, and thus a laige sheet of 
these cells develop This is the probable explanation of the masses 
in the cardiac muscle, which are somewhat difficult to understand on 
any other basis 

The second phase results in a somewhat different type of lesion 
The long-continued and progressive obstruction of the vessel conveying 
the original involved phagocyte to the area finally results m neciosis, 
this change is most marked in the center of the mass, and the phago- 
cytes which have wandeied penpheially in the suriounding tissue foim 
a moie or less intact ring about the caseatmg center In the sections 
of liver it is interesting to note the regular distribution of these areas 
In this phase the continued ischemia appears to affect some parenchymal 
cells, thus, in the liver the hepatic cells undergo changes and often 
show areas of fatty degeneration about the histiocytic mass 

The third phase is the end result of necrosis Fibrous tissue and 
hyaline masses replace the lesion, and scaicely any laden phagocytes 
remain, the parasites which remain stain hypochromatically and piobably 
are degenerating A few plasma cells and lymphocytes are scatteied 
about, and mitotic figures are often observed In several instances 
multmucleated cells, which often resembled Reed, or Sternberg, cells, 
were observed, and even giant cells In the sections studied by me the 
cytoplasm of these cells was rather light, and the thiee or four nuclei 
were partially superimposed and semivascular 

Obviously, these parasite-laden cells can migiate to any part of the 
body, and their absence m sections from certain organs must indicate 
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merely either failure due to random sampling or an early stage of the 
disease It is also easily seen that the processes of early isolated histio- 
cytosis, of caseation and of fibrosis or hyalimzation can exit contem- 
poraneously m the same patient, although one of the thiee phases may 
dominate the picture 

In certain aieas fibrosis and hyalimzation may leach such piopor- 
tions that no organisms can be observed The question is thus laised 
as to whether a complete cuie might not be accomplished in the eaily 
stages of the disease 

SYMPTOMATOLOGY 

The disease is apparently relentlessly piogiessive dui mg its couise, 
which may occupy only a few months 01 weeks, as in the cases of the 
2 infants cited m the table, or eight years, as m anothei instance , 5 
there may be long i emissions, oi the disease may entei the acute phase 
and terminate lapidly 

Fever (temperature 100 to 105 F ) was the most constant clinical 
finding, although m three of the reported cases the temperature returned 
to normal for extended periods The fever was accompanied by pio- 
nounced loss m weight and extieme weakness 

Gastrointestinal upsets, such as diauhea, nausea and vomiting, 
occurred in half of the cases, the dianhea was often extremely severe 
It is interesting that there was usually no definite pam 

Despite the pulmonary involvement the only related symptom was 
cough, present in 3 cases Epistaxis occurred but once, and theie was 
no hemoptysis Death occuned usually as the obvious result of increas- 
ing inanition, although in 2 cases the finale was extremely rapid 

The spleen was palpable at some time during the couise of the 
disease in most of the cases, occasionally enlargement' of the hvei was 
also noted If one disregards the ommpiesent emaciation, the only 
other significant physical finding encounteied was a cervical oi abdominal 
lymphadenopathy, and this m but a few cases In 2 instances large 
nodes were palpable through the upper portion of the abdominal wall 
Laboratory findings were only rarely pathognomonic In 1 instance 
the organism was noted in the blood smeais and cultures, m another, 
the spleen was removed and the diagnosis was made fiom the sections 
of this organ It is quite obvious, however, that m ’many instances 
splenic puncture would have been a valuable diagnostic proceduie 
Hyperbilirubinemia occurred m 2 cases and albuminuria m 3 otheis 
In the 7 cases m which the led cell counts weie recoided a profound 
anemia of the aplastic type, piobably a lesult of displacement of marrow, 
was noted The number of erythrocytes varied from 3,800,000 to 
1,700,000, with an average of 2,600,000, the hemoglobin content w-as 
fiom 35 to 85 per cent Of 8 cases the white count Avas low 7 at some 
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time dunng the disease m 5 (below 1,500 in 2), .slightly elevated in 1 
(11,640) and nonnal m 2 The differential counts showed normoblasts 
or megaloblasts in 4 cases , in some of these the anemia was not marked, 
and one is led to believe that it might be due to an irritative lesion 
of the marrow 

The ratio of lymphocytes to polymorphonucleai leukocytes varied 
during the course of the disease in certain cases and also among the 
various cases Thus, in 1 case m which theie was marked leukopenia 
the ratio was essentially normal, while m another a constantly recurring 
agranulocytosis appeared It is apparent that the chaiacter of the blood 
count depends on the degiee of involvement of the hemopoietic tissue 
by the organism 

DIAGNOSIS 

The diagnosis can be made definite only by the detection of the 
fungus m the phagocytic cells of the blood, in smears fi om sternal or 
splenic punctuies or m sections of tissue lemoved at splenectomy It 
should be considered in cases m which theie are continued fever, spleno- 
megaly and leukopenia 

A seveie anemia often occuis in the later stages, it may be hyper- 
chiomic and the presence of erythroblastic forms may be noted 

Leukopenic diseases, such as malaria, typhoid, kala-azar, malignant 
piocesses involving hemopoietic centeis and ceitam phases of infectious 
mononucleosis and undulant fevei, must be luled out m the differential 
diagnosis 

PROGNOSIS, COURSE AND TREATMENT 

The couise, as has been stated, may be acute, terminating in a 
few weeks, oi the process may extend, with megulai exacei bations or 
m a chiomc form, over a penod of years The geneial impression is 
that the disease is invariably fatal, although m some of the recent 
cases it appeals to be concomitant with some entirely unrelated disease 
which is the duect cause of death It seems probable that m certain 
instances the lesions may remain m an arrested state for some time 
or, possibly, may undergo fibrosis, with a peimanent cure as a result 

Treatment has been of no avail Iodides, ionized metals, roentgen 
radiation, bone marrow, pentnucleotide and repeated transfusions have 
been only of transient value Thei e is no record of the use of sulfanil- 
amide or its vanants 

COMMENT 

Two cases have been piesented in which theie weie, foitunately, a 
detailed clinical histoiy and a leasonably good follow-up and necropsy 
The oiganisms were not cultuied, howevei, noi were they observed 
during life Luckily, in the 2 cases the disease was disseminated in two 
distinct phases, so that insight into the pathologic processes attendant 
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on its course was afforded I have been able to establish a few facts 
relative to the pathology and diagnosis of reticuloendothelial cytomycosis 
by coi relating the 7 previously reported cases with the present 2 and 
with 1 unpublished one 9 Prior to this time, the paucity and incom- 
pleteness of the matenal have prevented any but a very dubious clinical 
and pathologic concept It is hoped that to the list of disorders char- 
actenzed by pyiexia, splenomegaly and leukopenia another will now 
be added 

Six othei cases have been noted within the last few months m the 
Mississippi River basm, m addition to the 3 recent ones mentioned, 
but to my knowledge these have not as yet been reported 15 The fact 
that 9 have occuired m the space of a yeai when only 7 had been 
catalogued in the preceding twenty-four years is both interesting and 
alaimmg While the yeastlike form of the organism is not prominent 
m sections of tissue, neither is it so retiring as not to excite comment, 

1 can scarcely believe that the present increase m the number of cases 
is due to impioved diagnostic acumen alone I do understand that m 

2 cases the organisms were not noticed oi identified for many months 
after the sections had been examined , but m the illustrations of the 
various cases and m my sections they aie definite and cleancut oddities 

At first the disease was believed to be tropical, but although Muller 
a few years ago lepoited 1 case m Java, 10 all of the lecent leports 
have come from the cential portion of Noith America It is quite 
probable that m tiopical regions the disease may be submerged by the 
similar syndiomes of kala-azai and malaiia so common m those legions, 
but some reason must exist for the lathei abrupt appearance of the 
disease m the Mississippi Rivei basm One leason that suggests itself 
is the increased facility with which men now move from one climatic 
zone to another, thus the fungus or some paiasite conveying it, m either 
the yeastlike or the mycelial foim, may be carried for gieat distances 
by plane or automobile before the oiganism or earner succumbs to the 
new environment 

Several articles on the experimental pioduction of this infection in 
animals have appeared in the Italian literature , recently Redaelli 17 has 
studied the rate of disappearance of congo red m the circulation in 
the disease He describes a relationship between . the concentration 

15 De Monbreun, W A The Dog as a Natural Host for Histoplasma Cap- 
sulatum, Am J Trop Med 19 565 (Nov ) 1939 

16 Muller, H Histoplasmosis in East Java, Geneesk tijdschr v Nederl - 
Indie 72 889, 1931 

17 Redaelli, P Osservaziom e consideraziom su alcum aspetti anatomici e 
funzionale del sistema reticolo-istiocitario nella malattia sperimentale da histo- 
plasma capsulatum Darling, Riv di pat sper 16 1 (Jan -Feb ) 1938 
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of dye and the efficacy of the involved 01 hypei ti ophied leticuloendo- 
thelial system which may in the futuie be applied to the study of the 
disease in man 

SUMMARY 

Two cases of histoplasmosis of Dai ling aie piesented, the moie 
apt name of reticuloendothelial cjtomycosis is suggested, in accoi dance 
with the woik of De Monbieun Sufficient cases have now been 
collected to justify an effoit to cou elate the vaned clinical and patho- 
logic findings in a definite concept which will facilitate clinical diagnosis 
A clinical entity which pnoi to a yeai ago vas consideied a gieat 
rarity may become a common and senous pioblem and should be sus- 
pected m all cases demolish ating the not uncommon syndiome of 
pyrexia, splenomegaly and leukopenia 

It is suggested that inci eased facilities foi tianspoitation may be 
the cause of the lecent mciease m the numbei of cases 

Dr John D Littig, of Kalamazoo, Mich , and Miss Lorena Hilbert, of the 
Pennoclc Hospital Laboratory, Hastings, Mich , placed excellent records at my 
disposal 
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This communication is a repoit of 99 cases of what we have called 
acute miliary infarction of the myocardium, the lesion was usually 
associated with the clinical syndrome of sudden left ventriculai failure 
The material reviewed consisted of 2,857 consecutive cases in which 
autopsies were performed at City Hospital dui mg the twelve year 
period between 1927 and 1938, inclusive These cases were fiist 
separated into two groups on the basis of the piesence or absence, 
macioscopically, of moderate or marked scleiosis of the laiger coronary 


Table 1 — Classification of 2,857 Cases m Which Autopsy Was Pei formed 




Number in Which 

Number in Which 



Acute Miliary 

Acute Coronary 


Total 

Infarctions 

Thrombosis 

Group 

Number 

Were Present 

Was Present 

1 Cases in winch coronary artcnosclero 




sis was present 

9S3 



(a.) Cardiac 

330 

51 

42* 

(b) Noncardiac 

647 

15 

10* 

2 Cases in which coronary artenosclero- 




sis was not present 

1,874 

9 

0 


* Of the 52 hearts with acute coronary thrombosis, 24 were studied histologically all 
these showed acute miliary infarctions 


arteries The group m which coionary sclerosis was present was sub- 
divided into ( a ) those m which the pnmai y clinical feature was cardiac 
dysfunction (caidiac-scleiotic gioup) and (&) those m which the pre- 
senting clinical syndrome was noncaidiac ( noncar diac-sclerotic group) 
Cases m which acute coronary thrombosis occuned were also grouped 
separately The classification is summarized m table 1 

The most piomment characteristics of the acute miliaiy infarction 
weie sharp definition, the tendency to concentrate on the left side of the 
heait and the predilection for the deep layers of the myocardium As 
to size, the involved area about filled a low power field of the micio- 
scope, the shape of it was somewhat 11 tegular (fig 1) At all stages 
the lesion was sui rounded by well pieseived myocaidium All phases of 

From the Pathological Laboratory, City Hospital, Welfare Island, Department 
of Hospitals 
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neciosis of the muscle could be seen in various foci In the early phase 
the fibeis became gianulai The granular appearance rapidly gave 
place to amorphous masses of cytoplasm As the amorphous masses 
disappeared, the lipochrome became more prominent Then the nuclei 
and the cytoplasm completely disappeaied, leaving only the preexisting 
leticulum and traces of lipochrome (fig 2) The invading cells were 



Fig 1 — The lesion in the acute phase, showing the somewhat irregular shape, 
the sharp borders and the acute degeneration of the cytoplasm (low power) 


laigely monocytes, which made then appearance when the cytoplasm, 
although disintegiatmg, was still fairly abundant (fig 3) Polymorpho- 
nuclear cells and, more infiequently, some lymphocytes were occasionally 
found, but they did not constitute a prominent feature As the cyto- 
plasm was lost, and only the reticulum remained, the invading cells also 
were affected and likewise disappeared (fig 4) Fatty degeneration of 
the fibers in the lesion was conspicuous by its absence Occasionally 



LIS A-McPEAK— MILIARY INFARCTION OF HEART 


921 


a few fibers of the adjacent myocaidium weie affected, but in only 2 
instances, both in the cardiac-sclerotic gioup, was there a generalized 
fatty myocardial change In both of these cases syphilis v as a com- 
plication This myocaidial lesion has been descubed pieviousl) in a 
case reported by Roesler and Soloff 1 



Fig 2 — The fully developed lesion, showing only the remains of reticulum 
This view also shows the location in the deep myocardium and the narrow 
pieserved muscle beneath the endocardium (low power) 


The myocaidial blanches of the coionaiy aitenes weie, as a whole, 
fairly normal In the laiger branches, however, sclerotic changes were 
not uncommon Less frequent was medial hypei trophy, usually focal 
in distnbution and never generalized In 17 cases the small muscular 

1 Roesler, H , and Soloff, L A Report of a Case of Left Ventricular 
Failure with Unusual Anatomical Changes m the Myocardium, Ann Int Med 
9 477, 1935 
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blanches showed acute thiombi 01 emboli (figs 5 and 6) , 8 of these 
cases weie in the caidiac-scleiotic gioup (ml the source was bacterial) , 
2 were m the noncaidiac scleiotic group, 4 were in the group m which 
acute coronary thiombosis was noted, and 3 were in the nonsclerotic 
group (in 1 the souice was a pnmaiy bronchogenic caicmoma) These 
thrombi weie present only in the walls affected by the miliary infarctions 



Fig 3 — High powei magnification of the section shown in figure 1 Note 
the swollen nuclei of the muscle and the remains of cytoplasm, lipochromc and 
reticulum 


Grossly, the chief chaiacteristics of the hearts in which the lesions 
were found were soft consistency, pale color and mottled appearance 
of the myocardium On transection of the ventricular walls, the pale 
brown myocardium had a speckled or mottled appearance from the 
piesence of minute foci or stieaks, light yellow, fawn colored, gray or 
gray-yellow In some hearts the lesions were laiger, about the size of a 
nickel or a quarter, and had all the features of massive cardiac infarction 
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It was of mteiest to note the incidence of these laigei lesions m the 
vanous gioups Of the 51 cases in the cardiac-scleiotic gioup, 7 
showed the coaise acute infarctions A fan ly laige lesion was found 
in 1 of the 15 cases m the noncaidiac-scleiotic gioup, and among the 9 
cases m the nonscleiotic group theie weie 2 in which macroscopic 
lesions were noted, one lesion comparatively small and the othei massive 



Fig 4 — High power magnification of the area shown m figure 2 Note the 
remains of the reticulum Theie aie still a few remnants of cytoplasm 


Thoiough histologic examinations were earned out on the 24 hearts 
with lecent coionaiy occlusion Massive recent infarction was absent 
m 5 Giossly, the myocardium m these heaits showed the chaiactens- 
tics descnbed pieviousl) (soft consistency, pale color and mottling), 
and nucioscopically there weie extensive miliaiy infarcts In the 
remaining 19 hearts, the myocardium be\ond the area of massive 
infarction had similar gioss and microscopic features 
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Hypertrophy of the heart was fiequent (table 2) As can be seen in 
this table, the weight of the heait m almost 75 pei cent of the cases 
m the cardiac-sclerotic group was 600 Gm or moie, and in only 1 
case was the heart not hyperti ophied In most of these cases the cardiac 
abnormality nas associated with hypei tension, the systolic blood pres- 



Table 2 — Weights of Heaits m Vanous Gioups 


Hearts with Given Weight, Gm 
* 



( 

299 and 






S00 or 

Group 

Under 

300 399 

400-499 

500 599 

600 699 

700 799 

More 

Cardiac-sclerotic 

0 

1 

6 

6 

21 

11 

6 

Noncardiac sclerotic* 

0 

3 

3 

3 

2 

0 

0 

Acute coronary thrombosis! 

0 

9 

10 

13 

6 

9 

2 

Nonsclerotict 

4 

0 

0 

0 

1 

3 

0 


* No weight was recorded m 4 cases, m 1 case the heart was noted as enlarged 

+ No weight was recorded m 3 cases, all the hearts were enlarged l was verj large 

t No weight was recorded in 1 case, the heart was noted as small 
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sure vaijing fiom 155 to over 200 mm of meicui)' Vascular changes 
of the type associated with essential hypei tension veie found m the 
kidneys in all but 5 instances In the case m which the heart was 
small, the kidneys and the blood piessure weie noimal In 1 case the 
enlaiged heait was due to syphilitic aoitic valvulitis with mcompetency 
In 3 cases theie was no evident explanation for the hypertiophy In 



Fig 6 — Acute thrombosis in some of the hyperplastic small -vessels The 
view also shows one small vessel free from thrombus 


the noncaidiac-scleiotic gioup increase m the weight of the heart 
tended to be less marked, when noted, it was usually associated with 
essential hypei tension, as in the othei gioup In the gioup of cases of 
acute coionary thrombosis the gieatest extremes in weight were noted, 
but in general the hypertrophy was of the same hypei tensive character 
The nonscleiotic group was more heterogeneous Half the hearts were 
small, half were \eiy large The basis of the hypertrophy was essential 
hypertension m 2 cases (complicated in 1 by chronic active rheumatic 
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valvulitis), syphilitic valvulitis with incompetence in 1 case, and 
stenosis of the aortic and nntial valves fiom healed lheumatic heart 
disease m 1 case 

The distribution by lace conformed to the generally accepted views 
of the incidence of coronaiy disease In the cardiac-sclerotic group 
there were 39 white persons and 11 colored, in the noncardiac-sclerotic 
group 14 white persons and 1 coloied, in the group with acute coronary 
thrombosis 43 white peisons and 8 colored, and in the nonsclerotic gioup 
7 white persons and 2 coloied There was 1 male Japanese in the 
first group, and thei e was 1 male Amerind m the third The proportion 
of white to colored patients with acute coionary thiombosis was some- 
what higher than that usually recorded, 5 4 1, in the caidiac-scleiotic 
group the proportion was 3 5 1 In the noncai diac-sclerotic group only 
1 of the 15 patients was coloied 

The distribution by sex also confoimed to the usual views Of the 
white persons in the cai diac-sclerotic group 28 were men and 11 were 
women, of the colored persons, 7 were men and 4 women In the gioup 
with acute coronary thrombosis, of the white patients, 33 were men and 
10 were women, of the coloied patients, 7 weie men and 1 was a 
woman In the noncai diac-sclerotic group were 8 white men and 6 
white women, the single colored patient was a Negress In the non- 
sclerotic group the white women outnumbered the men 4 3, the 2 
colored patients weie a 10 yeai old gill and a man 

In most cases the patients were in the latei penods of life, fiom the 
fouith decade on The youngest patient, a child of 10 in the non- 
sclerotic group, and the oldest, a man of 75 with acute coionary throm- 
bosis, were both Negioes Ceitam lelationships between age, lace and 
sex were noted Among the patients in the scleiotic-caidiac gioup, the 
youngest white man was 41 , the youngest white woman was a decade 
older, 50 The oldest white man and the oldest woman weie in the 
same decade of life, the eighth Among the colored patients m this 
gioup the youngest man was 38 and the youngest woman, 39, both 
were thus younger than the }-oungest white patients The ages of the 
oldest man and the oldest woman were about the same foi the colored as 
for the white patients, 79 and 68 The findings were similar m the group 
with acute coronary thiombosis Among the white patients, the youngest 
man was 43, the youngest woman, 55, the oldest man and the oldest 
woman were 92 and 80, respectively, a decade oi two older than the 
oldest of the first gioup Similar extremes of age (52 and 95) were 
found among the colored men There was only 1 Negro woman, 53 
Among the white patients m the noncardiac-sclerotic gioup there was a 
reversal of the youngest ages for men and for women The youngest 
woman was 40 and the youngest man, 54 The oldest man and the 
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oldest woman weie both 75 The significance of the reveisal of the 
lower limit of age m reference to sex m this gi oup is doubtful A much 
larger series might show the usual finding — the women a decade older 
than the men The only colored patient in the group was a Negiess of 
42 The patients in the nonsclerotic group, with the exception of the 
child mentioned before, were all m the sixth and seventh decades 

The clinical syndiome piesented during the terminal phase in the 
gieat majority of the cases of all the groups was that of sudden left 
ventricular failuie The charactenstic symptoms, either singly or in 
vanous combinations, were sudden extreme dyspnea, pi of use perspira- 
tion, extieme weakness, marked tachycardia, a pulse of poor quality 
and apprehension Cyanosis was common, sometimes it was extieme, 
and occasionally it was absent it was of intei est to note that when 
cyanosis was absent and death was not delayed moie than a few houis 
the acute miliary lesions were strictly limited to the left side of the heai t 
Anginal pam was lately piesent during the final attack 

Death was seldom delayed for more than four days Usually it 
occuired within twenty-four oi foity-eight houis of the caidiac col- 
lapse Sudden death was common Among patients in the caidiac- 
scleiotic gioup it occuned 11 times, among those in the noncardiac- 
scleiotic group, 4 times, among those with acute coionary thiombosis, 
15 times, among those in the nonscleiotic group, 3 times In the last 
group the hearts of 2 patients weie gieatly hypertiophied Although 
anginal attacks had occuned previous to death m veiy many of the 
cases, sudden death occuired m 5 patients m the cai diac-sclerotic gioup 
and in 1 patient m the group with acute coionaiy thiombosis who had 
no attack of angina and in whom caidiac failure had been of a con- 
gestive natuie Foui patients of the noncai diac-sclei otic gioup and 3 
m the gioup with acute thiombosis had no history of pievious caidiac 
disability 

From the histories, the attacks of caidiac dysfunction that occuned 
pnoi to death were usually of the type lecogmzed as charactenstic of 
coronary scleiosis Anginal pam or its equivalent had been expenenced 
foi varying lengths of time previous to the final episode In the cardiac- 
scleiotic gioup such pam occuned m 36 of 49 cases, m the gioup in 
which acute coronary thrombosis was present, in 27 of 42, m the non- 
sclerotic gioup, m 3 of 8 It occuned m only 1 case m the noncai diac- 
scleiotic gioup, m this instance a single attack of pam was expenenced 
foui months pnoi to death In the 3 cases m the nonsclerotic group 
the heart was hypeitiophied In the lemauung cases the data were 
insufficient to establish the pievious histoi), usuall) because the 
patient's statements were unreliable oi because death occuired soon 
aftei admission to the hospital 
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Although it is not of pnmaiy intei est in this papei, it seems worth 
noting that many heaits showed evidence of good healing in lesions 
that seemingly weie of the character of miliary infarctions These 
healing lesions may possibly explain the previous acute episodes from 
which the patients had recovered 

Of the possible etiologic factois, theie is, fust, aitenosclerosis of the 
coronary artenes Throughout the entne series of cases there was no 
uniformity m the condition of the superficial coronary artenes In the 
nonsclerotic gioup, they were noimal Marked degiees of scleiosis were 
present m about half of the cases (9) in the noncardiac-sclerotic group, 
in about two thuds of the cases (35) in the caidiac-sclerotic group and 
m almost all of the cases (50) in the group in which acute throm- 
bosis was noted Except for the last group, m which the lumens of 
the coronary aitenes tended to be narrowed, it was noted that with 
maiked changes of the coronary walls, the lumens were as fre- 
quently wide as nai row 7 Old tlnomboses were noted with a fiequency 
about parallel to the degiee of arteriosclerosis in 2 cases m the non- 
cardiac gioup, m 9 in the cardiac-sclerotic group and m 14 in the group 
oi cases in which recent thrombosis was piesent The wude variation, 
then, of the condition of the coronary artenes militates against aiterio- 
sclerosis being in itself the precipitating factor in acute miliary 
infarctions 

Sjphilis of the aorta was found 14 times m the entire series A 
history of syphilis was given in 1 case, but its presence could not be 
demonstiated at autopsy Involvement of the arch of the aorta or of 
the commissures, resulting neither in valvular defor mitj nor m stenosis 
of the mouths of the coronaiy arteries, was present m 8 cases The 
syphilis m these cases seems an incidental finding, unrelated to the acute 
myocaidial lesion, since in all cases the more severe degrees of arteno- 
scleiosis were present Isolated atiesia of the mouth of one or of both 
coronaiy artenes was piesent in 3 cases In 1 of these atresia of the 
mouth of the right coionary aiteiy was associated with acute thrombosis 
of the antenoi descending artery In a second case atresia of both 
mouths, with acute thrombosis of the right coronary artery, was 
complicated by chionic active rheumatic valvulitis and superimposed 
acute endocarditis The third case, in which there was atresia of both 
mouths, was complicated, as were the other 2, by maiked arteriosclerosis 
The complicating factors rendered it unlikely that syphilis was the sole 
agent causing the miliary infarctions, although the combination may be 
of some significance 

An incompetent aoitic valve was present m 3 cases In the first, 
in the cardiac-sclerotic group, there was atresia of the mouth of the right 
coronary artery, the miliary infarctions were in the left ventricle and 
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interventricular wall m the areas supplied by the left coronary artery 
In the second case, in which, likewise, the mouth of the right coronal y 
aitery was affected, there were acute thiomboses of the left circumflex 
and anterior descending arteries In the third case, in the nonscleiotic 
gioup, a massive acute infarction was piesent This, then, remains the 
single instance m which syphilis seems to have played a definite 1 ole On 
the whole, however, it seems justifiable to state that syphilis plays a 
minor role in the entire group 

Lesions of rheumatic heart disease were found in 8 cases — 1 m the 
cardiac-sclerotic group, 3 m the noncaidiac-sclerotic gioup, 2 in the 
gioup in which acute thiombosis was present and 2 in the nonscleiotic 
group In 1 case each of the first and third gioups, the lesions were 
chronically active The others were healed In all cases, stenosis of 
the mitral valve or of the initial and aoitic valves was present That 
lheumatic disease as such has any beating on the production of mihaiy 
mfaiction seems veiy doubtful, to the best of our knowledge, the lesion 
has never been described m reports of cases of active rheumatic caiditis, 
nor have we seen it in such cases in this laboratory However, lheumatic 
disease maj have some bearing because it may produce a stenotic aoitic 
lesion which m itself is known to lendei a heait susceptible to any 
damage 

Roeslei and Soloff were of the opinion that m their case a toxic 
element arising from acute pneumonia was the causative factor under- 
lying the acute myocardial lesion In this senes, also, infection was 
piesent in a large majority of the cases Bacteria were nevei demon- 
strated within the lesion itself in any instance In a case pieviously 
reported, 2 thrombosis of a mam coronary aiteiy was precipitated by 
giam-positive cocci, enmeshed m fibnn, originating in acute lobar 
pneumonia 

Of the 17 cases m which theie was acute thrombosis or embolism 
of the mtramusculai blanches of the coionary artenes, bacteria were 
demonstrable in 1 case, they probably aiose from a chionic infection 
of the lowei genitourinary tract Of the remaining 16 cases, an acute 
infectious process was present m 11 In 1 case m the nonsclerotic gioup 
the heart was hypei trophied as a lesult of chionic active rheumatic 
valvulitis and essential hypertension, and acute endocarditis of the mitral 
valve and acute bionchopneumoma weie piesent 

There were 2 instances of infection m the noncardiac-scleiotic group 
In 1 case, aftei cholecystectomy, a nonhemolytic streptococcus was 
isolated , cellulitis developed at the site of incision and bronchopneumonia 
ensued Death v’as sudden In the second case an obstruction-infection 

2 Lisa, J R Unusual Findings in a Case of Acute Coronan Thrombosis, 
Arch Path 23 449 (March) 1937, Proc New York Path Soc, 1936-1937, p 3 
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syndiome developed after prostatectomy, the patient died suddenly 
after having had one anginal attack a few days pieviously 

In 2 of the cases in which acute coronary thiombosis was a feature 
an acute pneumonic process was noted In 1 of these theie were anginal 
symptoms, and a genitounnary obstruction-infection syndrome developed 
as a lesult of urethral stricture In the other case lobar pneumonia was 
piesent, and the signs and symptoms were primarily pulmonic 

There were 4 instances of bronchopneumonia and 2 of lobar pneu- 
monia in the cardiac-sclerotic group The cases of lobar pneumonia were 
of special interest A Negro woman of 39, who had suffered from con- 
gestive heart failure and angina foi ten months, had a terminal illness of 
two days’ duration, with severe congestive heart failure and signs of 
pulmonic consolidation The pneumonia was m the gray stage at death , 
it was evidently several days older than the history indicated In the 
second case the patient was a white man of 72 who had had sudden 
severe congestive heart failure for only thiee weeks before death 

The 82 cases in which thiombi weie not found are still to be con- 
sideied This number includes 20 of the 24 cases in which acute 
coionary thrombosis vas present m which thorough histologic studies 
were earned out 

In the nonsclerotic group theie weie 2 cases m which acute infection 
was present The 10 year old Negro girl had generalized miliary 
tuberculosis , a white woman with Hodgkin’s disease had bilateral 
suppurative maxillary gland infection and bronchopneumonia Acute 
infection was present m 9 cases in the noncardiac-sclerotic group In 
4 cases there were acute cerebrovascular accidents and broncho- 
pneumonia In 1 case there was chiomc pulmonary tuberculosis and 
acute coccal bronchopneumonia In 1 case there was prostatic hyper- 
trophy with an obstruction-infection syndrome, and the blood culture 
was positive for Bacillus proteus In another, general peritonitis 
developed following rupture of a senile uterus in which septic endo- 
metritis was present secondary to stenosis of the external os In another 
case, after an amputation for diabetic gangrene, theie was a septic course 
for four days In the last case theie was uremic coma with broncho- 
pneumonia 

In 9 of the cases in which acute coionary thrombosis was noted theie 
were infections In 1 case there were massive cerebral hemorrhage, 
acute lobar pneumonia and acute suppurative nephritis, gram-positive 
cocci were found in sections of the kidney In 6 cases there was acute 
bronchopneumonia, once with empyema, once with embolic glomeruhtis 
and once with acute miliary myocardial abscesses In another case there 
Avas a carbuncle of the back, and m the sixth case there was acute 
endocarditis and the blood culture was positive for Streptococcus 
haemolyticus Acute infection was present in 22 instances m the 
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cardiac-sclerotic group In most of them the infection was acute 
bronchopneumonia, although each of the following conditions was found 
once cellulitis of the leg, carbuncle, acute pulmonary tuberculosis and 
infection of the lower genitourinary tract In 3 cases pneumonia was 
complicated by empyema, in 1, by pencarditis It was of mteiest to 
note that the temperatuie seldom was a good indication of infection 
In many cases, even when extensive inflammation was present, the 
tempeiatuie was nevei above 100 F , the clinical syndiome was caidiac 

Chiomc infections weie present in 19 of the lemaming 40 cases 
1 m the nonsclerotic gioup, 3 m the noncaidiac-scleiotic group, 4 in 
the group m which coronary thrombosis was recorded, and 11 in the 
caidiac-scleiotic group In most of these the infection was chiomc 
tubular bronchiectasis, although pelvic infection and chronic tubeiculosis 
weie also found It should be stated in passing that m many cases 
acute bi onchopneumoma followed chiomc bronchitis of the same type 
Two factois were noted which might have been the basis foi increased 
susceptibility to the toxic effect of infection m this group of cases 
With three exceptions, m all cases there was extieme cardiac hyper- 
trophy, and m most of them, severe aiteriosclerosis In almost half 
of the cases theie weie old canalized thrombi m the supeificial coionary 
aitenes 

Infection was not demonstrated m the lemaming 26 cases, there was 
a suggestive finding m 1 case only , this was m a case in the nonsclerotic 
gioup m which sudden death occuned in the convalescent period aftei 
pneumonia Of the entile senes, however, infection was demonstrable 
m practically 75 per cent of the cases 

If infection, paiticularly pneumonia, is a causative factoi in pre- 
cipitating acute miliary infarctions, the occurrence of the latter should 
correspond closely to the winter months In this series, 65 instances 
of miliaiy mfaiction occuned m the penod from November to Apnl, 
and 34 m that fiom May to Octobei In the lattei gioup, active infec- 
tions weie present m 58 per cent of the cases It is of interest to note 
also that most of the cases m which chiomc purulent bronchiectasis was 
unassociated with acute bronchopneumonia weie included in the winter 
group 

SUMMARY AND CONCLUSIONS 

An acute lesion of the myocardium called miliaiy infarction is 
lepoited It was found in 99 cases and was usually associated with the 
clinical syndiome of sudden left ventncular failure The material 
reviewed consisted of 2,857 cases in "which autopsy was performed, it 
■was divided into two mam groups (1) cases m which coronary arterio- 
sclerosis was piesent and (2) cases m which this condition was not 
present The first gioup w’as subdivided into a cardiac-sclerotic group 
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and a noncardiac-sclei otic gioup on the basis of clinical symptomatology 
The lesion was most frequent in the cardiac-scleiotic group, much less 
so in the noncaidiac-scleiotic gioup and least fiequent m the non- 
scleiotic group In the cardiac-sclerotic group its incidence was equal 
to that of acute coronary thiombosis The greatly hypei trophied heart 
with marked scleiosis of the coronary aitenes seemed the most suscep- 
tible to the occuirence of the lesion 

In 17 of the 99 cases, thrombi oi emboli of the myocaidial branches 
of the coronaiy aitenes were found The thiombosis was bacterial in 
1 instance and malignant in another In 1 case thrombosis of a mam 
coronary artery was caused by a bactenal embolus arising from acute 
lobar pneumonia An infectious nature of the myocaidial lesion itself 
was never demonstrated Infections in other organs, most frequently 
the lungs, weie present in the majority of cases 

It is our opinion that the lesion in the majority of cases is toxic in 
nature and m a small percentage is due to embolism oi thiombosis of 
the muscular blanches of the coronaiy arteries, usually, even in this 
group, associated with infection 
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'll is common knowledge that once the colon bacillus leaves its normal 
habitat it sets up inflammation and causes acute or chronic disease in 
different organs tffne two most frequent locations foi such disease are 
the biliary' and the unnary tiadr In the urinai y tract the colon bacillus 
finds an enviroment that is favorable for its growth It would appear 
that the factois which permit thg^suivival and growth of the colon bacil- 
lus m the urmaiy tract are ( T) conditions which cause stasis of the urine 
and (2) fffcTchemical composition and reaction of the urine 

In the treatment of such infections of the unnary tract two methods 
aie m geneial use (1) those which relieve conditions that favoi stasis 
of unne and (2) those which change the leaction and chemical composi- 
tion of the mine so that the oiganisms have difficulty m surviving 

To lelieve stasis, obstiuctions to the free flow of urine are removed 
or lelieved To change the leaction and chemical composition of the 
urine, methods that make the urine moie acid or cause the urinary excre- 
tion of chemicals which have an unfavorable effect on the growth of the 
colon bacillus aie m common use 

One of the chemotherapeutic agents that have had wide use within 
the past tlnee years in the tieatment of infections of the unnary tiact is 
sulfanilamide Imhausei and Hubei 1 were among the first to call atten- 
tion to its possible value, and with the appearance of the report by Kenny 
and his co-\\oikeis 2 its use was placed on a lational footing They 
studied 46 cases of acute pyelitis and found that the urine was easily 
steiilized in all cases when moderate doses of the drug were given by 

From the Thorndike Atemorial Laboratory, Second and Fourth Alcdical 
Sen ices (Harvard), Boston Cit\ Hospital, and the Department of Aledicine, 
Harvard Alcdical School 

1 (a) Imhauscr, K Ueber die Behandlung septischer Erkrankungen nut 

Prontosil, Aled Ivlin 31 28 2, 1935 (/;) Huber, H G Ueber Prontosil bei der 

Behandlung der kindlichen Pyurie, Alunchen med Wchnschr 83 2014, 1936 

2 Kenny, AI , Johnston, F D , ion Haebler, T, and Allies, A A P-Amino 
Benzene Sulphonannde in Treatment of Bacterium Coli Infections of the Urinary 
Tract, with a Note on the Two-Plate Bacterial Count, Lancet 2 119, 1937 
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mouth The etiologic agent in all of their cases was the colon bacillus 
In vitro studies with the organisms fiom these patients revealed that there 
were marked vanations in the sensitivities of different stiams to the drug, 
and that both bacteriostatic and bacteucidal effects weie demonstiable m 
varying degree No coi relation was demonstiable between the ease of 
producing clinical stenlization of the urme and the resistance of the 
homologous organism to sulfanilamide m vitro 

Since that time many ai tides have appeared on the subject, the most 
noteworthy being those of Helmholz, 3 who described the marked bacteri- 
cidal effects of the drug m vitro on all the bactena commonly found as 
<£ausative agents in infections of the urinary tract, including Eschprichia 
coll, Bacillus proteus, Aerobacter aerogenes, staphylococci and all strepto- 
cocci except Streptococcus faecahs Helmholz also postulated that 
the bactericidal effect noted m vitro was greatly enhanced in an alkaline 
urine (pn 6 5 or greater) 

The majority of the other leports t have discussed the use of sulfanil- 
amide in the treatment of infections of the unnaiy passages associated 
with obstructions oi other gross abnormalities of these organs, of the type 
usually seen m urologic or surgical wards For this reason we began a 
study of the acute infections of the ui mai y tract so frequently seen m the 
medical wards This paper piesents the clinical data for 17 cases of 
patients with infections of the urinary tract and the bactenologic studies 
made m vitro on organisms isolated from the urine of these patients 

The diagnosis of pyelonephutis was made m those cases in which 
chills, fever and pam in the flanks, with or with ou t^dys u r i a and fre- 
quency, weie the prominent clinical features When dysuna and fre- 
quency occurred with only minimal evidence of disease in the upper part 
of the urinary tract, the condition was mterpi eted as a local cystitis In 
both diseases, baciifuria and pyuria were marked and the colon bacillus 
was initially isolated in pure cultuies Hypertension and albuminuria 
weie absent and the eyegrounds were normal m every case The excre- 
tion of casts was normal , an abnormal number of red blood cells was 
found m the urme only m those instances m which the symptoms of 
cystitis were piesent 


3 Helmholz, H F Bactericidal Powei of Urine After Administration of 
Prontylm by Mouth, Proc Staff Meet , Mayo Clin 12 244, 1937 Helmholz, 
H F , and Osterberg, A E Rate of Excretion and Bactericidal Power of Sulf- 
anilamide (Prontyhn) in Urine, ibid 12 377, 1937 

4 Vest, S A , Hill, J H , and Colston, J A C Experimental and Clinical 
Observations on Sulfanilamide m Urinary Tract Infections, J Urol 41 31, 1939 
Buchtel, H A , and Cook, E N The Use of Sulfanilamide m Treatment of 
Urinary Infections, Proc Staff Meet , Mayo Clin 12 444, 1938 King, K B 
Treatment of Urinary Infections with Particular Reference to Sulfanilamide, 
Internat Clin 3 208, 1938 Young, H H , and Vest, S A Treatment of 
Hematogenous Nephritis with Sulfanilamide, Ann Surg 108 828, 1938 
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All specimens of mine from women weie collected by stenle catheteri- 
zation , the infecting organism was isolated on eosm methylene blue and 
blood agar plates, and the numbei of organisms was estimated by appro- 
priate serial dilution, 1 cc of each dilution being poured m plain agar 
plates Sulfanilamide in lolpdci and mine was estimated by the method 
descubed by Marshall 5 6 ¥he excietion of formed elements m the mine 
was estimated m a selected group by the method descubed by Addis, 0 
m certain instances timed and concentrated, and m others tuned but 
unconcenti ated, specimens of the mine being used The sedimentation 
rate was measured by the method of Rourke and Emstene 7 by which 
the values are expressed m millimeters of settling during the penod of 
most rapid fall 

ANALYSIS OF CASES 

The data from 14 of the 17 cases are summaiized in table 1 The 
other 3 cases will be discussed in greater detail because they pi esent many 
interesting features which require emphasis 

The cases were divided into four groups on the basis of undei lying 
or predisposing processes It will be demonsti ated that the effectiveness 
of the drug, as judged by its ability to sterilize the mine and assist in 
eventual cure, vanes m each group 

Group 1 Infection of the Ui inaiy Ti act Associated with Pi egnancy 
— The data for cases 1 to 4 in table 1 summarize the pertinent facts m the 
cases of 4 young women m whom severe to moderately severe acute 
pyelonephritis developed m the second or third trimester of an otheiwise 
uneventful pi egnancy In the first 3 cases the tempeiature had returned 
to normal and most of the symptoms had subsided on a regimen of lest 
and admimstiation of large volumes of fluid, but bacilluna and pyuna 
weie persisting, when the drug was first admimsteied Treatment with 
sulfanilamide was followed by pei manent sterilization and cleai mg of the 
urine in 2 cases In the third the medication was it regular and the con- 
centration of sulfanilamide in the blood and urine was low While 
marked reduction was noted m the total numbei of oigamsms excieted, 
they never completely disappeared, and the patient was discharged fi om 
the hospital free of symptoms but with peisistent bacilluna 

Case 4 is of gieat mteiest, the clinical course is shown in chart 1 
The patient was admitted with symptoms and signs of pyelonephi ltis 

5 Marshall, E IC, and Litchfield, J T, Jr The Determination of Sulfanil- 
amide, Science 88 85, 1938 

6 Addis, T Formed Elements in the Urinary Sediment of Normal Indi- 
viduals, J Clin Investigation 2 409, 1926 

7 Rourke, M D , and Ernstene, AC A Method for Coi rectmg the 
Eiythrocyte Sedimentation Rate for Variations in the Cell Volume Percentage of 
Blood, J Clin Investigation 8 545, 1930 
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which were so severe that the diagnosis of a complicating perinephric 
abscess uas entertained She was acutely ill, and the mine contained 
many bacilli and leukocytes After the infection had continued to remain 
active foi a period of one month in spite ot the usual methods of treat- 
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t After mandelate therapy 

ment, sulfanilamide was exhibited by mouth Within three days the 
urine was sterile, the patient felt well, and the medication was stopped 
Bactenologic and clinical relapse occurred aftei five days, but the 
symptoms were again relieved by the administration of the drug Four 
months latei she was well She had no further symptoms referable to 
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the unnary tract and the renal function was normal An uneventful 
labor had taken place m the interval 

From these cases, one can say that 2 to 3 Gm of sulfanilamide, given 
in divided doses over a twenty-four hour period, weie adequate to effect 

of the Seventeen Cases 


Clinical Diagnosis 

Very severe acute pyelo 
nephritis 

Moderately severe acute 
pyelonephritis 
Moderately severe acute 
pyelonephritis 
Severe acute pyelonephritis 
Recurrence 

Mild acute pyelonephritis, 
cystitis 

Very severe pyelonephritis, 
cystitis 

Very severe acute pyelo 
nephritis 

Severe acute pyelonephritis 
and cystitis 

Severe cystitis, a relapse 
Mild cystitis a relapse 
Very severe acute pyelo 
nephritis 
Cystitis 

Oystitis 

Severe acute pyelonephritis 
Severe acute pyelonephritis 


Moderately severe acute 
pyelonephritis 
Acute pyelonephritis, a 
relapse 

Severe acute pyelonephritis 
B coli septicemia 


Very severe acute pvelo 
nephritis 


Acute pyelonephritis 

Recurrence 

Recurrence 


Complicating Factors 

Pregnancy, 5 mo , acute 
bronchitis 
Pregnancy, 5 mo 

Pregnancy, S mo 

Pregnancy, 1 mo 

Acute bronchitis 

Severe acute bronchitis 

None 

Moderate chronic pros 
tatitis 


Hypospadias 

Hodgkin’s disease chronic 
pyelonephritis ? 

Diabetes mellitus chronic 
cvstitis 

Acute tracheitis chronic 
cvstitis 

Chronic pyelonephritis 
rheumatic heart disease 
with decompensation 

Chronic pyelonephritis 


None 


None 


Chronic pyelonephritis 


T5 nf r rr Y* O A O 
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Results 
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Urine sterile 
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10 

C\stitis, severe 
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C\stitis, mild 

Right pelvis dilated, 
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Veil, urine sterile 

left kidnev rotated 

Normal 

None 


Normal 

350 

Well 100,000 B coll 
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Slight dilatation 
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Many B coli in 

right pelvis 


urine 

Slight dilatation 

14 
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Well urine sterile 

Double renal 

500 
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perineal pain with 
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Right superior 

Died 
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narrowed and 
irregular 

Right pelvis dilated 

n 

u 

Bacilluria recurred 

ureter kinked 


4 

Bacilluria recurred 


305 

Bacillurn present 
chronically ill 


stenlization of the urine in 3 cases of pyelonephritis of pregnancy In 
1, its exhibition was twice associated with a disappearance of the fever 
and with clinical mipiovement In the fourth case the treatment was 
inadequate, but the total excretion of organisms was reduced without 
sterilizing the urine In all of the cases there were no further symptoms 
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refeiable to the urinary tract after discharge from the hospital, and the 
pregnancy terminated normally in each case This study serves to 
emphasize the fact that the drug should be continued until all symptoms 
and signs of pyelonephritis have disappeared It should be added that the 
sterilization of the urme occurred without any pielimmaiy alterations 
m the reaction of the urine and that the best results weie obtained when 
the concentration of sulfanilamide m the urme was 50 to 100 mg per 
hundred cubic centimeters 

4 

Choup 2 Pyeloneplmtis zvith No History of Pievions Injection oj 
the Uiinaiy Tiact — In this group theie were 6 cases — cases 5 to 8 m 
table 1 and 2 others which will be considered later Cases 5 and 6 were 
those of patients with model ately seveie to seveie acute infections of the 
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Chait 1 — Course of events in case 4 In this and in succeeding- charts, PABS 
indicates sulfanilamide 

kidney whose clinical cui e had been obtained by rest m bed and induction 
oi an increase m the output of mine Sulfanilamide was given to these 
patients m an attempt to eiadicate the bacilluna and pyuria which 
persisted after the signs of acute infection had disappeaied In both 
cases the urine n as sterilized within three and twelve da) s, respectively 
When the patients were reexamined after one and six months, respec- 
tivel) , they wei e well and the urme was sterile 

Case 7 was that of a }oung woman who suffered fiom a very severe, 
prostiatmg infection Sulfanilamide was admmisteied at the height of 
the disease, its administration was followed by disappearance of the 
S) mptoms and signs of infection and by sterilization of the urme within 
three days The patient had a severe l eaction, with headache and nausea, 
so that clinical improvement was delayed until the withdiawal and elimi- 
nation of the drug Once the latter was accomplished, she promptly 
became well, and had continued so when seen one month later 
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Case 8, which was similar to case 7, was that of a man in whom 
dramatic clinical impiovement, with clearing of the mine, took place after 
the administration of sulfanilamide , all symptoms recurred after the with- 
drawal of the diug and again subsided on its administration A mild 
cystitis, associated with the appearance of Staphylococcus albus m the 
urine, failed to respond to a third couise, although a high concentration 
of the drug was obtained m the urine and blood A progressive, slowly 
developing anemia had prompted the teimmation of the first course but 
did not lecur on subsequent occasions when the drug was given m large 
doses for a prolonged period 
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Chart 2 — Course of events in case 15 

The following 2 cases, presented m detail, aie mstiuctive 

Case 15 — A young man was admitted to the hospital complaining of chills, 
fever and malaise after the passage of a urethral sound, which had been introduced 
in the course of an investigation of the sterility of his wife There was a history 
of gonorrhea, but he had never had any previous infection referable to the renal 
system The physical examination suggested the presence of an acute right-sided 
pj elonephntis The urine contained many white blood cells, and the blood and 
urine cultures were positive for the colon bacillus Subsequent retrograde pyelo- 
giams revealed that the pelvis of the left kidney was double, but the urine from 
this kidney was normal The urine from the opposite ureter showed a very 
great number of leukocytes and bacteria The couise of the patient’s illness is 
illustrated in chart 2 

The administration of sulfanilamide in doses of 5 Gm per day was begun 
shortly after the patient’s admission to the ward and was followed by clinical 
improvement, the temperature returned to normal, the blood was sterile on cul- 




940 


ARCHIVES OF INTERNAL MEDICINE 


ture and there was marked reduction of the total number of bacilli in the Urine 
The development of anemia prompted the discontinuance of this medication Fever 
and all other symptoms recurred within five days The exhibition of the drug 
was again followed by very marked clinical improvement, although there was 
practically no effect on the number of excreted bacteria The use of sulfanilamide 
was therefore again discontinued Another acute exacerbation of the disease fol- 
lowed but subsided without medication The administration of 12 Gm of ammonium 
mandelate per day, under controlled conditions which caused the excretion of 
an acid urine of limited volume, was begun, and it was continued for fifteen days 
without significant effect on the persisting evidences of infection 

Since the patient failed to return to full health and the urine continued to 
contain many white blood cells and bacteria, sulfanilamide was again exhibited, 
in a dose of 3 Gm per day, for five weeks With this regimen the urine became 
sterile within twenty-four hours, the excretion of cells and the erythrocyte sedi- 
mentation rate returned to normal and the patient gained weight and felt well 

One month aftei discharge from the hospital the patient suffered a severe 
attack of cystitis, with bacilluna, which subsided promptly without medication 
Two months later there was a brief period of pain in the perineum and fever 
of undetermined origin After that time he remained absolutely well until recently, 
eighteen months after the acute onset, when the cystitis recurred, accompanied 
by bleeding after micturition 

It was of considerable interest that sulfanilamide in large doses failed 
to sterilize the urine in the early stages of the illness, although its admin- 
istration was apparently accompanied by clinical improvement and sterili- 
zation of the blood Later, after the acute phase had subsided, a smaller 
dose of the drug was followed by immediate sterilization of the urine, 
with a concomitant gam in weight and return to good health Three 
subsequent events, cystitis on two occasions and an undiagnosed fever 
with pain in the region of the perineum, suggested that the infection was 
not eradicated from the genitourinary tract at the completion of the final 
course of sulfanilamide, but each attack has subsided uneventfully The 
course has indicated that no infection lemams in the kidney but that the 
prostate gland is still the site of active disease 

It should be pointed out that anemia developed during the use of the 
drug m the acute phase of the disease but did not recur when the drug 
was exhibited later, after the temperature became normal, for a pro- 
longed period 

Case 16 — A woman of 53 was admitted to the hospital with a history of chills, 
fever and malaise for a short time but without localizing signs or symptoms of infec- 
tion except for a few rales at the base of the right lung There was no history of 
any previous acute illness Retrograde pyelograms revealed a normal left kidney 
and some deformity of the superior cahx of the right kidney The patient’s course 
m the hospital is illustrated in chart 3 

Bacilluria was present dui mg the patient’s second week in the hospital but 
sulfanilamide was not used until a colon bacillus bacteremia was discovered during 
the fourth week The administration of the drug was followed by a fall in tem- 
perature and reduction in the number of organisms in the urine, but the blood 
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was not sterilized and the development of moderate anemia suggested the with- 
drawal of the drug This event, however, was followed by such a severe 
exacerbation of all symptoms and signs that sulfanilamide was again given, but 
this time it had no effect on the couise of the disease The patient died in the 
seventh week of her illness 

Autopsy revealed a normal light kidney In the left kidney there was a 
small stone in the inferior minor calyx, the mucosa of the pelvis was greatly 
inflamed and was sloughing, throughout the cortex there were a number of 
small abscesses, and there was thrombophlebitis of the small renal veins 

This case again suggests that sulfanilamide may favoiably influence 
the course of acute pyelonephritis without sterilizing the urine, as evi- 
denced by the apparently good effects of the drug when it was first used 
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Chait 3 — Couise of events m case 16 


That it should have been discontinued is unfortunate, but it is doubtful 
that the patient could have ever recovered without removal of the kidney, 
in the light of the existing thrombophlebitis of the intrinsic lenal vessels 

The course of the disease in this instance emphasizes the fact that 
severe acute infections of the kidney are potentially of gi ave significance 
and should be managed with great care The gradual development of 
moderate anemia m those instances in which the couise of the illness 
appears to be favorably influenced by the use of sulfanilamide is not a 
definite indication for the withdrawal of the drug , at times it may be wise 
to combat the lack of red blood cells by transfusion v ith whole blood, 
meanwhile continuing therapy with sulfanilamide 

Comment — 'Six cases of acute pyelonephi ltis without a pievious his- 
tory of infection of the unnary tract were studied In 2 the admimstra- 
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tion of sulfanilamide after the subsidence of the initial acute phase of the 
disease was followed by sterilization and clearing of the urme In 2, the 
drug was given during the height of the illness and a dramatic clinical 
improvement, with rapid fall of tempei ature and sterilization of the urine, 
occuned In 1 case, clinical and bactenologic relapse was immediately 
controlled by i eexhibiting the diug, a second mild relapse, associated 
with the presence of Staph albus in the urine, was not affected Three 
patients were available for fui ther studies and were found to be well, with 
sterile ui mes, aftei intervals of fi om one to six months 

Two additional cases presented nnpoitant features In both, very 
maiked clinical impiovement followed the exhibition of the drug during 
the acute stage of the disease, with a definite i eduction in the number of 
bactena m the urine but without their elimination In 1 case, a second 
course of the diug stenlized the mine promptly, although adequate 
mandelic acid theiapy had previously failed to accomplish this result It 
is impossible to assess exactly the effect of sulfanilamide on the outcome 
in this case , but it does seem definite that the di ug favorably altered the 
course of the acute illness, and that later it was of gi eat assistance m the 
eventual eradication of infection in the kidneys and in clearing the urine 
of bacteria The fact that the blood became sterile on cultui e should not 
be interpreted as a definite effect of the diug, since such bacteremias are 
notoriously transient 8 

The influence of the diug in the last case is impossible to evaluate 
Clinical improvement and reduction of the total bacilluna accompanied 
the use of the drug but the blood culture remained positive The result 
of its unfortunate withdrawal may suggest that had it been used con- 
tinuously a favoiable outcome would have been possible, but m the light 
of the observations at autopsy this is unlikely Ceitamly infection of the 
kidneys by the colon bacillus may be expected to be so extensive oi so 
complicated by various factors that death will ensue regal dless of the type 
of therapy instituted 

y ''Group 3 Acute Exacerbation of Chrome Infections of the Urinary 
Tract — Cases 10 and 11 are examples of exacei bations of long-standing 
chronic cystitis with other disease as a complicating factor The admin- 
istration of sulfanilamide in these instances failed to stei ilize the urine and 
was followed by symptomatic improvement m the second case only In 
the latter the patient when seen one year later had been well, but his 
pyuria and bacilluna persisted 

The effect of this drug in cases of acute pyelonephntis following pre- 
vious chronic infections is lllustiated by cases 12, 13 and 14 The first 

8 Keefer, C S , and Felty, A R Bacillus Coli Sepsis Clinical Study of 
Twenty-Eight Cases of Blood Stream Infection by Colon Bacillus, JAMA 
82 1430 (May 3) 1924 
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case it that of a young woman who had suffeied fiom subacute to chiomc 
cystitis foi foul years and who was admitted to the hospital with a severe 
1 ecurrent infection of the kidneys, which subsided 1 apidly Sulfanilamide 
therapy directed at the residual bacilluria and pyuria failed to stenhze 
the urine, although the patient became clinically well 

Case 13 is that of a young woman with decompensated lheumatic 
heart disease and cluonic pyelonephritis of seveial yeais' duiation An 
acute exaceibation developed in the hospital and failed to lespond to the 
usual theiapeutic measuies A course of sulfanilamide, given by mouth, 
was instituted Because of the depressed renal function (the standard 
urea clearance was only 30 per cent of normal) the concenti ation of the 
drug m the blood rose rapidly, and medication was stopped aftei foui 
days The concenti ation of sulfanilamide in the urine was high, and 
marked relief of all symptoms and stei llization of the unne took place 
One year later she was found to have bacilluna and to suffer from fie- 
quent attacks of pam m the flanks, with fever 

The next case in table 1 (case 14) is that of a man, 27 years of 
age, who had a history of recunent attacks of cystitis and pyeloneplmtis 
dating fiom childhood He was seveiely ill on admission, with pam in 
the flank, fever, bacilluna and pyui la All of these symptoms were read- 
ily conti oiled within a few days aftei exhibition of the diug, although 
bacteria continued to be present in the mine in small numbeis He was 
well when dischaiged, but he returned within two weeks in a i elapse 
identical with the previous attack Again the institution of sulfanilamide 
therapy was followed by rapid clinical improvement and sterilization of 
the urine Adequate doses of mandelic acid weie given foi two weeks 
When the patient was seen three months latei , he was well and his urine 
was normal 

The following lepoit presents in greater detail the couise of the 
illness m a patient who suffei ed repeated attacks of infection in the i lght 
kidney 

Case 17 — A young woman was admitted to the hospital in November 1937 
suffering from chills, fever, pain in the abdomen and the light flank and dysuria 
Ihe mine showed bacilli and pus Theie was a lnstoiy of several smnlai episodes 
Since rest, the administration of fluids m large volume and an adequate trial of 
therapy with mandelic acid failed to clear the urine, and since retrograde 
pyelography revealed abnormal movement of the right kidney, with dilatation of 
the renal pelvis, right nephropexy was performed 

Convalescence was uneventful, but the patient was leadmitted to the medical 
waids with a clinical picture identical with that on her previous entry The 
course of hei illness after that time, with pcitinent data, is illustrated in chart 4 
She improved rapidly on a regimen of rest and administration of large "volumes 
of fluids Three grams of sulfanilamide per day were given by mouth in two 
courses, and the bacilluna and pyuna rapidly disappeared Organisms and cells 
reappeared in the mine promptly on the withdrawal of medication, and during 
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the second attack clinical relapse also was observed At this time the urine was 
acidified and 12 Gm of calcium mandelate was given daily for five weeks 
Moderate pyuria and bacilluna continued The patient was discharged, only to 
leturn in three weeks with complaints similai to those on her previous entries 
A trial of very large doses of sulfanilamide was considered advisable at this 
time, so 8 Gm was given daily foi fifteen days The fluid output was limited 
to 1,500 cc , a high concentration of the drug in the urine and blood, a return 
of the urine to normal and clinical improvement weie thus attained There was 
no reaction to the diug except slight headache One week after withdrawal of 
sulfanilamide large numbers of bacteria and cells were to be found in the urine, 
although the patient felt well Thirteen weeks later she was reexamined The 
renal function was normal and the pyuria was minimal, but organisms could be 



Chart 4 — Course of events m case 17 


isolated from the urine and she suffered frequent mild attacks of pain in the 
light flank 

This case illustrates the ease with which the evidences of disease may 
be eliminated m a patient who suffers from lepeated attacks of urinary 
tiact infection and the difficulty of bringing about a permanent cure by 
the use of sulfanilamide It is also of mteiest and importance that two 
courses of calcium mandelate, under excellent control, failed entirely to 
eliminate bacteria from the urine 

Obstruction of the right ureter, of unknown cause, was undoubtedly 
the undei lying process responsible for the continuing difficulty m this 
patient, but it is impossible to determine whethei hei lepeated episodes 
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were the result of exacerbations of persisting chronic infection or of rein- 
fections m a kidney more than normally susceptible to disease The return 
of the excretion of white cells and of the sedimentation rate to within 
normal limits suggests, but m no sense proves, the lattei hypothesis 

Comment — Sulfanilamide failed to sterilize the urine in 3 cases of 
patients suffering acute exacerbations of chronic urinary tract infections, 
although the dosage and the concentration of the di ug in blood and ui me 
were similar to those m otliei cases in this study In 3 other cases 
bacteria disappeared from the urme , but they wei e known to have reap- 
peared in 2, and m the third mandehc acid was also used to effect a more 
permanent result In 2 instances clinical relapse was also observed on 
one or moie occasions Tieatment with sulfanilamide was followed in 
every case but 1 by rapid and striking clinical improvement, both m the 
initial phase and in relapse 

It is well known that a histoiy of repeated infection of the urinary 
tract militates against the possibility of eventual permanent cure, as 
relapse and reinfection are notoriously common regardless of the methods 
of therapy used These data suggest that, m so far as sulfanilamide is 
concerned, initial sterilization of the urinary passages may also be more 
difficult than in cases without such a history and, as is to be expected, 
the final results may not be wholly satisfactoiy 

Group 4 Marked Congenital Abnormality of the Urinary Passages 
— One case in this classification, that of a young man admitted to the hos- 
pital m the acute phase of a very severe pyelonephritis, has been studied 
Hypospadias was present, and retrograde pyelography revealed marked 
congenital abnormalities, with dilatation of the right pelvis and rotation 
of the left kidney , but there was no history of any previous acute episode 
The administration of sulfanilamide was begun on the first day in the 
hospital, there was a lapid return of the temperature to normal, the mine 
was sterile within five days and the patient was discharged, well He 
has not been seen since that time 


Comment — Sulfanilamide was effective m relieving the symptoms 
and sterilizing the urme of a patient with marked congenital abnormali- 
ties of the urinary tract ^ 


CRITERIA OF 


CURE 


It became evident eaily m this study that m certain instances the 
urme was veiy easily sterilized and pyuria markedly reduced after the 
oi al admimsti ation of sulfanilamide A few simple tests were then 
applied to a gioup of patients to determine whether such tests could be 
utilized as measures of the adequacy of therapy and permanence of cure 
-The procedures thought to be of the greatest potential value were deter- 
mination of the sedimentation rate of the erythrocytes by the method of 
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Rouike and Ernstene, and estimation of the twelve houi excietion of 
white cells m the urine, by the method of Addis The sedimentation rate 
is well established as a measure of tissue destruction within the body, 9 and 
the disappearance of pyuria has been used for many years as a criterion 
of healing of infections of the ui mai y tract The results of these studies 
are summarized in table 2 

The sedimentation rate of the erythrocytes was measured in 6 patients 
at the completion of a couise of theiapy with sulfanilamide and was found 
to be within the normal limits of 0 35 mm per minute m eveiy instance 
It had been elevated previously in all instances m which the determination 
was made dunng the acute illness Two patients had lemamed well foi 
intervals of seven and foity-five days, 2 had suffered attacks of acute 

Table 2 — Evaluation of Sedimentation Rate of Blood and Exaction of Leuko- 
cvtcs in Uitne as Ciitcna of Results of Treatment 


Sedimentation No White Blood Cells 
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cystitis, and 2 had seveie clinical and bactenologic relapse in the couise 
of an acute pyelonephi ltis 

The excretion of white blood cells was studied in 8 patients In 5 it 
was found to be within the normal limit of 3,000,000 cells per twelve 
hours Of these, 2 were still well when last seen, m 1 cystitis had devel- 
oped and 2 had suffered frank clinical and bactenologic relapse, similar 
to the initial infection Of those with abnormal excietion of cells, 1 has 
lemamed well, 1 has had a very severe cystitis and in 1 a very severe 
pyelonephi ltis developed within fourteen days after he left the hospital 

Case 17 is of interest because results of both tests were noimal on two 
occasions after the exhibition of sulfanilamide, yet severe active infection 
of the kidney developed after withdrawal of the drug on each occasion, 
once within tlm ty and once within five days 

9 Ham, T H , and Curtis, F Plasma Fibrinogen Resporse m Man, Medicine 
17 413, 1938 
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Comment — It is possible to conclude from these results that the dis- 
appearance of all signs of infection from the unnary passages, as evi- 
denced by the return of the sedimentation late and excretion of white 
cells to normal, does not guarantee a permanent cure of the disease, nor 
can these tests be used to determine effectively the optimum time for the 
cessation of theiapy 

TOXIC EFFECTS OF SULFANILAMIDE 

Minor toxic effects of the administration of sulfanilamide — cyanosis, 
headache, anorexia and malaise — have been repeatedly reported and were 
noted in nearly every case dui mg the course of this study In nearly all 
of the patients who were treated during the acute phase of their infection 
a slowly progiessing anemia developed, without jaundice, with led blood 
cell counts falling to approximately 3,500,000 and hemoglobin contents 
to 65 per cent (Sahli) Several of these patients received the drug for 
prolonged periods and in comparable doses later, after the febi lie period 
had passed, either without piogression of the anemia or, if the blood had 
retui ned to normal, without its redevelopment This would suggest that 
the presence of an acute febule illness is in part responsible for the devel- 
opment of this complication In certain instances, if the anemia seemed 
alarming, transfusions of whole blood were given and the use of the drug 
nas continued In others the diminution of red cells seemed to cease 
spontaneously at a certain level In a third group the medication was 
withdrawn 

In 1 case a marked apathy and malaise was noted but none of the 
other complications reported by other authois were observed 

FACTORS INFLUENCING THE CLINICAL RESULTS 

It is evident from the clinical results outlined previously that great 
differences exist in legat'd to the ease with which infections of the urinary 
tiact can be initially eradicated and to the peimanence of the eventual 
cure, for those patients who had previous histones of similar episodes 
were more difficult to relieve initially and to maintain m a state of health 

It is important to determine whether there are diffeiences m the treat- 
ment of these patients or demonsti able factors m the patients themselves 
to account for these vanations The clinical facts have been examined 
with this m mind, and no striking differences between these patients have 
been demonstrated All received similar basic tieatment, with restricted 
activity and the administration of large lolumes of fluid The urinary 
output was recorded , the average was from 2,500 to 3,500 cc per twenty- 
four hour period m each case The dosage of sulfanilamide varied from 
2 to 8 Gm , the usual amount being 3 Gm per twenty-four hour period, 
m divided doses The maximum obseived concentrations of the unacetyl- 
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aled drug weie fiom 2 5 to 13 7 mg per hundred cubic centimeters m 
the blood and from 23 0 to 363 8 mg in the urine Medication was con- 
tinued for from four to thirty-five days, but it is impossible to correlate 
the variation in time with any essential differences among the various 
groups Natuially, it is true that the patients with more lefractory infec- 
tions received laiger doses, attained higher levels of the drug in the blood 
and urine and weie maintained on tieatment foi longer periods of time 
than those m whom a satisfactoiy result was obtained easily 

As Long 10 has suggested, lai gei doses and higher concentrations of 
the drug in the body fluids might have effected a sterilization of the urine 
m those cases m which this result was not obtained In one case m which 
the medication was irregular this almost certainly was true Neverthe- 
less, amounts of the drug effective in some cases were ineffective in 
others, and in 2 instances large doses and high levels easily steiilized the 
urine but i elapse occuned almost at once after withdrawal of the diug 

Physically the individual patients piesented no striking diffeiences 
except for the presence of piegnancy in one group, congenital malforma- 
tion of the urinary passages m another, Hodgkin’s disease m 1 patient, 
and diabetes mellitus in another Retrograde pyelograms weie taken 
regulaily only when the infection was refiactory to treatment, but they 
were appi oxunately normal in ever}' instance except cases 9 and 17 

In the light of these facts — that certain persons suffenng from infec- 
tions of the unnary passages present a disease state which is difficult both 
to control initially and to eliminate entuely by the use of sulfanilamide, 
and that striking differences eithei in therapeutic regimen or m the 
patients themselves aie absent — a third possibility was suggested This 
was that there might be a marked difference m the sensitivity of the 
various strains of infecting organisms to the drug, and this hypothesis 
was tested m vitro 

STUDIES ON THE COLON BACILLUS IN VITRO 

Seven strains of Bacillus coll recovei ed fi om the patients pi eviously 
described in this report were studied m vitio to deteimme whethei there 
might be demonstrable individual differences m the organisms which 
made them less susceptible to the action of sulfanilamide It was also 
desirable to know the minimal concentration of the drug that would cause 
maximum bacteriostasis Long 10 has noted diffei ences m the sensitivity 
of various strains, but he has maintained that if large doses of the diug 
are given and a high concentration of the drug m the urine is obtained 
better clinical results will follow in those instances in which refractory 
strains have been piesent in the urine 

10 Long, P H , and Bliss, E Observations on the Mode of Action and 
Clinical Use of Sulfanilamide in Urinary Tract Infections, South M J 31 308, 
1938 
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Methods — The organisms were grown for eighteen hours m ordinary veal 
infusion broth and diluted in tenfold steps in the medium to be studied, since 
Mellon 11 reported greater activity of the drug when diluent and test substance were 
uime Agai pour plates were made with 1 cc amounts of the various dilutions 
before and after a twenty-four houi period in the incubator, to obtain initial counts 
of the organisms and to determine the effect of the drug Preliminary studies had 
revealed that the amount of sulfanilamide transferred to the plate with the medium 
would not affect the growth of the colon bacillus 

The urine used in certain instances was passed through a Berkefeld filter to 
insure sterility Sulfanilamide was added in suitable amounts from an 0 8 per 
cent solution When mandelic acid was used, it was added to the urine in the 
crystalline form, by weight 

Since Helmholz had suggested that the action of the drug in vitro is greater 
if the medium is alkaline, many of the tests were performed at various levels 
of pR, from 5 5 to 8 In those involving mandelic acid, the urine was adjusted to 
pH 5 5 after the addition of the acid 

Effect of Sulfanilamide in Veal Infusion — A preliminary study of 4 
strains of B coli, grown and diluted in ordinary broth at pn levels of 5 5, 
6 5,7 5, and 8 and at concentrations of sulfanilamide of 40, 80, and 160 
mg per hundred cubic centimeters, revealed no bacteriostatic oi bacteri- 
cidal effect of the di ug in 3 instances and very slight inhibition of growth 
m the fourth 

Effect of Sulfanilamide in Urine — After demonstrating the apparent 
inactivity of the drug against 4 strains of B cob m broth, we studied the 
same stiams m urine of varying p K and at different concentrations of the 
drug, to evaluate the possible effects of these two vai lables The results 
aie presented diagrammatically m chart 5 

Strains 1 and 2 were most susceptible to the action of the drug, and 
very marked bactericidal action was demonstrated As many as 100,000 
organisms of strain 1 were killed and as many as 10,000 of strain 2 The 
tests with strains 3 and 4 revealed very clearly the bacteriostatic activity 
of the drug, but only a few oiganisms were killed 

It is of great interest that no significant effect of p H was demonstiated 
and that with these stiams a very much greater mciease m the effective- 
ness of the drug was noticed when its concentration was laised from 40 to 
80 mg than when it was laised fiom 80 to 160 mg The lattei increase 
m concentiation failed in every instance to produce a significant increase 
m either bactei lostatic or bactei lcidal effects W ith sti ams 3 and 4, ev en 
when the concentration of the diug was raised to 320 mg no addi- 
tional inhibition of growth was observed 

Since it was possible that the urine might be more bacteriostatic than 
the amount of uncombined sulfanilamide present would suggest, owing to 

11 Mellon, R R , and Shinn, L E Potentiating Influence of Urine on 
Sulfanilamide’s Bacteriostatic Effect on E Cob in Vitro, Proc Soc Exper Biol 
& Med 37 331, 1937 
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Chart 5 — Effect of sulfanilamide, in varying concentrations and at different 
p H , on 4 strains of colon bacillus isolated from patients with infections of the 
urinaiy tract Strain 1 was isolated from the patient in case 3, strain 2, from a 
patient not discussed in this paper, strain 3, case 17, strain 4, case 8 



Chart 6 — Comparative effects of sulfanilamide and mandebc acid on 6 different 
strains of colon bacillus The concentration of sulfanilamide was 160 mg per 
hundred cubic centimeters of urine, and that of mandelic acid was 1000 mg , the 
p B was 5 5 Strain 1 was isolated from the patient m case 8, strain 2, case 1, 
strain 3, case 15, strain 4, case 13, strain 5, case 3, strain 6, case 17 
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the presence of an equal amount of the acetylated compound, these same 
stiams were tested m two samples of urme from a patient to whom the 
diug had been administered by mouth One specimen contained 81 0 
and 37 8 mg , per hundred cubic centimeters of the combined and the 
free foim, respectively , the other, 150 0 and 93 6 mg , respectively Each 
stiam was studied at different levels of pn, and m every instance the 
results were exactly comparable to those of the pi evious tests , the entire 
activity of the drug was apparently in its unacetylated form, as had been 
previously reported 12 

Six stiams of B coh isolated from patients under obseivation weie 
studied m urme with the concentration of sulfanilamide 160 mg and the 
pit 6 5 and, as a comparison, m urine with the concentiation of mandelic 
acid 1 per cent and the p n 5 5 The results of these experiments aie 
depicted graphically m chart 6 

Sulfanilamide had marked bactericidal effects only on sti ams 2 and 5 
No marked differences were observed among the other 4 strains , the 
demonstrable effect was moderate bactei lostasis 

Clinically, the urme in 5 of these patients was sterilized with ease, the 
concentration of the drug m the urme being less than 100 mg m every 
instance In the sixth (case 3) a very great reduction in the total num- 
ber of organisms exci eted took place at a time when the ui mary concen- 
tiation was 23 0 mg 

Two of the strains under discussion, 4 and 6, were isolated fiom 
patients m whom unsatisfactoiy clinical results were obtained, m the sense 
that relapse occurred in each Yet neither of these organisms in vitio 
appeal ed to be more refractory than the others studied 

The studies conducted with mandelic acid, under conditions com- 
paiable to those existing m the urinary passages, are also very striking 
Chart 6 shows that with every strain this agent was much more effectively 
bactericidal than sulfanilamide, since from 100,000 to 1,000,000 organ- 
isms weie killed in every instance, with some variation among the strains 
Clinically, however, this drug was admimsteied to 2 patients (cases 
15 and 17), under controlled conditions, with only minimal reduction of 
the number of organisms m the urine Subsequent exhibition of sulf- 
anilamide readily sterilized the urme in these persons This is suggestive 
evidence that the modes of action of sulfanilamide and mandelic acid are 
different and also that in vitro studies are liable to give a false impression 
as to the relative values of unnary antiseptics 

Comment — It has been possible to demonstrate certain facts by these 
studies on the colon bacillus in vitro Sulfanilamide is bactei lostatic oi 
bactericidal for this oigamsm, most markedly so when the concentration 

12 Marshall, E K Bacterial Chemotherapy The Pharmacology of Sulfanil- 
amide, Physiol Rev 19 240, 1939 
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of the drug is approximately 80 mg or more per hundred cubic centi- 
meters Increase of concentration above this level does not strikingly 
improve the action of the drug No effect of p K on its activity was 
demonstrable Definite differences exist m the relative sensitivities of 
various strains of B cob to the drug , but clinical sterilization of the urine 
occurs at levels which are only bacteriostatic in vitro and no correlation 
was observed between the m vitro and the clinical results in those 
instances in which unfavorable theiapeutic effects had been observed 

Mandehc acid is much more actively bactericidal than sulfanilamide 
in vitio, yet in these studies it was much less satisfactoiy for sterilizing 
the urine m vivo 

GENERAL COMMENT 

To understand the action of urinary antiseptics it is necessary to 
review some aspects of both the pathology of pyelonephritis and the 
mechanisms by which infection may leach the kidney 

Pathologic investigation of this type of renal infection has shown 13 
that there is primarily an involvement of the lymphatic system of the 
organ In many instances inflammation and necrosis of the epithelium 
of the pelvis and calices occurs, but, in addition, there is always wide- 
spread inflammation between the tubules and glomeruli, with cellular 
infiltration and veiy often small abscesses in these areas, from which 
bacteria may be recovered Healing is regularly accompanied by scarring 
and contraction of the kidney 

The manner m which the infecting oigamsm is able to reach the kid- 
ney and the mechanisms responsible for maintaining the disease have long 
been the subject of debate It is generally agreed that obstruction to the 
free flow of urine predisposes this organ to infection The principal 
source of disagreement is the question of whether the organisms reach 
the kidney by way of the blood stream or ascend from the lower urinary 
passages Such arguments are highly academic, especially m the light of 
recent experimental evidence which indicates that in the presence of 
urinary obstruction intravenous or mtraureteral injection of the colon 
bacillus m the rabbit will produce renal lesions practically identical with 
those of human pyelonephritis 14 

>x In summary, then, pyelonephritis is an infectious process which 
involves the entire kidney rather than the superficial tissues of the pelvis, 
and to which there is a predisposition m the presence of obstruction to 
the free flow of urine It is fair to assume that most of the patients 
described m this report suffered from disease of this nature 

13 Weiss, S , and Parker, F , Jr Pyelonephritis Its Relation to Vascular 
Lesions and to Arterial Hypertension, Medicine 18 221, 1939 

14 Mallory, K Personal communication to the authors 
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In the light of these facts, it is obvious that to legard the infected 
urinary passage as a container of urine, to be sterilized by the excretion 
into it of a bactericidal agent, is too supei ficial, since much of the infec- 
tious process lies deep m the renal tissue, far removed fiom the urine 
One might postulate that the drug-contammg urine is reabsorbed by the 
lenal lymphatic system, but this is a somewhat unlikely hypothesis The 
dramatic lesults of the administration of sulfanilamide, which frequently 
include sterilization of the urine in spite of only bacteriostatic or moder- 
ately bactericidal effects m vitio suggest that the action of the drug in the 
patient is more complex than m the test tube 

It is certainly true that the infection in the pai enchyma of the kidney 
must be cleared by the same cellular and immune mechanisms responsible 
for the healing of inflammatory processes elsewhere in the body The 
effectiveness of the theiapeutic agent here is limited to that degree of 
bacteriostasis which it is able to exert in those concentrations m which it 
it brought to the tissues by the blood stream 

In view of these observations, it seems likely that an agent which in 
vitio exerts marked bacteriostasis or bactencidal effects against the 
organisms responsible for an infection of the urmaiy passages has a 
threefold mode of action in the infected kidney 

First, the piesence of the agent m the uime inhibits the multiplication 
of the organism m the tubules, pelvis, ureter and bladder, and may 
destioy it It is possible that those membranes in direct contact with the 
ui me may absorb a sufficient amount of the drug for this effect to occur 
m their most superficial layers The direct lesult of this action will be 
decreased pioduction of toxin m the unnary tract, with consequent 
reduction of superficial inflammation, congestion and edema and, m turn, 
resultant relief of symptoms and decrease m obstruction to the urmaiy 
flow Water diuresis, long known to affect favorably the course of these 
infections, acts m a similar but less diamatic mannei by washing away 
the organisms from these areas 

Second, the elimination of obsti uction and the inhibition of multiplica- 
tion of the bacteria in the mine must markedly reduce the possibility of 
the reinfection which undoubtedly occurs in the deeper renal tissues u hen 
the tubules are engorged and the organisms are multiplying freely 

Thu d, depending on the possible relationship of the effect of the drug 
to its concentration m the blood, there may be direct action on the 01 gan- 
lsms in the deeper tissues, slowing their multiplication and permitting the 
usual clearing mechanisms to operate more effectively This action may 
be important m its effect on the colon bacillus, since these 01 gamsms are 
usually so weakly invasive that even a very slight reduction in the rate of 
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increase of the bacteria might be adequate to enable the tissues to 
eliminate them 

It is, then, piobable that final lecovery from infections of the kidney 
lesults fiom the activity of the immunogenic mechanism of the body, 
which may be aided by certain chemical agents In support of this theory 
are the facts that most acute renal infections are self limited and that 
healing is complete, in the absence of obstruction, even though no special 
therapy is instituted Relapse in the presence of obstruction may very 
well be due to repeated leinfection Chronic infections without demoli- 
sh able obstiuction, such as aie described m this papei, are extremely 
difficult to relieve with any drug, this fact suggests that the bacteria 
continue to remain viable and multiply in the tissues because of some 
unknown defect m the mechanism by which the body usually removes 
infecting agents 

From the study of the sensitivity of dififeient stiams of B cob which 
were isolated fiom the urine of patients with pyelonephutis the following 
facts emeiged When the bactena were incubated at different p H levels 
in veal infusion broth which contained varying concentrations of sulf- 
anilamide it was not possible to demonstiate that the diug had either a 
bactenostatic or a bactericidal effect However, when the same stiams 
were studied in sterile mine which contained sulfanilamide the results 
were different, in all instances there was bactenostasis and on 2 stiams 
the drug had definite bactencidal effects It was of interest that varying 
the p H of the urine seemc/d to produce no significant diffeience in the 
action of sulfanilamide The concentration of the diug, on the othei 
hand, was of the highest importance The most stukmg increase m the 
efficacy of the drug occuried when the concentration was inci eased from 
40 to 80 mg , there was little demonstrable increase in the action of the 
drug when higher concentrations were used The study also confirmed 
the obseivation of other workers that in samples of urine which contain 
both the free and the acetylated form of sulfanilamide the free form is 
the active pi mciple 

It was of intei est to compare the results m vitro with those m vivo 
It was found that in 5 of the 6 cases m which bacteria wei e cultured and 
tested in vitro, administration of sulfanilamide m vivo stei lhzed the mine , 
the concentration of the drug in the urine was less than 100 mg in evei y 
case In the sixth case, a great reduction in the total number of organ- 
isms excieted took place at a time when the concenti ation of the diug in 
the urine was only 23 mg These observations indicate that m the test 
tube it is possible to show bactericidal effects of sulfanilamide on only a 
few stiams of B coli, and on other strains the effect is merely bacterio- 
static On the other hand, when the drug is given to patients it often 
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prevents the growth of oigamsms in the mine This suggests that the 
action m the body is different from that m viti o and that there ai e exti a- 
pharmaceutic factors to account for this diffei ence 

When the effects of mandehc acid and of sulfanilamide on the same 
stiams of B coli in vitro weie compaied, it was found that mandehc acid 
m 1 per cent concentration at a /> H of 5 5 was a much more effective 
bactencidal agent than sulfanilamide, since from 100,000 to 1,000,000 
organisms were killed in eveiy instance There was some variation in 
resistance among the strains However, when mandehc acid was given 
to patients it bi ought about only a minimal reduction of the number of 
organisms m the urine Here the evidence again suggests that the mode 
of action of the drug is diffei ent in vivo and m vitro, and that m vitio 
studies aie liable to give an eironeous impression as to the lelative values 
of urmai y antiseptics 

SUMMARY 

A study of treatment with sulfanilamide in 17 cases of infection of the 
unnary tract due to Bacillus coli is presented Clinical impiovement and 
stenhzation of the urine were easily accomplished m most instances, the 
best results were obtained m those cases in which there was no previous 
history of infection of the unnary tract and in those m which the infection 
was associated with pregnancy If evidence of clnonic infection of the 
urinary passages was present the urine was moie difficult to stenlize, and 
clinical and bactenologic relapse frequently occurred 

The urine usually could be sterilized by the administration of 2 to 5 
Gm of sulfanilamide in twenty-four hours by mouth , this dose resulted 
m concentrations of from 23 0 to 139 0 mg of the drug per hundred 
cubic centimeters of urine No definite correlation was demonstrable 
between the dose of sulfanilamide, its concenti ation m the urme and the 
permanence of cure The return to normal of the number of formed 
elements excreted m the urme and of the sedimentation rate could not be 
regarded as indicative of peimanent eiadi cation of infection fiom the 
urinary tract 

The usual toxic symptoms associated with the administration of sulf- 
anilamide were observed Anemia regularly appeared when the diug 
was exhibited m the presence of fever but usually failed to recur when the 
di uejvas" admimstei ed in the absence of fever 
k'Seven strams^pTB coli isolated from the urines of these patients v ei e 
studied m vitio Sulfanilamide had marked bactei lostatic and, in certain 
instances, bactericidal effects on the bacteria , there were great differences 
m sensitivity to the drug between the various strains Optimal bacterio- 
stasis was obtained with concenti ations of more than 80 mg of sulfanil- 
amide per hundied cubic centimeteis of urme To increase its 
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concentration above 160 mg did not significantly increase the drug’s 
effectiveness The p K of the urine did not affect the activity of the drug 
m vitro 

No correlation was demonstiated between the activity of sulfanilamide 
in vitro and that in f ivo Mandehc acid in vitro was markedly bacterio- 
static for all strains, but m vivo it was not as effective as sulfanilamide 
in sterilizing the urine 

The mode of action of urinary antiseptics in relation to the pathologic 
process in infections of the urinary tract is considered 
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Though syphilitic aortic valvulitis and vegetative bacterial endo- 
carditis are well established separate chmcopathologic entities, the 
concomitant occurrence of the two processes on the same valve has 
been regarded as extremely rare, 1 and relatively little has been written 
on this subject In 1920 Libman 2 remarked on the infrequency with 
which bacterial endocarditis attacked valves previously altered by a 
syphilitic process Thayer’s 3 excellent monogiaph on infective endo- 
carditis gives the impression that the cases of simultaneous syphilitic 
and bacterial aoitic valvular involvement mentioned (i e , 4 certain cases 
and 2 doubtful ones) are admitted reluctantly and with a skepticism 
that such combinations occur Blumer, 4 Gross and Filed 3 and Levine 0 
likewise merely mention 1 case each but give no fuither details Review 
of the literatuie has yielded only 11 proved cases 7 Despite this paucity 

From the Department of Pathology and the Department of Medicine, Balti- 
more City Hospitals 

Read by title before the American Society for Clinical Investigation, Atlantic 
City, N J , May 1, 1939 

1 (a) MacCallum, W G A Text-Book of Pathology, ed 6, Philadelphia, 
W B Saunders Company, 1936, pp 695 and 701 ( b ) White, P D Heart 
Disease, New York, The Macmillan Company, 1935, p 365 

2 Libman, E , in discussion on Horder, T Discussion on the Clinical Sig- 
nificance and Course of Subacute Bacterial Endocarditis, But M J 2*304 (Aug 
28) 1920 

3 Thayer, W S Studies on Bacterial (Infective) Endocarditis, Johns 
Hopkins Hosp Rep 22 1, 1926 

4 Blumer, G Subacute Bacterial Endocarditis, Medicine 2 105 (May) 1923 

5 Gross, L, and Fried, B N Role Played by Rheumatic Fever m Implanta- 
tions of Bacterial Endocarditis, Am J Path 13 769 (Sept ) 1937 

6 Levine, S A Clinical Heart Disease, ed 2, Philadelphia, W B Saunders 
Company, 1936, p 192 

7 (c) Kastner, A Ueber Endocarditis lenta, Deutsches Arch f Klin Ivied 
126 370, 1918 (6) Briggs, L H Bacterial Endocarditis as a Sequel to Syphilitic 
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of material, we have come to think that bacterial endocarditis engrafted 
on syphilitic aortic valves, though not nearly as common as on rheu- 
matic valves, occurs more frequently than has heretofore been recog- 
nized In this connection a buef summary of the chronologic 
developments concerning the knowledge of rheumatic and syphilitic 
heart diseases will be presented, since the much earliei recognition of 
the pathologic changes in rheumatic heart disease and the greater fre- 
quency of bactenal endocarditis on rheumatic valves than on syphilitic 
valves have no doubt ovei shadowed the incidence of superimposed 
bacterial endocaiditis m other valvular states 

REVIEW OF THE LITERATURE 

The first recoid of clinical and pathologic obseivations m a case of 
bacterial endocarditis was made by Lancisi m 1707, 8 and a little more 
than one hundred years latex the characteristic lesions of acute rheu- 
matic valvulitis were described 0 A differentiation between these two 
valvular conditions was first attempted in 1851 by Oimerod, 10 and m 
1885 Osier 11 observed that valves which were the seat of “malignant 
endocarditis” frequently showed signs of previous damage Fiom the 
early part of the twentieth century to the present tune a steady stream 

Valve Defects, Am J M Sc 164 275 (Aug ) 1922 (c) Pineles, F Aortenlues 
und Endocarditis lenta, Med Klin 22 444 (March 19) 1926 (d) Cade, A Endo- 
cardite infectieuse a marche lente greffee sur une aortite syplnlitique, Lyon med 
139 731 (June 19) 1927 ( e ) Schnabel, T G , and Leivy, F E Cardiac Patients 

with Other Associated Diseases, M Clin North America 15 325 (Sept) 
1931 (/) Craven, E B Syphilitic Aortic Endocarditis and Superimposed 

Bacterial (Streptococcus Viridans) Endocarditis, Am J Path 8 81 (Jan ) 1932 
( g ) Raybaud, A , Jouve, A, and Farnarier, G Maladie de Jaccoud-Osler greffee 
sur une aortite chromque syphilitique, Bull et mem Soc med d hop de Paris 51 
136 (Feb 4) 1935 (/i) McMillan, R L , and Wilbur, E L Staphylococcic 

Endocarditis Superimposed on Syphilitic Aortic Endocarditis, JAMA 109 1194 
(Oct 9) 1937 (i) Smith, F J Co-Existence of Syphilis of the Aorta and 

Bacterial Endocarditis, Internat Clin 2 1 (June) 1937 (;) Martin, H E , and 

Adams, W L, Jr Bacterial Endocarditis Superimposed on Syphilitic Aortitis 
and Valvulitis Chmcopathological Study with Five Case Reports, Am Heart J 
16 714 (Dec ) 1938 

8 Lancisi, cited by Perry, C B Bactenal Endocarditis, Bristol, John Wright 
& Sons, Ltd , 1936 

9 Wells, W C On Rheumatism of the Heart, Tr Soc Improve M & Chir 
Knowl 3 373, 1812 Corvisart, J N A Treatise on the Diseases and 
Organic Lesions of the Heart and Great Vessels, translated by C H Hebb, London, 
Underwood & Blacks, 1813 

10 Ormerod, E L Gulstonian Lectures for 1851, London M Gaz 12 529, 
617 and 705, 1851 

11 Osier, W The Gulstonian Lectures on Malignant Endocarditis, Brit M J 
1 467, 522 and 577, 1885 
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of excellent work has appeared emphasizing strongly the “fiequent 
association and etiologic relationship” of rheumatic valvular alterations 
and bacterial endocai ditis 12 Since the time of Paget, 13 bicuspid valves 
nave often been described as being particularly disposed to implantation 
of bacterial vegetations 14 More recently, Gross 15 has indicated his belief 
that even “most of the bicuspid valves seen in adults owe then defoimit} 
to a previous rheumatic process ” 

In shaip conti ast to the developments concerning the knowledge 
of rheumatic heart disease and its frequent sequel, bactenal endocarditis, 
the progress m the field of cardiovascular syphilis has been slow and 
lelatively recent, even though syphilis itself has been known since the 
epidemics which occurred m the fifteenth and sixteenth centuries It 
remained foi Fiancis H Welch 16 to give the first accuiate descriptions 
of syphilitic aortitis and valvulitis in 1875 The essential facts concern- 
ing the pathologic changes are embodied m his repoi t Thei e are but feu 
diffeiences between Welch’s eaily descriptions and those encountered 
today, and Osier 17 commented in 1909 that this report remains “the 
most important communication upon the subject in English ” Unfor- 
tunately, however, Welch’s work was soon forgotten, but in 1885, 
Doehle, 18 working m Hellei’s laboiatories m Kiel, revived the interest 
m vascular syphilis by describing a typical case of aoititis, and in 1890 
he published a very complete description of the nncioscopic changes 
Opposition to both Doehle’s and Hellei’s views was maintained, how- 

12 Horder, T J Infective Endocarditis, with an Analysis of One Hundred 
and Fifty Cases and with Special Reference to the Chronic Form of the Disease, 
Quart J Med 2 283, 1909 Libman, E A Study of the Endocardial Lesions 
of Subacute Bacterial Endocarditis, with Particular Reference to Healing or Healed 
Lesions, with Clinical Notes, Am J M Sc 144 313, 1912 Combs, C F 
Rheumatic Heart Disease, Baltimore, William Wood & Company, 1924 Swift, 
H F The Heart in Infection, Am Heart J 3 629 (Aug ) 1928 Davis, D , and 
Weiss, S Relation of Subacute and Acute Bactenal Endocarditis, New England 
J Med 208 619, 1933 

13 Paget, J On Obstructions of the Branches of the Pulmonary Artery, Pioc 
Roy Med -Chir Soc 27 162, 1844 

14 Osier, W The Bicuspid Condition of the Aortic Vahes, Proc A Am 
Physicians 1 185, 1886 Lewis, T , and Grant, R T Observations Relating 
to Subacute Infective Endocarditis, Heait 10 21 (April) 1923 

15 Gross, L So-Called Congenital Bicuspid Aortic Vahes, Arch Path 23 
350 (March) 1937 

16 Welch, F H On Aortic Aneurism in the Army and the Conditions 
Associated with It, Med -Clur Tr 59 59, 1876 

17 Osier, W The Schorstem Lecture on Syphilis and Aneunsm, Brit M J 
2 1509, 1909 

18 Cited by Conner, L A Development of Knowledge Concerning Role of 
Svphilis in Cardio\ascular Disease (Frank Billings Lecture), JAMA 102 
575 (Feb 24) 1934 
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ever, until the meeting of the German Pathological Society m 1903 
To quote MacCallum la (p 695), “It was impressive and a revelation 
to listen to the discussion by Chian, Benda and Marchand, 

of the discovery of Doehle and Heller of the syphilitic nature of these 
changes, and particularly to realize the perfectly charactei istic and 
peculiar appearance of the aoita so affected Since then everyone has 
recognized it at a glance ” Confirmation of these obseivations 

was provided by Fiankel and Much 18 in 1908 They leported positive 
Wassermann leactions of the blood in 19 of 23 cases in which typical 
syphilitic mesaortitis was found at autopsy As foi the clinical diagnosis 
in cardiovascular syphilis, Curschmann 18 was probably the first to 
describe the tympanitic second aortic sound so fiequently identified with 
syphilitic aortitis, although he did not realize it at the time However, 
the clinical significance of this observation as well as the signs of 
aortic insufficiency were not generally appi eciated until aftei the advent 
of the more umveisal acceptance of the associated pathologic changes 
To our best knowledge the first proved case of bacterial endocarditis 
superimposed on syphilitic aortic valvulitis was repoited by Kastner 7a 
m 1918 His patient, a 54 year old white man, had syphilis (the Wassei- 
mann leaction of the blood was positive), and he piesented the typical 
clinical course of bacterial endocarditis Examination at autopsy 
revealed syphilitic aortitis and aortic valvulitis with superimposed bac- 
terial endocarditis Blood cultures dui mg life and at postmortem 
examination were sterile, but numeious organisms could be demon- 
stiated on the valve by means of bacterial stains In 1922 Bnggs 7b 
reported the case of a 35 yeai old man who on his first admission to the 
Hospital had syphilis (the Wassermann leaction of the blood was positive 
and he had a penile scar) and typical aoitic insufficiency Through 
the fault of the patient little antisyphihtic therapy was given, and one 
3 ear later he was readmitted, with signs of bacterial endocarditis 
Repeated blood cultures showed growths of nonhemolytic streptococci 
Postmortem examination revealed syphilitic aortitis and valvulitis with 
superimposed “acute verrucose endocarditis” and contact vegetations on 
the anterior mitral leaflet In the third case, reported in 1926 by Pmeles, 7c 
a positive blood culture was made showing Streptococcus viridans, and 
autopsy showed syphilitic aortitis and valvulitis as well as bacterial 
endocarditis Cade 7d added a similar case in 1929, and Schnabel and 
Leivy 7e in 1931 reported the fifth case In 1932 Craven 7f studied a 
case m which there was syphilitic aortitis with valvulitis Postmortem 
cultures showing Streptococcus viridans were obtained from the blood 
and from the bactenal vegetations on the aortic cusps There was no 
evidence or history of rheumatism Raybaud, Jouve and Farnarier 7g 
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m 1935 reported a case m which a “streptenteiococcic” organism was 
isolated dm mg life The eighth case to be reported was that of 
McMillan and Wilbur 711 in 1937 It is extremely interesting because 
the portal of entry was almost certainly suggested b) the clinical histoiy 
The patient, a 47 yeai old white man, had a positive Wassermann leac- 
tion of the blood and through his own negligence was inadequately 
treated Bouts of precordial pam from which he sufleied were relieved 
by moiphme, and soon the patient became addicted to the drug In the 
last year of his life he administered the diug to himself intiavenously, 
using “poorly sterilized tap watei ” On this, his last, leadnwssion to the 
hospital, the clinical diagnoses were syphilitic aortitis with aneuiysm 
formation and aortic insufficiency, and subacute glomerulonephritis 
Bactenal endocaiditis was suspected At autopsy these diagnoses weie 
confhmed, and a vegetative bacterial endocarditis was found on the 
aortic and mitral valves A postmortem culture taken fiom the spleen 
showed a “pure growth of hemolytic Staphylococcus auieus ” Theie was 
no evidence of lheumatic lesions on the initial valve The ninth case 
was reported by Smith 71 m 1937 The patient w as a 63 year old white 
man in whom septicemia developed m the course of an infection of the 
lower part of the unnary tiact, a prostatic abscess The Wassermann 
leaction of the blood was positive, and Staphylococcus albus was giown 
fiom material from the blood stream In 1938, Martin and Adams 71 
lepoited 5 cases in which bacterial endocaiditis was associated with 
syphilitic aortitis or valvulitis Only 2 of their cases could be classified 
as ones m which bacterial endocaiditis was supei imposed on syphilitic 
valvulitis The Wassermann reactions weie positive in both cases, and 
a postmoi tern cultui e of the blood in 1 case showed a growth of Strepto- 
coccus viridans 

Our intei est in this combination of maladies was aroused by the 
opportunity to observe 2 such cases during the past year We weie 
further stimulated by the fact that investigation ot our protocols levealed 
the presence of 7 other pioved cases which weie sinulai These 9 cases, 
provide the laison d’etie foi this study 

MATERIAL 

In older to obtain cases which weie unimpeachable, rigid criteria for 
their selection were imposed In all the cases there vere histones of 
syphilis, positive Wasseimann reactions of the blood or, when the reac- 
tions were negative, histones of antisjphihtic treatment In the autopsy 
lecords there were descriptions of the characteristic sy philitic changes 
not only m the aorta but also m the sinuses of Valsaha and m the 
aortic valve cusps In addition, the bacterial -\egetations had to be 
accuiately located and described, and complete descriptions gnen of the 
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valves other than the aortic to lule out especially the possibility of pie- 
vious rheumatic valvular involvement Sections taken foi microscopic 
study included material from the aorta, the sinus of Valsalva, the aortic 
valve cusps and the vegetations In this manner the syphilitic changes 
could be traced directly to the valve cusps on which the bactenal vegeta- 
tions were supei imposed All the cases were restudied and fresh 
sections made The bacteria and all the vegetations were stained by the 
method employed by Brown and Brenn, 19 in the sections of the aorta 
and the aortic valves the diminution of elastic tissue and medial mterrup- 


Table 1 — Analysis of 4,921 Autopsies, Showing the Distribution of Various 
Valvulai States as Well as Bactenal Endocai diiis ( Acute and Subacute ) 
on Pieviously Injiti ed and Normal Valves in Association 
tenth Syphilis * 


Rheumatic 

-A 




With a 
Positive 
Wasser 
mann 
Reaction 
of the 
Blood 


' > 


Normal 

A 


Type of 
Valvular 
Disease 

Syphilitic 

With 

Syphilitic 

Aortitis 

and 

Valvulitis 

Unasso 

ciated 

with 

Syphilis 

Bicuspid 

With 

Positive 

Wasser- 

mann 

Reaction 

Without 

Positive 

Wasser 

mann 

Reaction 

Arterio 

sclerosis 

Superimposed 
bacterial 
endocarditis 
(acute and 
subacute) 

9 

(3 3+%) 

3J 

(1 0%) 

4 + 

(2 1%) 

22 

(11 7%) 

7 

(53 7%) 

511 

411 

411 

No bacterial 
endocarditis 

25S 

23 

4 

132 

o§ 

? 

? 

? 

Totals 

2G7t 

(99 9+%) 

26 8 
(13 8%) (4 2%) 

(Total Rheumatic 

164 

(81 9%) 
—188) 

13 

(99 S+%) 

4,453 

(Total of Normal and 
Arteriosclerotic 

Valves) 


* Each per cent stated is that part of the total m the given column 

t This figure represents 32 6 per cent of the cases of syphilitic aortitis (i e SIS) or 20 4 per 
cent of all the cases of syphilis (l e 1,310) among the 4,921 cases analyzed 
t The bacterial vegetations were located on the rheumatic valve 
§ Eive doubtful cases were not included 

II Since it was impossible to separate the normal and arteriosclerotic valves accurately, no 
definite totals are included here 


tions were demonstrated by Verhoelf’s and Van Gieson’s stains Care 
was taken to exclude all cases m which it was thought that terminal 
bactenal invasion of the blood stream might have played a role — cases 
of so-called terminal bacterial endocarditis 

Among 8,700 autopsy protocols we were able to find complete 
records of 17 cases m which vegetative bacterial endocarditis was super- 
imposed on syphilitic aoitic valvulitis Though we felt that all of the 
latter were bona fide examples, we were obliged to exclude 8 of them 
for lack of suitable matenal for microscopic study Even if we had 

19 Brown, J H , and Brenn, L Method for Differential Staining of Gram- 
Positive and Gram-Negative Bacteria in Tissue Sections, Bull Johns Hopkins Hosp 
48 69 (Feb ) 1931 
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been able to include these additional cases, the statistics about to be 
presented would have been altered only slightly, since the present series 
of cases is practically a minor of the cases omitted The 9 remaining 
cases which we have studied were selected m the last 4,921 consecutive 
routine autopsies An analysis of the obseivations made m these 
autopsies, showing the occurrence of syphilitic and rheumatic valvulai 
diseases and their vanous combinations, is to be found m table 1 The 
peicentile distnbution of 58 cases of bacterial endocaiditis (acute and 
subacute) on pieviously injured and noimal valves is shown in table 2 
For the sake of bievity, only 1 case is presented in detail, a case of 
subacute bacterial endocarditis An analysis of the other cases as well 
as those abstracted from the literature is to be found m tables 3 and 4 
In these tables our 9 cases are numbered 12 to 20, inclusive, and the 
report which follows is of case 17 


Table 2 — Peicentile Distribution of 58 Cases of Bactciial Endocaiditis ( Acute and 
Subacute) on Pieviously Injmed and Noimal Valves 


Arterio 


Syphilitic 

Rheumatic 

Bicuspid 

Normal 

sclerotic 

Total 

16 6% 

GO 0% 

12 07% 

15 5% 

G 92% 

99 9% 

(9) 

(29) 

(7) 

(9) 

(4) 

(68) 


REPORT OF A CASE 

Iiistoiy — N I, a Negro aged 31, was admitted to the medical service of 
the Baltimore Citj Hospitals on Nov 26, 1937, with complaints of shortness of 
breath and weakness The family history was irrelevant The patient had never 
had rheumatic fever He was unable to date his syphilitic infection and had 
never had any antisyplnhtic therapy He had been m excellent health until 
the onset of his present illness Five weeks prior to his admission to the hospital 
a chest cold developed There was associated dyspnea, which became progressively 
worse Four weeks prior to admission there was an onset of orthopnea, weakness, 
epigastric discomfort, and dependent edema For three and one-half weeks before 
coming to the hospital he was confined to bed with the aforementioned symptoms 
There were no chills or symptoms of fever 

Physical Examination — The temperature was 99 4 F (374 C) The pulse 
rate was 100, the respiratory rate 22 and the blood pressure 130 systolic and 50 
diastolic The patient appeared in acute respiratory distress with Cheyne-Stokes 
breathing and generalized edema He was well developed and well nourished 
Only moderate cyanosis was present The pupils reacted to light and in accom- 
modation There were signs of some congestive changes at the bases of both 
lungs The heart was enlarged to the right and to the left, and a gallop rhythm 
was noted Theie were no murmurs at the base, but a musical s\stolic murmur 
was present at the apex The lner was felt and percussed 2 fingerbreadths below 
the right costal margin The spleen was not palpated Two da\s later the apical 
sjstolic murmur had disappeared and a diastolic murmur w r as noted over the aortic 
region The pulse was of the Corrigan tjpe There was marked edema of the 
abdomen and both lower extremities 



Table 3 — Tabulation of Essential Clinical Data on 20 Cases of Bacterial Endo- 
carditis Superimposed on Syphilitic Aoitic Valvulitis* 


r 

1 

2 

3 

4 

5 

6 

Age 

54 

35 

32 

42 

53 

23 

Sex 

M 

M 

M 

M 

F 

M 

Race 

W 

— 

W 

W 

W 

B 

Wassermann reaction 
of the bloodf 

+ 

A. 

4* 


+ 

+ 

Wassermann reaction 
of the spinal fluid 

_ 

0 

_ 

_ 

+ 

. 

Duration of syphilis in 
years 

s 

35 

. 

19 

34 

4 

Antisyphilitic therapy 

— 

1 

— 

— 

0 

+ 

History of rheumatic 
fever 

_ 

0 

_ 

0 

0 

0 

Temperature! 

I 

s 

— 

s 

s 

0 

Subjective sense of fever 

0 

JL 

0 

, 

c 

0 

Chills 

0 

+ 

0 


+ 

0 

Dyspnea 

4* 

+ 

T 

JL 

+ 

T 

Joint pains 

T 

0 

0 

0 

0 

0 

Embolic phenomena 

0 

-p 

— 

0 

~r 

— 

Petechme 

-U 

4" 

— 

0 

0 

— 

Clubbed fingers 

0 

0 

0 

0 

0 

0 

Palpable spleen 

— 

— 

— 

~ 

0 

— 

Enlarged heart 


— 

— 

— 

0 

*T 

Murmurs of aortic in 
sufficiency 

_ 

_ 

_ 


+ 

+ 

Varying intensities of 
murmurs 

0 

0 

0 

~r 

0 

0 

Pulse pressure in mm 
Hg 


so 



So 140 

Corrigan pulse 

— 

— 

— 

— 

— 

a- 

Anemia 

*r 

a. 

— 

— 

4" 

— 

Leukocytosis 

— 

— 

— 

0 

+ 

— 

Hematuria 

— 

+ 

— 

0 

+ 

— 

Duration of endocardi 
tis in months 

12 


— 

s 

1 

— 

Diagnosis ante mortem 

A- 

— 

0 

0 

0 

0 


Case 


7 

s 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

50 

47 

03 

61 

42 

44 

39 

40 

37 

40 

31 

52 

40 

28 

M 

M 

M 

M 

M 

M 

M 

M 

M 

F 

M 

M 

M 

M 

W 

W 

W 

W 

B 

B 

B 

B 

B 

B 

B 

W 

B 

B 

0 

+ 

4- 

+ 

+ 

+ 

+ 

+ 

+ 

0 

+ 

0 

+ 

+ 

0 

0 

— 

— 

— 

0 

0 

+ 

0 

0 

+ 

0 

+ 

+ 



29 

? 

46 

26 

9 

? 

12 

? 

? 

7 

? 

S 

? 

+ 

+ 

0 

0 

+ 

0 

0 

4- 

0 

+ 

0 

+ 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 



0 

0 

0 

0 

s 

I 

S 

s 

s 

0 

s 

c 

I 

c 

I 

s 



c 


R 

c 

I 


I 





R 

0 

-r 

+ 

0 

4- 

+ 

0 

0 

0 

0 

0 

0 

0 

0 

0 

+ 

+ 

0 

4- 

+ 

0 

0 

0 

0 

0 

0 

0 

0 

+ 

4- 

+ 

+ 

+ 

4- 

+ 

T 

~r 

+ 

+ 

+ 

+ 

+ 

0 

+ 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

+ 

0 

0 

J- 

0 

0 

+ 

0 

4- 

0 

0 

4- 

0 

0 

0 

0 

0 

0 

0 

0 

+ 

0 

T 

0 

0 

+ 

+ 

0 

0 

0 

0 

0 

+ 

0 

4* 

0 

0 

0 

0 

0 

0 

0 

-l- 

0 

— 

0 

0 

0 

4- 

0 

0 

0 

0 


0 

0 

— 

— 

— 

+ 

4- 

0 

4- 

+ 

4- 

+ 

~r 

+ 

+ 

+ 

+ 

4- 

9 

+ 

-r 

0 

? 

+ 

J- 

+ 

4- 

4- 

+ 

+ 

T 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 



122 

43 

141 

134 

55 

60 120 110 

110 

so 

75 ISO 100 

— 

— 

— 

4- 

+ 

0 

4- 

4- 

T 

+ 

4- 

+ 

-r 

+ 

J. 

+ 

j. 

0 

+ 

4- 

+ 

0 

4- 

0 

4* 

4" 

J. 

+ 

+ 

+ 

0 

0 

4- 

4- 

0 

0 

0 

0 

4- 

4* 

+ 

0 

+ 

4~ 

0 

0 

0 

0 

0 

0 

4- 

0 

0 

+ 

0 

0 

10 

, 

Vz 

1 

1 

Vz 

6 



2% 

12 

3 

c 

30 

Vz 




(?) 










(?) 

+ 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

+ 

0 

0 


* The dashes indicate tact of information 

t The patients having antisyphilitic therapy were inadequately treated Where Wassermann 
reactions of the blood were stated as being negative there were histories of treatment 

* Abbreviations regarding temperature indicate intermittent, septic, continuous and 
remittent 


Table 4 — Tabulation of Essential Pathologic Data of 20 Cases of Bacteual Endo- 
caiditis Supei imposed on Syphilitic Aoitic Valvulitis 


r 


Svphilitic aortitis 
Syphilitic valvulitis 
Aortic insufficiency 
Cardiac hypertrophy 
Other evidences of 
syphilis 

Previous valvular 
changes other than 
syphilitic 

Type of endocarditisf 
Mycotic aneurysm 
Myocarditis 
Pericarditis 

fSpleen 
Inf arcts-{ Kidney 
(Brain 
Nephritis 

Acute splenic tumor 


Case 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

IS 

19 

20 

+ 

-l- 

-1- 

T 

+ 

4- 

+ 

+ 

+ 

+ 

+ 

+ 

4- 

+ 

+ 

+ 

+ 

+ 

4* 

+ 

JL 


+ 


~r 

4* 

-L 

+ 

+ 

+ 

+ 

+ 

JL 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

— 


~r 

+ 

4* 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

4* 

+ 

+ 

+ 

+ 

4" 

4“ 

4“ 

-L- 

-L 

*r 

-I- 

"T 

4- 

+ 

T 

— 

+ 

+ 

0 

+ 

+ 

+ 

+ 

4“ 

+ 

+ 

+ 

— 

— 

— 

— 

-l- 

— 

— 

+ 

— 

0 

— 

0 

+ 

0 

0 

0 

0 

0 

0 

0 

0 

0 

_ 

0 

0 

0 

_ 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

s 

A 

s 

s 

A 

s 

s 

A 

A 

s 

A 

A 

s 

s 

s 

s 

s 

s 

s 

A 

0 

— 

0 

0 

0 

4 “ 

— 

0 

+ 

+ 

+ 

+ 

0 

0 

+ 

0 

+ 

4* 

4- 

0 

— 



— 

— 

— 

— 

+ 

0 

• 

0 

0 

0 

0 

0 

4- 

+ 

0 

0 

+ 

0 

— 

— 

• — 

— 

— 

— 

— 

. — 

— 

0 

+ 

0 

0 

0 

0 

0 

0 

0 

0 

0 

— - 

— 

0 

— 


0 

— 

+ 

+ 

0 

0 

0 

0 

0 

0 

0 

+ 

+ 

0 

+ 

— 

— 

-1- 

— 

+ 

0 

— 

0 

0 

0 

0 

4" 

0 

0 

+ 

0 

0 

0 

+ 

0 

— 

— 

0 

— 

0 

0 

— 

0 

0 

0 

0 

0 

0 

0 

0 

0 

+ 

+ 

0 

0 

— 

-L 

— 

— 

— 

0 

— 

4- 

— 

0 

0 

0 

+ 

0 

+ 

+ 

0 

+ 

0 

0 

— 

— 

+ 

T* 

— 

0 

— 

-L 

— 

0 

+ 

4- 

4" 

0 

0 

+ 

0 

+ 

0 

0 


* For a description including the location of the vegetations see the analysis of pathologic 
data m the test The dashes indicate lack of information 

f Abbreviations indicate the tvpe of endocarditis as subacute or acute 
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Laboratory Data — The urine was clear and amber colored, and the specific 
gravity was 1028 It had an acid reaction and contained albumin (1 plus) but 
no sugar , occasional white cells and granular casts were seen The Fishberg con- 
centration test (unsatisfactory) showed a fixed specific gravity at 1 015 The 
phenolsulfonphthalein test showed 60 per cent excretion Examination of the blood 
revealed 3,400,000 red cells and 12,000 white cells The hemoglobin content 
was 60 per cent and the differential smear normal Blood cultures were not 
made The Wassermann reaction of the blood was positive The Wassermann 
reaction of the cerebrospinal fluid was positive The colloidal mastic curve was 
3321000000 The chemistry of the blood was normal A roentgenogram of the 
chest confirmed the cardiac enlargement and the congestive changes m the lungs 
There was some fluid at the base of the right lung 

Clinical Course — The patient improved during the first month on being given 
digitalis and diuretics and being treated with general therapeutic measures He 
did, however, show fluctuations of temperature of an intermittent character, the 
elevation never going above 101 2 F (38 4 C ) On Dec 21, 1937, he was trans- 
ferred to the wards for patients with chronic conditions At this time there were 
noted systolic and diastolic murmurs over the aortic region, as well as an apical 
systolic murmur The patient was relatively free from edema About six days 
after transfer, the temperature having been 98 4 F (36 9 C ) for three days, 
an infection of the upper respiratory tract developed, with a mild pharyngitis, 
and his temperature rose to 100 F (37 8 C ) Edema of the face became apparent, 
but there were no significant urinary changes Generalized edema again made its 
appearance, and his condition gradually became more critical For the last few 
days of life he was restless, dyspneic and uncooperative, and he had some 
blood-tinged sputum There were never any petechiae He died on Feb 1, 1938, 
slightly more than three and one-half months after the onset of his symptoms 
For the last two weeks of life his temperature was normal Bacterial endocarditis 
was not suspected 

Autopsy — Anatomic Diagnosis Examination revealed syphilitic aortitis, 
syphilitic valvulitis and aortic insufficiency , left ventricular hypertrophy and dilata- 
tion were present, with mural thrombi m the right auricle and generalized chronic 
passive congestion There was subacute bacterial endocarditis of the aortic valve, 
with gram-positive cocci, possibly Str viridans, and there was a small mycotic 
aneurysm in the right sinus of Valsalva, with a ruptured mycotic aneurysm 
of the right aortic cusp, healing vegetations on the aortic valve were present and 
<m infarct m the spleen Examination revealed an old area of encephalomalacia in 
the right occipital lobe, and there was scarring in the thyroid gland 

Gross Description of the Heart and Aorta The heart was markedly hyper- 
trophied and dilated, especially the left ventricle, and it weighed 720 Gm There 
were small mural thrombi in the right auricle but nowhere else At the root of 
the aorta theie was typical syphilitic aortitis, with marked wrinkling and pucker- 
ing of the intima and thickening of the adventitia The breaks in the media were 
icadily visible This syphilitic process was directly continuous with a similar 
process in the sinuses of Valsalva, and from there it passed down to the aortic 
cusps The aortic ring was slightly dilated The commissures between the left and 
the middle cusp were thickened and fused for a distance of about 1 cm from their 
attachments The left cusp had its margin displaced 6 mm below the level of 
the others There was a slight fusion of the right and the middle cusps The \al\e 
then, was obviously insufficient The occlusal edges of the cusps ivere thickened and 
lolled On the ventricular surfaces of the right and middle cusps there were 
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small yellow and white granular vegetations This process was most extensive on 
the right cusp The vegetations were m part friable, but there were also older, 
tough areas which were definitely organized Some of the vegetations extended 
down on the endocardium of the membranous septum, but none were present 
along the free margins of the valve cusps There was a small bulge at the base 
of the right cusp, and here there was a perforation guarded by several small 
vegetations 

In the sinus of Valsalva, behind the small bulge, there was a little 11 regular 
opening in the endocardium, and a small aneurysm, S mm deep, was found The 
base of this could be seen as a yellow opaque spot in the musculature of the pul- 
monary conus behind the tricuspid valve The middle cusp contained a small gray 
•vegetation on a portion of the corpus arantn It measured 5 mm across and was 
tough The mitral valve was delicate, and its chordae tendineae showed nothing 
The pulmonary and tricuspid valves were normal The coronary arteries were 
delicate In the aorta the syphilitic process extended from the sinuses of Valsalva 
into the ascending portion and arch The very first part of the innominate artery 
was also involved by the process The wrinkling ended at a point just beyond 
the subclavian artery on the left The remainder of the aorta showed only slight 
changes which consisted of a few fatty streaks in the mtima 

Microscopic Lesions of the Heart The myocardium in the immediate vicinity 
of the aortic valve contained a small number of dense fibrous scars with a few 
lymphocytes about them There was scarcely any scarring m the remaining muscle 
In the right auricular appendage there were a few very slightly organized small 
thrombi The mitral valve and its elastic tissue were normal A small artery and 
a portion of the left circumflex artery in the sections showed no changes There 
were no evidences of previous rheumatic changes 

Microscopic Lesions of the Aorta, the Aortic Valve and the Sinus of Valsalva 
Several sections from different portions of the aorta all showed an advanced 
syphilitic process The adventitia was thickened by dense, wavy fibrous tissue 
which was partly hyalinized Many vasa vasorum and small arteries contained 
large collars of lymphocytes and plasma cells Moderate numbers showed various 
stages of obliterative endocarditis The media was markedly altered There 
were many young stellate vascular scars with numerous lymphocytes and plasma 
cells about them Numerous other dense fibrous scars caused a thinning out and 
many interruptions of the elastic tissue No fresh necroses were present The 
intima was irregularly thickened, was somewhat granular and showed the early 
changes of arteriosclerosis It was only a little scarred In the right sinus of 
Valsalva the syphilitic process was even more accentuated There were numerous 
large adventitial collections of lymphocytes and plasma cells about many blood- 
contammg capillaries and stellate scars In the media the elastic tissue stopped 
abruptly at the base of the aortic valve Here it was replaced by a dense, whorl ed, 
disordered hyaline mass in which small capillaries and focal collections of lympho- 
cytes were embedded The proximal portion of the valve was thickened by fibrous 
connective tissue in which there were numerous fibroblasts, lymphocytes and poly- 
morphonuclear leukocytes A little farther out the valve became hyaline and was 
completely perforated From this point on, a second process of a bacterial nature 
was superimposed on the syphilitic lesion The valve was distorted and heavily 
scarred There were many capillaries containing red corpuscles, and the poly- 
morphonuclear leukocytes were very numerous At one point in the middle of 
the cusp the leukocytic infiltration was extremely intense, and many of the cells 
appeared disintegrated Here the valve was thinner than elsewhere and somewhat 
necrotic, and one might suppose that this could have been the site of another 
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perforation Here too there were many small capillaries, almost to the point of 
hypercapillarization In one area the inflammatory vasculature in the val\e 
consisted of large anastomosing and often stellate blood-containing channels, 
referred to by Gross and Fried 5 in their cases of subacute bacterial endocarditis 
as the “spongy lesion ” Beyond this point the process suddenly stopped, and the 
occlusal part of the cusp showed only dense fibrous tissue and was club shaped 
The surface of the valve in this portion contained only a small amount of hyaline 
material and no bacteria The endothelium of the entire valve was irregularly 
thickened by proliferating and inflammatory cells Attached to the endocardium 
of the sinus of Valsalva was a thin mass of fibrin and gram-positive cocci This 
\egetation lined the edges of the perforation previously mentioned and passed 
through it to the ventricular surface of the cusp Here the masses of bacteria were 
large and appealed as dense clouds Many old and previously dead cocci had lost 
their gram-positive staining characteristics and were now gram-negative Some of 
the vegetations were partially organized and capillarized At their bases they 
contained thin spindle-shaped fibroblasts and large oval and polygonal and mono- 
nuclear cells, with deeply staining nuclei and basophilic cytoplasms Some of 
the latter cells were multinucleated They were most frequently found at the bases 
of the organized vegetations and were reminiscent of endothelial cells or macro- 


Table 5 — Age Incidence 






Decades 

A 





f' " 

I 

II 

III 

rv 

V 

VI 

VII 

Acute 

0 

0 

21 (28 6%) 

3 (42 9%) 

1 (14 2%) 

1 (14 2%) 

7 ( 35%) 

Subacute 

0 

1 (7 7%) 

4 (30 1%) 

4 (30 1%) 

3 (23 1%) 

1 ( 7 7%) 

13 ( 05%) 

Totals 

0 

1(6% ) 

6 (30% ) 

7 (35% ) 

4 (20% ) 

2 (10% ) 

20 (100%) 


phages The presence of these cells, when coupled with the organization of 
the vegetations and the large number of capillaries, bespeaks a subacute rather 
than an acute inflammatory process Some of the fibrinous masses which were 
only slightly organized contained polymorphonuclear leukocytes in small clumps, and 
some of these m turn were necrobiotic In no instance were there heavy poly- 
morphonuclear leukocytic infiltrations at the bases of the vegetations At most 
there were small numbers of lymphocytes and leukocytes, the former predominating 

ANALYSIS OF CLINICAL DATA 

The following analysis is based on the 11 cases collected from the 
hteiature as well as on our own 9 cases The cases will be referred to by 
their numbers m tables 3 and 4, our cases being 12 to 20 inclusive The 
age incidence is shown m table 5 

From table 5 one can see that acute and subacute endocarditis 
occurred most frequently in early or middle adult life In the cases of 
the acute type the patients’ ages varied from 35 years to 63 years In the 
cases of the subacute type the age vanance was from 23 to 61 years 
These figures parallel those usually given for acute and subacute 
bacterial endocarditis, but they are too small to permit generalization 
The average age was higher in white than m colored patients 
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With both acute and subacute endocarditis the incidence was much 
greatei m men than in women (table 6) The ratio tallies with that of 
uncomplicated syphilitic aortitis, but it is in contrast to the usually stated 
lower latio between the sexes in the usual cases of bacterial endocarditis 
(i e , 1 y 2 1 or 2 1) 

Nine, or 45 per cent, of the patients were white, 10, or 50 per cent, 
were coloied In 1 case no mention of race was made In the cases 
m the hteiature the patients were predominantly white, while in 8 of 
our 9 cases the patients were colored In 1,000 consecutive routine 
autopsies at this hospital, 595, or 59 5 per cent, of the patients were 
colored and 405, or 40 5 per cent, were white In most of the cases 
the patients weie coloied 

Type and Duration of Endocarditis — In 7 cases (35 per cent) the 
disease was acute and of less than one month’s duiation In 13 (65 per 
cent) the disease was subacute In the latter cases the shortest duration 
was two and a half months and the longest twelve months (table 3) 

Table 6 — Distribution as to Sev 



Men 

Women 

Totals 

Acute 

6 (85 7%) 

1 (14 2%) 

7 (35%) 

Subacute 

12 (92 8%) 

1 (7 6%) 

13 ( 65%) 

Totals 

18 (90% ) 

2 (10% ) 

20 (100%) 


Seiologic Examinations — The Wassermann reactions of the blood 
weie positive in 17 cases (85 per cent) In 3 (15 per cent) the reactions 
were negative, but histones of antisyphihtic therapy were obtained It is 
of interest to note here that several authors 20 have commented on the 
occurrence of false positive Wassermann reactions of the blood in 
the couise of subacute bactenal endocarditis The Wassermann reac- 
tions of the spinal fluid were positive in 5 cases, negative in 8 and not 
recoided m 7 

Duiation of Syphilis — The duration of syphilis was known m only 
10 cases The shortest was four years (23 year old Negro man), and 
the longest was forty-six years (63 year old white man) 

Antisyphihtic Therapy — In 8 cases (40 per cent) the patient 
received inadequate therapy, in 9 cases (45 per cent) the patient received 
none, and in 3 no mention was made concerning this point 

Histoiy of Rheumatic Fevei — In 18 cases (85 per cent) the patients 
stated they had never had rheumatic fever, and m 2 cases this informa- 
tion was not recorded 

20 Landau, A, and Held, J Sur la reaction de Bordet-Wassermann positive 
au cours de l’endocardite lente, Bull et mem Soc med d hop de Pans 49 1322 
(Oct 16) 1925 Kaldewey, W Ueber den Wert der Wassermann Reaktion bei 
Endocarditis, Deutsche med Wchnschr 49 443 (April 6) 1923 
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Poital of Infection — Of the 7 cases of acute endocarditis the portal 

01 method of entry was known in 3 cases It appeared to be ( 1 ) mti a- 
venous administration by the “morphine addict” of unstenle tap watei 
(case 8), (2) prostatic abscess (case 9) and (3) pneumococcic lobai 
pneumonia with septicemia (case 12) Of the 13 cases of subacute 
endocaiditis the portal of entry was unknown m every case, and the 
postmoitem observations were not illuminating on this point 

Mannei of Onset — In the cases of the acute type symptoms of 
severe septicemia predominated There was also extreme dyspnea m 
4 of the 7 cases In the cases of the subacute type the onset was similai 
to that m the usual cases of subacute bacterial endocarditis In most of 
the cases, however, seveie dyspnea appealed early and was followed 
on the aveiage of two to three months latei by penpheial edema and 
orthopnea Theiapy for cardiac failuie was of no avail Conspicuous 
by their absence were chills, chilly sensations and subjective sense of 
fever 

Type of Fevei — In the cases of acute endocarditis the tempeiatuies 
were moie septic In the cases of subacute endocaiditis the elevations 
were slight and intermittent, with morning fall, evening rise and slight 
variations in the daily peaks Normal temperatures were piesent in 3 
(23 per cent) of these cases 

Petechiae — Only 1 patient with acute endocarditis had petechiae 
Among those with subacute endocarditis 5 (38 6 per cent) had 
petechiae This is definitely less than is found in the usual cases of 
subacute bacterial endocaiditis 

Embolic Phenomena — Only 1 patient with acute endocaiditis had 
Osier nodes In those with subacute endocaiditis 6 (46 1 pei cent) 
complained of tenderness over the splenic area and of Oslei nodes In 

2 of these patients evidence of cerebial embolism was present (cases 7 
and 18) 

Palpability of the Spleen — In 1 patient with acute endocarditis and 
in 5 (38 per cent) with subacute endocarditis the spleen was palpable 

Clubbed Fingcis — One patient with acute endocarditis and 1 with 
subacute endocaiditis (congenital) had lnppocratic fingers 

Aithutis — In no case was there aithntis 

Occuuence of Ncphutis — Three of the patients with acute endo- 
carditis and 2 with subacute endocarditis had clinical nephritis This 
represents 25 per cent of all the cases and is distinctly a lower incidence 
than is usually found in endocaiditis 

Chaiacici of Pulse — Twelve patients (50 per cent) had a collapsing 
(Conigan) pulse, and m S cases no mention was made of this condition 
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Blood Pressure — Fifteen patients (75 per cent) had blood pressures 
typical of aortic insufficiency Average pressures were systolic, 148 mm 
of mercuiy, and diastolic, 44 mm of mercury, the pulse piessure was 
85 mm of mercury 

Caidiac Physical Findings — Twelve patients (60 per cent) showed 
predominantly left ventricular enlargement , 2 patients had small enlarge- 
ments, and regarding 6 patients no mention was made of ventricular 
enlargement Four patients had diastolic thrills Seventeen (85 per 
cent) had to and fro murmurs which were not altered at any tune during 
the course of the disease 

Roentgeno graphic Findings m the Heart — The left ventricle was 
enlarged in 10 (50 per cent) of the cases and normal in 3 No mention 
of roentgenographic findings was made in 7 

Uunaiy Findings — Red blood corpuscles were found m the urine 
of 6 (30 pei cent) of all the patients In 11 cases no blood was present, 
and in 3 this point was not mentioned Albumin was found in 10 (50 
per cent) of the cases 

Blood Findings — In all the cases in which the condition was acute 
the anemia was severe, the red blood corpuscles numbering less than 
2,500,000 in 5 of the 7 cases Polymorphonuclear leukocytosis was well 
pronounced m all Of the patients m whom the condition was subacute 
8 had red blood corpuscle counts of less than 4,000,000 The leukocyte 
counts were not excessive Hemoglobin values varied from 42 to 88 
per cent and were proportional to the red blood corpuscle counts 
Couise and Tei mutation — In the cases of acute endocarditis the 
symptoms of septicemia became progi essively worse, with death occur- 
ung withm four weeks The aortic insufficiency did not appear to be 
influenced m any way by the superimposed bacterial endocarditis The 
correct diagnosis was made in 1 case 

The course of the cases of subacute endocaiditis was similar to that 
seen m usual subacute bacterial endocarditis except that cardiac failure 
was more piomment than is ordinarily observed This condition was 
present in 11 (84 6 per cent) of the 13 cases of subacute endocarditis 
and greatly overshadowed the much subdued bacterial endocarditis The 
correct diagnosis was made m 3 of the 13 cases 

Summary of Main Clinical Chaiactenstics of Bacterial Endocarditis 
Associated with Syphilitic Aortic Valvular Insufficiency — The foregoing 
analysis of the clinical data showed that bacterial endocarditis may be 
engrafted on the aortic valves m cases of syphilitic aortic valvular insuffi- 
ciency as two distinct types, acute bacterial endocarditis and subacute 
bacterial endocarditis These types of endocarditis were found to be 
similar m most respects to those usually encountered m cases of acute 
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and subacute bacterial endocarditis They do, however, present certain 
differences which we shall here summanze 

1 Acute endocarditis There was a marked pievalence of this form 
of endocarditis m men, and there was positive evidence of syphilis in all 
cases, with absence of a history of rheumatic fever , marked dyspnea 
occurred at the onset of the disease, as well as typical physical changes 
1 eferable to cardiovascular syphilis, roentgenographic evidence indicated 
that the aorta was widened and the heart enlarged to the left, there 
was no alteration of preexistent muimurs 

2 Subacute endocarditis There was a marked prevalence in men 
and positive evidence of syphilis, with absence of a history of rheumatic 
fever m all the cases, absence of chills, chilly sensations or subjective 
sense of fever was typical in practically all the cases (91 per cent), 
progressive dyspnea was prominent early in the disease, with peripheral 
edema setting m about two to thiee months later The incidence of 
petechiae (38 6 per cent) was diminished, m conti ast to the usual 60 to 
70 per cent, with diminution m the incidence of embolic phenomena 
(38 6 pei cent), in contrast to the usual 85 to 90 per cent, there was 
absence of cerebral embolism in all but 2 cases, with reduction m the 
incidence of nephritis (15 3 per cent) m contrast to the usual 40 to 50 
per cent , the color of the skin was not said to be altered in any of the 
cases, typical physical changes were referable to cardiovasculai syphilis 
and the constancy of existing murmurs, roentgenographic evidence 
indicated that the aorta was widened and the heart enlarged to the left , 
the course was typically one of syphilitic cardiovascular involvement with 
signs of myocaidial failure (left ventncular) predominating and the 
bacterial piocess very much subdued, the correct diagnosis was made 
m 3 (23 pei cent) of these cases 

BACTERIOLOGIC STUDIES 

We shall include here the lesults of studies done intia vitam and 
post mortem 

Acute Endoccn chtis — Blood cultures (mtra vitam) were made in 
6 of the 7 cases In cases 5 and 11, 2 cultuies veie made for each 
patient, but no giowths were observed From the blood obtained m 
case 2 a nonhemolytic streptococcus was grown on three separate occa- 
sions In case 9, a blood culture made about two weeks befoie death 
shoved a growth of Staphylococcus albus (urine cultures also yield- 
ing Staph albus) In case 12 material for a blood culture taken 
twelve dajs befoie death yielded a pure growth of pneumococci 
(untyped), and eleven days later (a day before death) the spmal fluid 
cultuie also contained pneumococci In case 8, although blood for a 
cultuie was not taken mtra vitam, a postmortem culture of material 
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taken from the spleen showed a pure growth of hemolytic Staph 
aureus In only 1 other case was material taken for a postmortem 
culture (case 9) This culture showed the same organisms as were 
piesent during life (Staph albus) In case 20 no cultures were made 
In all the cases the organisms weie stained as gram-positive in the 
bacterial vegetations themselves In case 12 the bacteria were lancet- 
shaped diplococci for the greater part In case 8 they were grouped 
as clumps of cocci, while in the other cases no note as to the morphology 
of the bacteria was made No cultures were made in case 20 

Table 7 shows the organisms found mtra vitam and post mortem 
Subacute Endocarditis — In contrast to the cases in which the disease 
was acute and in which septicemia was obvious, blood cultures (mtra 
vitam) were not made in most of the cases m which the disease was 
subacute As has already been pointed out, the reason for this was that 
in most of the cases the correct diagnosis was not suspected during life 


Table 7 — Bactenologic Studies in Acute Cases 



Number of 


Organisms 

Cultures 

Material 

Nonhemolytic streptococcus (case 2) 

3 

Blood (Intra vitam) 

Hemolytic Staph aureus (case 8) 

1 

Spleen (post mortem) 

Staph albus (case 9) 

2 

Blood (Intra vitam, 2 weeks before death and 
post mortem) 

Pneumococcus (case 12) 

1 

Blood (intra vitam, 12 weeks before death) 

No growth (cases 5 , 11) 

No culture (case 20) 

2 each Blood (Intra vitam) 


In 9 cases (4, 6, 10, 14, 15, 16, 17, 18 and 19) no cultures were made 
mtra vitam In 2 others, the cultures showed no growths repeatedly 
(case 1, negative results twice, and case 13, negative results three times) 
In 1 instance (case 3) a blood culture showed a growth of Str 
viridans In 1 case (case 7) 2 cultures showed growths of “strepto- 
enterococcus” (also called Str viridans 7g ) 

Postmortem cultures were made m 3 cases and were not made m 10 
Of the 3 cases in which cultures were made, m 2 (cases 6 and 10) they 
showed growths of Str viridans, and in 1 (case 18) there was a non- 
hemolytic streptococcus In case 10 there were intestinal infarcts as well 
as generalized peritonitis, and it was stated by the authois that Str 
viridans was recovered in pure growth from the peritoneal cavity The 
blood cultures also showed a growth of this organism 

It appears, then, that m the cases m which cultures were made (mtra 
vitam and post mortem) Str viridans was found in 4 cases (3, 6, 7 
and 10), a nonhemolytic streptococcus m 1 (case 18), and no organisms 
were found in 2 cases (1 and 13) Table 8 summarizes the bacterial 
organisms observed m the cases of subacute endocarditis 
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Bacteria were stained m the valvular vegetations m all the cases 
The morphology of the organisms was not, however, always men- 
tioned In our own cases the organisms appeared as gram-positive 
cocci Occasionally, chains or diploformations were noted, but most 
often the organisms were arranged in clumps Frequently the cocci also 
stained gram-negative This would indicate, according to the technic 
used, 10 that numbers of the organisms which were nonviable mtra vitam 
presented altered staining reactions post mortem This change was 
noted in 6 of our 7 cases of subacute endocarditis (cases 13, 14, 16, 17, 
18 and 19) The type of valvular reaction seen in all our cases of the 
subacute type was very reminiscent of the usual changes seen m endo- 
carditis due to Streptococcus viridans, except that there was even greater 
tendency toward healing 

Table 8 — Bactenologic Studies in Subacute Endocarditis 


Number of 

Organisms Cultures 

Str viridans (case 3) l 

Str viridans (case 6) 1 

Streptoenterococcus (case 7) 

(Str viridans) 2 

Str viridans (case 10) 1 

Nonhemolytic streptococcus (case 18) 1 

No growth In 2 cases (1 and 13) 2 and 3, 

No cultures in G cases respectively 


Material 

Blood (intra vitam) 

Blood and valve (post mortem) 

Blood (intra vitam) 

Blood and peritoneal cavity (post mortem) 
Blood and valve (post mortem) 

Blood (intra vitam) 


ANALYSIS OF PATHOLOGIC DATA 

For the sake of convenience the syphilitic and the bactenal changes 
will be separated , however, in all the cases both processes existed on the 
same valves The gross and microscopic alterations will be considered 
together and not described in detail, since these changes have been 
mentioned extensively by other authors 21 

Syphilitic Changes — Aortitis In all the cases evidence of syphilitic 
aortitis was piesent In 4 cases the exact distribution of the aortitis 
was not mentioned The ascending aorta was involved m 16 cases, and 
the sinuses of Valsalva were implicated in all these cases In 5 cases the 
aich of the aorta was involved In 4 cases the entire aorta was affected 
In 2 cases there weie syphilitic aneurysms, m the sinus of Valsalva 
(case 5) and m the ascending aorta (case 6) In no instance were 
a egetations implanted on the aorta itself 

There did not appeal to be any correlation between the degree or the 
extent of the aortitis and the size or extent of the bactenal vegetations 
Valvulitis Evidence of valvulitis was present m all the cases In 
case 16, the syphilitic process was stated as extending into the sinuses 
of Valsah a The commissures were widened, and wheie there were no 


21 MacCallum ln Gross and Fried 5 
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vegetations the thick, cordhke occlusal margins and reti action of the 
cusps were appaient 

Aortic Valvular Insufficiency Ail the valves were described as being 
insufficient We realize that bacterial endocarditis itself could have 
accounted for some of the valvular insufficiency In an attempt to 
correlate the sizes of the bacterial vegetations with the degiee of insuffi- 
ciency it was noted that in most of the cases m which the cardiac weights 
were mentioned the sizes of the bacterial vegetations were inversely 
proportional to the sizes of the hearts This would be another point m 
favor of preexisting valvular insufficiency, since usually m the absence 
of other causes one finds large vegetations destroying the valve leaflets 
m the cases of endocarditis associated with valvular insufficiency 

Cardiac Hypertrophy The heart was enlarged m 18 cases The 
average weight was 645 Gm A companson of these cardiac weights 
with those found m our cases of subacute endocarditis superimposed on 
rheumatic aortic valves revealed that in the latter there was less hyper- 
trophy, the average weight being 500 Gm This, we feel, represents a 
significant difference 

Other Evidence of Syphilis Other syphilitic anatomic changes were 
evident in 3 cases tabes dorsalis (case 5), possible meningitis (case 8) 
and orchitis (case 13) 

Changes Due to Bacterial Endocarditis — Type of Endocarditis In 
7 cases (35 per cent) the disease was acute, and in 13 cases (65 per 
cent) it was subacute 

Location of Vegetations In all the cases the primary vegetations 
were located on the aortic valve cusps There was no essential difference 
between the locations of the vegetations m the cases of both acute and 
subacute endocarditis , hence they are considered together 

In 5 cases all the aortic cusps were involved (4 of these being of the 
subacute type) The individual cusps were affected m the following 
manner left cusp, 8 cases , right cusp, 8 cases , and the cusp not asso- 
ciated with a coronary orifice, 11 cases The sinuses of Valsalva were 
involved m 3 cases and the left ventricular surface of the membranous 
septum in 4 

One other observation is noteworthy In 8 of our own 9 cases, the 
vegetations were not on the occlusal margins of the valve cusps but 
rather on the ventricular surfaces and bases of the leaflets (figs 1 
and 5) There was no tendency for the vegetations to grow around 
the margins of the cusps and thus involve both sides These features 
are distinctly in contrast to those in the usual form of subacute bacterial 
endocarditis, m which the vegetations (even rheumatic veriucae) are 
practically always found along the occlusal margins of the valve leaflets 
on both sides The significance of these facts will be considered when 
the pathogenesis is discussed In the cases taken from the literature no 
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mention concerning these points was found Contact vegetations were 
present on the aortic surface of the anterior mitral leaflet in 8 cases ; on 
the chordae tendmeae in 4 cases and m the left auricle in 2 cases In 
none of the cases were any of the vegetations implanted on the syphilitic 
process in the aorta 

Description of Vegetations • In 3 of the cases of acute endocarditis 
the vegetations were described as being large or bulky, friable, wartlike 



Fig 1 — Heart in case 15, with syphilitic aortitis, valvulitis and large vegeta- 
tions at bases and over ventricular surfaces of posterior and left aortic cusps 
The thickened chordae tendmeae show small stringy vegetations 

or sessile and gray or dark red In the 3 remaining cases of acute endo- 
caiditis they were stated as being small, granular or fiat, friable, yellow 
or yellow-gray and necrotic Only 3 microscopic notes were recorded 
m the cases of this type, and these agreed completely with the usual 
descriptions of acute endocarditis 

In 10 cases of subacute endocarditis (77 per cent) the vegetations 
were small instead of being predominantly large, bulky and irregular, 



976 


ARCHIVES OF INTERNAL MEDICINE 


as aie the vegetations in most of the usual cases of subacute endocarditis 
In only 2 cases (7 and 15) were there large “voluminous or polypoid” 
vegetations The sizes of the others varied fiom “thm, granular layers” 
to layers 5 or 6 mm in diameter In 7 cases the vegetations were 
descubed as being numerous, and m 6 they were localized to only one 
of the aortic cusps The amount of organization did not always receive 



Fig 2 — Photomicrograph of a section of aorta m case 15, showing numerous 
stellate and vascular medial scars with scattered inflammatory cells In the lower 
part of the photograph a tiny vessel is completely obliterated and partially sur- 
rounded by a cuff of lymphocytes and plasma cells A larger, adjacent artery 
is almost completely occluded by an obliterative endarteritis Hematoxylin and 
eosin stain, X 46 


comment In 7 of our 9 cases of the subacute type the bases of the 
vegetations were said to be tough and organized, while their surfaces 
were fairly friable In 4 of the other cases the vegetations were stated 
as being partly organized or else just “friable ” The colors of the 















Fig 3 — Photomicrograph of a section through the base of an aortic cusp 
showing vegetation in case 15 On the right side of the photograph the valve is 
scarred by dense hyaline tissue In the body of the valve there are very numerous 
small blood channels, as well as large numbeis of inflammatory cells The left side 
of the photograph shows a portion of the bacterial vegetation with*destiuction of the 
subjacent part of the valve Hematoxylin and eosm stain , X 91 
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vegetations varied from pink, yellow, gray, and white to brownish 
yellow In our own cases the aortic valve cusps were never stated as 
being extensively destroyed or distorted The lack of these changes 
is again m contrast to the majority of the usual cases of endocarditis, in 
which such alterations are quite frequently described 

Microscopically, the condition in our cases was typical of the type of 
endocarditis seen in infections caused by Str vindans, with the exception 
that m most instances there was distinctly more organization of the 
bases than is usually seen, and in the depths of the vegetations nonviable 
organisms were relatively more frequent Microscopic descriptions were 
vague and lacking in most of the cases abstracted from the literature 
Mycotic Aneurysms in Valve Leaflets Among the cases of the acute 
type there were 4 aneurysms 2 in the right aortic cusp and 1 in each 
of the other two cusps There was also 1 aneurysm each in the anterior 
mitral leaflet and the right sinus of Valsalva Two of the aneurysms 
were ruptured 

Among the* cases of the subacute type there were 6 mycotic aneu- 
rysms affecting the aortic cusps 2 in the right aortic cusp and 2 in each 
of the other 2 cusps The anterior and posterior mitral leaflets and 
membranous septum also showed 1 aneurysm each Five of the aneu- 
rysms m this group were ruptured In our cases the mycotic aortic 
valvular aneurysms were ruptured at the bases of the cusps 
Embolic aneurysms were not mentioned in any of the cases 
Myocarditis * Among the cases of the subacute type focal areas of 
acute myocarditis were noted in 3 cases (15, 16 and 19) In case 7 there 
were “Bracht-Wachter” lesions In 9 cases there was no evidence of 
myocarditis, and m 7 no description was given There was no evidence 
of rheumatism in any of the cases 

Pericarditis In case 11 only was there subacute fibrinous peri- 
carditis This change was absent m all of our cases and not mentioned 
m the remaining cases 

Embolic Phenomena In 5 of the cases of the acute type there were 
septic infarcts , m 4 cases the infarcts were splenic , in 1 the infarct was 
renal, and m 1 case both splenic and renal infarcts were present 

In the cases of the subacute type embolic phenomena were distinctly 
reduced m number In 5 cases there were evidences of emboli In cases 
17 and 18 there were splenic infarcts and old areas of encephalomalacia , 
m cases 3, 15 and 19 there were renal infarcts In case 10 there was an 
embolus m the superior mesenteric artery, and there was widespread 
infarction m the patient’s bowel In 4 other cases there were no evi- 
dences of embolic phenomena, and m 3 this point was not mentioned 
Nephritis In the cases of acute endocarditis there were 2 cases m 
which the patients had glomerulonephritis , in case 2 the condition was 
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Fig 5 — Heart in case 17, with syphilitic aortitis, and valvulitis with valves 
displaced at different levels (aortic insufficiency) Small bacterial vegetations are 
present on the ventricular surfaces of right and posterior cusps Note probe 
passing through ruptured mycotic aneurysm at the base of right cusp 



Fig 6 — Photomicrograph of a section through base of ruptured mycotic 
aneurysm and light aortic cusp in case 17 Note vegetative material lining edges 
of perforation, as well as heavy inflammatory reaction beneath vegetations The 
more distal portion of the valve is heavily scarred Hematoxylin and eosin stain , 
X 30 
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acute and in case 8 it was subacute In 3 cases nephutis was absent, 
and in 2 no mention was made concerning this point 

In the cases of subacute endocarditis there weie only 4 patients who 
had subacute glomerulonephritis (cases 13, 15, 16 and 18) No bactena 
oi minute emboli could be found m the kidneys of our cases Arteriolo- 
sclerotic nephritis was piesent in case 14 In 5 cases theie was no 
nephutis, and in 3 this point was not mentioned The incidence of 



Fig 7 — Photomicrograph of a section of aorta in case 17, showing syphilitic 
aortitis White areas surrounded by the black represent medial interruptions and 
scars The thick adventitia shows one small vessel with moderately advanced 
changes of an obliterative endarteritis Verhoeff and Van Gieson elastic tissue 
stain , X 60 

nephritis at autopsy, then, was distinctly less than is found m the usual 
cases of subacute endocarditis 

Acute Splenic Tumor In 3 cases of acute endocarditis (cases 8, 11 
and 12) acute splenic tumors weie noted, and in 1 case no such tumor 
w as observed In the other 3 cases no mention of this point was made 
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In 5 cases of subacute endocaiditis (cases 3, 4, 13, 16 and 18) acute 
splenic tumor was obseived In 6 cases none were observed, and m 2 
cases no mention was made of this point 

Meningitis Pneumococcic meningitis occuired m case 12, a case of 
acute endocarditis, and the exact type of organism was unknown 

Previous Valvulai Changes Other Than Syphilitic In 18 of the 
cases no other valvular lesions weie present In 2 cases theie was no 
reference to this point 



Fig 8 — Photomicrograph of a section of right aortic cusp from case 6 show- 
ing vegetations containing gram-positive cocci m clumps, diplo formation and 
chains The larger black areas represent nuclei of inflammatory cells Brown 
and Brenn bacterial stain, X 1000 


Other Postmortem Observations In 8 cases (40 per cent of the 
entiie series), theie was geneiahzed chronic passive congestion, and m 
2 cases anasaica was present In 1 case there was pulmonary edema 
In each of 2 cases (case 12, acute endocarditis, and case 7, subacute 
endocarditis), there weie intimal abscesses m the aorta m the vicinity 
of the vegetations 
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Summaiy of Mam Pathologic Characteristics of Bacterial Vegetative 
Endocarditis Supei imposed on Syphilitic Aortic Valvulitis — At post- 
mortem examination, two types of bacterial endocarditis were found 
superimposed on syphilitic aortic valvulitis, acute endocarditis and sub- 
acute endocarditis In 4 of the cases of the subacute type cultures 
made either mtra vitam or post mortem showed growths of Str vindans 
In none of the cases were there any lesions resembling those seen in 
association with rheumatic fever These observations as well as those 
of other authors 22 are decidedly opposed to the old hypothesis that 
rheumatic valvulitis and subacute bacterial endocarditis due to Str 
vindans are one and the same disease 23 The majority of the observa- 
tions made at autopsy were similar to those of the usual forms of bacterial 
endocarditis The noteworthy differences aie summarized below 

1 Syphilitic aortitis, valvulitis and aortic insufficiency were present 
m all of the cases There was no evidence of rheumatism in any 
of the cases 

2 Cardiac hypertrophy was fairly pronounced in most of the cases, 
the average cardiac weight in this group being greater than in our 
rheumatic group, in which subacute bacterial endocarditis was 
superimposed on the aortic valves, on the mitral leaflets or on both 

3 Of the cases in which the exact locations of the aortic valvular 
vegetations were mentioned, the majority were exclusively con- 
fined to the ventricular surfaces and bases of the cusps with no 
tendency to involve either the occlusal margins or the opposite 
surfaces of the valve leaflets In all of our cases rupture of 
mycotic aneurysms occurred at the bases of the cusps 

4 Distortion or destruction of the aortic valve cusps was not men- 
tioned in any of the cases 

5 The sizes of the vegetations were just the reverse of what is found 
m the usual cases of bacterial endocarditis In the cases of acute 
endocarditis most of the vegetations were described as being large 
In the cases of subacute endocarditis the vegetations were small m 
the majority of instances In our cases, also, the bases of these 
vegetations were more organized than usual and frequently con- 
tained gram -negative (nonviable) bacteria 

6 The incidence of embolic phenomena and nephritis was distinctly 
reduced m the cases of subacute endocarditis 

22 (a) Koester, K Die embolische Endocarditis, Virchows Arch f path 

Anat 72 257, 1878 ( b ) Grant, R T , Wood, J E , Jr , and Jones, T D Heart 
Valve Irregularities m Relation to Subacute Bacterial Endocarditis, Heart 14 
247 (Aug ) 1928 (c) Nedzel, A Experimental Endocarditis, Arch Path 24 

143 (Aug) 1937 (rf) Thayer 3 

23 Sprague, H B Subacute Bacterial Endocarditis, J A M A 94 1037 
(April 5) 1930 Levine 6 



BRAUN STEIN-TOWN SEND—. ENDOCARDITIS AND VALVULITIS 983 

COMMENT 

In the mtroductoiy lemaiks it was indicated that the occuirence of 
bacterial endocarditis engiafted on syphilitic aortic valves was legal ded 
as rare It was also intimated that one possible reason for this, m the 
more or less universal opinion of the investigators, was that the eailier 
lecogmtion of lheumatic valvular disease and its association with bacte- 
lial endocarditis (especially the subacute variety) caused most observers 
to focus their attention almost exclusively on the relationship between 
these two pathologic entities Consequently, many authors have stressed 
the point that previous lheumatic valvular lesions are prerequisite for 
the occurrence in most cases of bacterial endocarditis 3 When one 
examines the analyses of a senes of cases of endocarditis, however, 
frequently only the figures on the percentile occurrence on previously 
damaged rheumatic valves is given These figures almost always vary 
from 60 to 80 per cent What, then, is the basis for the occurrence 
of the disease m the remaining 20 to 40 per cent 7 Bicuspid normal and 
arteriosclerotic valves sometimes account for the remainder, 24 but most 
frequently no stated analyses are presented Our own observations 
would indicate, moreover, that the combination of bacterial endocarditis 
and syphilitic aoitic valvulitis is more common than is generally stated, 
and thus we are reasonably certain that further study of cases of endo- 
carditis would reveal relatively more cases similar to the ones analyzed 
This would be especially true of conditions occurring m regions where 
endocarditis and syphilis exist side by side It is realized, however, that 
from the absolute point of view this combination of maladies is not 
nearly as common as the occurrence of bacterial endocarditis on valves 
previously altered by rheumatism, hence other explanations for this 
infrequency must be sought 

The pathogenesis of bacterial endocaiditis has often been discussed 22 
Among the possible mechanisms that lead to the valvular implantation 
of bacteria, the hemodynamic factor of tension seems especially pertinent 
in this group of cases. It has already been pointed out 5 that the “forma- 
tion of rheumatic verrucae m rheumatic cardiac disease is considerably 
influenced by mechanical stress and strain” and “the closure lines of 
those valve leaflets that are subjected to the greatest pressure changes 
(left ventricle) become the seat of verrucous formation ” It has also 
been observed that m cases in which the valves “have become so stiffened 
that they cannot close, a new line of veirucae forms on the site most 
exposed to eddies and blood currents ” More recently Nedzel 22c has 
concluded from his experimental woik that “pressor episodes” may play 
a role m the valvular preparation for bacterial implantation (adhesive- 
ness), as well as m the causation of bacteremia Furthermore, in a 


24 Thayer 8 Gross and Fried 5 
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variety of conditions 5 proliferative lesions (eosinophilic multmucleated 
inclusion bodies) are formed along the occlusal margins of the valves 
and may form a suitable site foi anchoiage of bacteria These changes 
aie stated to be more fiequent on rheumatic valves than on normal 
ones The mechanism for the foimation of bacterial endocarditis on 
normal valves is the same as in the rheumatic The components, how- 
ever, are reduced in number, and herein lies at least a partial explanation 
for the reduced incidence of endocarditis on such valves 

Further evidence that the hemodynamic factors are intimately con- 
cerned in the causation and localization of bacterial vegetations is to be 
found m the examples of severe mitial stenosis Such instances of 
“stiffened valves” have already been referred to, and superimposed 
bacterial endocarditis on valves so affected is extremely uncommon 23 
It might also be pointed out that in cases of chorea bacterial endocarditis 
is uncommon, while mitral stenosis is relatively fiequent Again, the 
incidence of rheumatic valvular disease in general and mitral stenosis 
in particular is greater m women, but the incidence of bacterial endo- 
carditis is greater m men 0 Among our own cases of rheumatism it has 
been found that m patients with advanced aortic insufficiency bacterial 
endocarditis was also very uncommon Most of the cases of rheumatism 
with aortic bactenal endocarditis have been regarded by us as instances 
in which the altered valvular margins were still completely or partially 
capable of opposing each other Moreover, the vegetations weie 
primarily on the occlusal margins m these cases It is also felt that if 
rheumatic aortic valvular insufficiency comparable to that associated with 
syphilitic valvulitis were present before the onset of bacterial endo- 
carditis, cardiac hypertrophy should be greater in the former because 
of the added extensive destruction of the valve cusps But, as a matter 
of fact, the average cardiac weights were less m the cases of rheu- 
matism with bacterial endocarditis than m the cases of syphilis The 
marked evidences of insufficiency observed in these cases, then, repre- 
sent the effects of destruction of the valve cusps, m contrast to the 
almost uniform lack of such alterations in the cases of syphilitic aortic 
insufficiency 

When one comes to a consideration of the cases of syphilis, it becomes 
apparent that certain of the aforementioned predisposing factors suitable 
to the formation of endocarditis are absent The valve cusps cannot 
appioxnnate each other and consequently are unable to cause irritation 
of their scarred occlusal margins Hence, they form a relatively poor 
anchoung ground for bacteria and vegetations This, of course, is 
distinctly m contrast to what has been said about the rheumatic valves 
The fact that m cases of syphilis the greatest tension and uritation are 
exerted on the ventricular surfaces and bases of the cusps explains most 
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satisfactory the localization of the vegetations on the latter areas m 
most of our own cases It would also account for the fact that the 
vegetations weie small and showed maiked tendency toward healing, 
because of less fnction than is found between opposing lines of closure 
In connection with these observations, it might be mentioned that bac- 
tericidal agents could conceivably be moie efficacious than usual in the 
tieatment of endocaiditis in syphilitic patients, in view of the great 
natural tendency of the vegetations to heal 

The clinical and pathologic differences from the usual forms of sub- 
acute bacterial endocarditis have ah eady been outlined These departures 
from the usual forms of subacute endocarditis aie explained by the 
alterations m pathologic findings as well Thus, with the evidences of 
gi eater healing and smaller vegetations, the lessened incidence of petech- 
lae, embolic phenomena and nephritis, as well as the very low grade 
sepsis can be explained The lack of valvulai destruction and the 
presence of small vegetations in most of the cases account for the con- 
stancy of the murmuis The sepsis, though milder than usual, is 
enough to cause the moderate anemia and the general debility which the 
patients experience The progressive cardiac failure with dyspnea and 
orthopnea is then to be expected in view of the extia load thiown on 
the already ovei burdened heart 

SUMMARY 

The clinical and pathologic observations m 20 cases of bacterial endo- 
carditis supei imposed on syphilitic aortic valvulitis have been analyzed 
Two types of endocarditis exist, acute and subacute Both, though 
similar to the usual types of endocarditis, do present certain differences 

In cases of the acute type there was a maiked pievalence m men, 
m all the cases of this type there was positive evidence of syphilis and 
absence of a history of rheumatic fever , marked dyspnea was present at 
the onset of the illness, and there were typical signs of syphilitic aortic 
valvular insufficiency and septicemia At autopsy the aortic valvular 
vegetations were described as large in most of the cases m which the 
size was mentioned There were syphilitic aortitis, valvulitis, aortic 
insufficiency and caidiac hypertrophy m all No changes due to rheu- 
matic fever weie present m any cases 

In the cases of the subacute type theie was also a maiked pievalence 
in men, and there was positive evidence of syphilis and absence of a 
history of rheumatic fever m all the cases m which this point was men- 
tioned, no chills, chilly sensations or subjective sense of fever were 
leported m most of the cases, there was progressive dyspnea early in 
Ihe disease, with peripheral edema setting in about two months later, 
1 educed incidence of petechiae, embolic phenomena and nephritis, there 
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were no changes in the color of the skm of the white patients, typical 
syphilitic aortic valvular insufficiency was present, and the course was 
typically one of cardiovascular syphilis with signs of myocardial failure 
(left ventricular) predominating and endocarditis appearing subdued 
Postmortem examinations revealed syphilitic aortitis, valvulitis and 
aortic insufficiency in all the cases , cardiac hypertrophy was pronounced, 
the average cardiac weight being greater than in the cases of rheumatism 
with aortic valvular bacterial endocarditis In our cases the vegetations 
were noted on the ventricular surfaces and bases of the valves and not 
on the occlusal margins, the vegetations were small, with a marked 
tendency toward healing, destruction or distortion of the aortic cusps 
was not mentioned in any case, there was no evidence of rheumatic 
changes in any of the cases (1 e , m the valves and myocardium) 

From the analysis of the bacteriologic studies it was found that in 
most of the cases acute endocarditis was caused by pyogenic organisms 
In 1 case it was caused by a nonhemolytic streptococcus In 2 cases 
materials taken for cultures repeatedly showed no growths, and in 1 case 
no cultures were made 

In the cases of subacute endocarditis Str vindans was observed in 
materials taken for culture mtra vitam in 2 cases and post mortem in 
2 cases A nonhemolytic streptococcus was observed in materials taken 
for culture post mortem in 1 case In 2 cases cultures (mtra vitam) 
repeatedly gave negative results, and in 6 instances no material was 
taken for culture 

The diagnosis of the simultaneous presence of both conditions is 
admittedly difficult, since not many clues are present to arouse suspicions 
of the existence of bacterial endocarditis Aortic insufficiency will in 
most instances be readily perceived Subacute endocarditis, however, 
will m most of the cases manifest itself only by a gradual progressive 
anemia, associated with slight daily intermittent rises m tempeiature, 
to 100 or 101 F Without other explanation for these conditions (fever 
and anemia) bacterial endocarditis superimposed on syphilitic aortic 
valvulitis must be suspected, and blood cultures should be made repeat- 
edly if negative results are given (In practically all of our cases the 
temperature elevation was thought to be due to terminal pneumonia, 
while the anemia, m most instances, was ignored ) 

When the evidences of subacute endocarditis are more outspoken 
(i e, embolic phenomena, petechiae and nephritis), then the diagnosis 
becomes simpler, but it must be remembered that these frank forms of 
subacute bacterial endocarditis are only occasionally (as far as we 
could make out) implanted on syphilitic aortic valves Most frequently 
they are located on rheumatic or normal valves, and the occurrence in 
these cases of positive Wassermann reactions would tend to throw one 
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off the right track. In the presence of definite syphilitic aortic insuffi- 
ciency, bactenal endocarditis, if obvious, is most likely to be situated 
on a valve other than the aortic. This will probably be true m most 
cases, even though it may be known that syphilitic aortic insufficiency 
has existed for a long time before the present illness 

SUMMARY AND CONCLUSIONS 

The clmicopathologic observations of bacterial endocarditis (acute 
and subacute) superimposed on syphilitic aoitic valvulitis are presented 
m detail 

To the 11 cases found in the hteiature, 9 of our own have been 
added, the total of 20 “pioved” cases including 7 of acute and 13 of 
subacute endocarditis 

That the diagnosis may be concomitant existence of the two conditions 
may be suspected when m the presence of syphilitic aortic valvular 
insufficiency a gradually progressive anemia exists with slight daily 
intermittent rises m tempeiatuie which cannot be explained by any other 
observations Frank evidence of bacterial endocarditis in the presence 
of syphilitic aortic insufficiency usually bespeaks the involvement of a 
valve other than the aortic 

The pathogenesis of bactenal endocaiditis is discussed m relation to 
our 9 cases, and possible reasons for the infrequency of the simultaneous 
occurrence of syphilitic aoitic valvulitis and bacterial endocarditis are 
presented 

Dr Frank B ICindell and Dr John T King Jr aided m the preparation of 
this paper 



FURTHER EXPERIENCE WITH THE ROENTGEN 
DIAGNOSIS OF IDIOPATHIC STEATORRHEA 


REPORT OF CASES, INCLUDING POSTMORTEM OBSERVATIONS 

IN ONE CASE 

JOHN L KANTOR, MD 

NEW YORK 

In a recent paper 1 I 1 eported 6 cases of so-called idiopathic steator- 
rhea, including roentgen examinations The diagnosis of this symptom 
complex, which includes nontropical sprue, intestinal infantilism and 
celiac disease, was based on the following considerations (1) Steator- 
lhea was demonstrated m each instance, (2) in the few cases in which 
the fat partition in the stools was determined, it was normal, (3) exami- 
nation of the duodenal ferments m 1 case gave normal values, (4) in no 
instance up to the time of publication of the paper was there any clinical 
evidence of pancreatic involvement In addition, in the 6 cases theie 
were other clinical features generally assumed to accompany idiopathic 
steatorrhea, namely, anemia, flat blood sugar curve, tetany and low 
serum calcium However, not all of these features were present in all 
the cases, nor were the features always constant m the same case 

Roentgenologically, there were noted changes m the bones, faint 
filling of the gallbladder, ileal stasis and colonic dilatation and redun- 
dancy , and, most striking of all, in 4 cases there was the peculiar smooth 
appearance of the upper part of the small intestine which I have 
described as the “moulage sign ” This appearance was first reported 
by Snell and Camp, 2 in 1934 In 1 case there was, in addition to the 
“moulage” appearance, an intermittent dilatation with spasm in the loops 
of the small intestine, a phenomenon which had been previously 
described by Mackie, Miller and Rhoads, 3 in 1935 These findings 
were sufficiently distinctive to enable me to make a diagnosis of idio- 
pathic steatorrhea on inspection of the roentgen films alone In a 
recent conversation I learned that Dr Walter C Alvarez has had the 
same experience 

1 Kantor, J L The Roentgen Diagnosis of Idiopathic Steatorrhea and 
Allied Conditions Practical Value of the “Moulage Sign,” Am J Roentgenol 
41 758-779, 1939 

2 Snell, A M , and Camp, J D Chronic Idiopathic Steatorrhea Roent- 
genologic Observations, Arch Int Med 53 615-629 (April) 1934 

3 Mackie, T T , Miller, D K , and Rhoads, C P Sprue Roentgenologic 
Changes m the Small Intestine, Am J Trop Med 15 571-590, 1935 
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Since writing the original paper I have obseived 2 new cases, 1 of 
which I have had the opportunity of following to autopsy In this 
instance it was possible to demonstrate complete loss of intestinal 
valvulae in the aieas where the “moulage sign” had been observed, the 
anatomic basis of the sign was thus established It is the plan of this 
paper to lecapitulate briefly the 6 cases already reported, noting new 
developments wheie these have occurred, and then to repoit m detail 
the new matenal 

CASES PREVIOUSLY REPORTED 

Case 1 — The patient was a woman aged 45 with a history of probable steator- 
rhea in childhood There was marked dwarfing of the skeleton, with deformity of 
the bones and osteoporosis During an "active period" observation at Montefiore 
Hospital showed steatorrhea, abdominal distention and a flat blood sugar curve 
The "moulage sign” was not demonstrated 

Case 2 — A woman 55 years old gave a history of long-standing duodenal ulcer 
and of a ten year period of unexplained loss of weight, which had terminated m 
a recent phase of frothy diarrhea with marked abdominal distention Death 
ensued from perforation of, and hemorrhage from, the ulcer The combination of 
peptic ulcer with steatorrhea has been previously described m the literature and 
will be mentioned again in case 7 A "moulage sign” was demonstrated The 
gallbladder was not studied 

Case 3 — A man of 30 suffered from marked malnutrition, with loss of almost 
half his normal body weight , achlorhydria , gastrospasm and pylorospasm, which 
led to exploratory laparotomy and gastrotomy, anemia, psychotic symptoms, 
tachycardia, hyperhidrosis, and asthenia There were colonic dilatation and 
redundancy The "moulage sign” was not demonstrated The gallbladder was not 
studied Through Dr J S Diamond 4 it was learned that a subsequent study of 
the pancreatic secretion by the new secretin technic showed a diminution m the 
concentration of lipase to 32 units, as against a normal minimum of 153 units 
Thus there is a possibility that this case may, after all, be one of pancreatic 
insufficiency rather than one of idiopathic steatorrhea It should be observed m 
this connection that up to the present time it has been impossible to set definite 
quantitative limits for normal values for lipase, presumably because most of the 
studies reported were done on the mixed duodenal secretions (Comfort, Parker 
and Osterberg 5 6 ) instead of on the pure pancreatic juice obtained by the new 
technic 0 

4 Diamond, J S ; Siegel, S A ; Gall, M B , and Karlen, S The Use of 
Secretin as a Clinical Test of Pancreatic Function, Am J Digest Dis 6:366-372, 
1939 

5 Comfort, M W , Parker, R L , and Osterberg, A E The Concentration 
of Pancreatic Enzymes m the Duodenum of Normal Persons and Persons with 
Disease of the Upper Part of the Abdomen, Am J Digest Dis 6.249-254, 1939 

6 Agren, G, and Lagerlof, H The Pancreatic Secretion m Man After 
Intravenous Administration of Secretin, Acta med Scandmav 90 . 1-29, 1936 Agren, 
G , Lagerlof, H , and Berglund, H The Secretin Test of Pancreatic Function 
m the Diagnosis of Pancreatic Disease, ibid 90:224-271, 1936 Chiray, M, and 
Bolgert, M Le test a la secretme dans les affections du pancreas, Arch d mal 
de l’app digestif 29 5-32, 1939 Diamond, Siegel, Gall and Karlen 4 



990 


ARCHIVES OF INTERNAL MEDICINE 


Case 4— A woman aged 45 suffered from steatorrhea complicated by severe 
abdominal pain, hemorrhagic diathesis, anemia, tetany, amenorrhea, disturbed 
water metabolism, transient severe leukocytosis and increased coagulation time 
Roentgen studies showed colonic dilatation and a “moulage sign” which persisted 
for over a year before appropriate therapy was instituted After treatment for 
sprue the “moulage sign” diminished and there was clinical recovery The gall- 
bladder was atonic and filled faintly at the original examination Hemorrhage 
into the digestive tract took place, this was unusual, but it had been previously 
reported in the literature by Holst 7 and Snell 8 and was again observed in case 7 
After the steatorrhea was controlled, pam developed in the left upper quadrant 
of the abdomen, which always came on m the late afternoon, evening or night 
Pain is not usual in idiopathic steatorrhea but was observed again in case 7 
Belladonna, alkalis and calcium had some effect on the pain, but the most reliable 
medicament was acetylsalicyhc acid Since the salicylates are known to be 
cholagogues this observation is interesting After the original examination bile 
salts were administered for one month The gallbladder was then restudied , it 
was found to be smaller in size, and the concentration of dye was greater 

Case 5 — A woman aged 27 suffered from fatty diarrhea and malnutrition 
Hypochromic anemia, which changed to a hyperchromic form during treatment, a 
low blood calcium and a typical flat blood sugar curve were found The “moulage 
sign” was present for at least three years before specific treatment was started, 
but it practically disappeared after a month of management for sprue Roent- 
genologic study of the gallbladder showed faint filling with dye Since the time of 
the original report the patient has survived an attack of pneumonia, and m April 
1939 she completed a normal pregnancy and labor 

Case 6 — A single man 21 years old had steatorrhea with only mild diarrhea 
The disease had been characterized by foul stools, occasional cramps and fever, 
intercurrent jaundice, considerable malnutrition, progressive secondary anemia, 
abdominal distention, sore tongue, pains in the legs, moderate osteoporosis and 
pigmented cutaneous lesions 

Roentgenologic examination showed a dilated colon and almost complete lack 
of filling of the gallbladder The roentgen appearance of the small intestine was 
striking The first two or three loops of the jejunum were normal, but the suc- 
ceeding convolutions showed not only complete absence of valvulae but a remark- 
able segmentation, in which enormously dilated smooth segments were separated 
by spastic areas which caused temporary arrest m the passage of the barium 
sulfate 

Since the original report the patient has improved clinically to such an 
extent that he considers himself well When last seen he weighed 155 pounds 
(70 Kg) (a gam of about 27 pounds [12 Kg] in all) Despite this clinical 
progress the appearance of the jejunum remained unchanged for three months 
after the original examination, it was not until March 13, 1939 (that is, nine 
months after the original observation) that a roentgen examination showed some- 
what less dilatation and spasm of the upper jejunal loops The progress of the 
barium through the small intestine was definitely more regular and more rapid 
The stomach took four hours to empty instead of the three hours required on 

7 Holst, J E Em in Danemark aufgetretener Fall von Sprue, Acta med 
Scandinav 66 74-99, 1927 

8 Snell, A M Tropical and Nontropical Sprue (Chronic Idiopathic Steator- 
rhea) Their Probable Interrelationship, Ann Int Med 12 1632-1671, 1939 
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pievious occasions In other words, there seemed to be a very gradual improve- 
ment in the pattern and function of the small intestine This improvement, how- 
ever, will need to be confirmed by further observation 

The examination of the gallbladder was repeated after eight and one-half 
months, and again there was almost complete lack of filling The patient is now 
receiving bile salts 

NEW CASES 

Case 7 — A boy 9 years old was observed in the medical service at the Monte- 
fiore Hospital from Sept 22, 1938 to Jan 5, 1939 

History — At two and one-half years of age the patient began to have two to 
three large stools daily Two years later (1933) fever, abdominal distention, 
diarrhea and anemia were present A clinical diagnosis of celiac disease was made 
about this time by Dr Sidney V Haas, 9 and enlargement of the liver and spleen 
were noted The patient failed to cooperate in attempts to establish a dietary 
regimen proper for a person with celiac disease In July 1937 the boy was 
admitted to the Lebanon Hospital because of vomiting and abdominal pam There 
roentgenologic examination showed marked dilatation and spasm of the duodenum 
and jejunum, with absence of valvulae and delayed gastric emptying These find- 
ings were interpreted as representing a partial obstruction due to congenital bands 
or inflammatory adhesions, but at exploratory laparotomy, on April 14, 1938, nothing 
was found but dilated loops separated by areas of intense spasm The findings were 
subsequently interpreted as those of “intestinal tetany ” Following the operation 
there were hematemesis and melena, a marked anemia developed, for which the 
patient received fifteen blood transfusions (300 cc each) within a few months, 
without much improvement At this time the boy began to present a serious 
behavior problem He was noncooperative and complained of pain, for which no 
basis was evident and which was relieved by various procedures, including the 
injection of sterile water On retrospect, however, it seems likely that the boy 
was actually suffering from intestinal spasm of greater or less severity and dura- 
tion At any rate, the pam never followed any special time pattern There was 
no dysphagia Unfortunately, it was never possible to impose any strict dietary 
regimen at any time, either in the hospital or at home 

In August 1938 the patient was admitted to Lincoln Hospital, where he was 
found to have dilatation of the esophagus as well as delayed gastric emptying 

On Sept 22, 1938 the boy was admitted to Montefiore Hospital with the 
same complaints as m 1933 — namely, fever, distention, diarrhea and anemia — plus 
hematemesis and melena 

Physical Examination — There was much emaciation, the weight on admission 
being 17 7 Kg (39 pounds) The height was 118 cm (3 feet 10 inches) The 
abdomen was greatly distended (fig 1) The liver and spleen were palpable 
There was universal adenopathy, particularly marked in the groins, axillas and 
neck The abdominal distention was attributed by some persons to ascites, but 
the fluid was probably all mtraintestmal 

Laboratory Data — On admission to the hospital the hemoglobin was 69 per 
cent There were 4,710,000 red cells and 10,360 white cells, the differential 
count was normal The erythrocyte sedimentation time was 10 mm m one hour 
The value for blood sugar was 99 mg per hundred cubic centimeters , for urea 

9 Haas, S V Celiac Disease Its Specific Tieatment and Cure Without 
Nutritional Relapse, J A M A 99 448 (Aug 6) 1932 
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nitrogen, 15 1 mg , for cholesteiol, 167 mg, and for cholesterol esters, 111 mg (all 
these values are normal) A dextiose tolerance test was not made, noi were 
the gastric contents analyzed after a test meal 

An estimation of the fat in the stools during the diarrhea phase showed that 
24 per cent of the total fat intake was being excreted This is almost five times 
the normal loss of fat, which is usually given as 5 per cent of the amount ingested 
A determination of the partition of fat in the stool could not be carried out 

Roentgen Findings — Dr J Bower studied the bones (March 18, 1938) and 
found that the epiphyses corresponded to those of a child between 5 and 6 years 
of age 

On roentgen examination of the gastrointestinal tract (Oct 31, 1938) I found 
that the esophagus was dilated and showed a fluid level All films showed gas 
pockets and dilatation of the distal portion of the colon 

The stomach at first emptied rapidly into the duodenum, which was dilated 
and completely devoid of valvulae For about a half-hour there was an occlusive 
spasm just proximal to the duodenojejunal angle The barium sulfate meal then 
entered the greatly dilated jejunal loops, which were entirely smooth and had a 



Fig 1 (case 7) — Photograph of patient, showing extreme emaciation, enlarged 
abdomen and laparotomy scar 

marked “moulage” appearance (figs 2 and 3) The proximal loops — that is, those 
in the left upper quadrant — retained the barium for about one and one-half hours 
During this time the patient experienced pain, which persisted for one and one- 
half hours despite the administration of 15 minims (0 92 cc ) of tincture of 
belladonna and one-fifth gram (12 mg ) of codeine 

Two hours after the ingestion of barium the head of the column had reached 
the lower jejunal loops — that is, those in the left iliac fossa At two and one- 
half hours the small intestine was filled to the right of the midline, this observation 
suggested that the ileum was now receiving the barium At five hours the 
barium had left the jejunum, despite the fact that there was still a gastric residue 
At the twenty-nine hour observation a small gastric residue persisted, despite the 
occurrence of vomiting in the interval 
The gallbladder was not studied 

Summary of Roentgen Findings — The outstanding observations were as follows 
dilatation of the esophagus, dilatation and segmentation of the duodenum and 
jejunum, absence of valvulae in the duodenum and jejunum (“moulage sign”), 
delayed gastric emptying, very irregular passage of barium through the small 
intestine, due to spasm 

Couise — For a while diarrhea and distention persisted, but soon these dis- 
appeared simultaneously and did not return The diarrhea consisted of three to 






Fig 2 (case 7) — Roentgenogram taken thirty-five minutes after ingestion of a 
barium sulfate meal, showing dilatation of the duodenum and occlusive spasm of 
the proximal portion of the jejunum with the “moulage sign” (loss of valvulae 
conmventes) Note that the meal has not progressed beyond the first loop of the 
jejunum 



Fig 3 (case 7) — Roentgenogram taken forty-five minutes after ingestion of a 
barium sulfate meal (ten minutes after figure 2), showing sudden release of the 
spasm with resultant filling of the next few jejunal loops Note the typical 
"moulage sign” and the dilatation and spasm 
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four copious watery stools per day, later there was one mushy stool daily The 
pain became localized in the left upper quadrant of the abdomen It was still 
irregular in onset, and it was difficult to understand what controlled it However, 
belladonna seemed to give more relief than other forms of medication 

An attempt was made to place the child on a diet appropriate for a person 
with sprue, and calcium, nicotinic acid, liver extract (parenterally) and vitamins 
were administered For a time the patient gained weight (3 Kg in all), but he 
always remained a most serious behavior problem Much ground was lost owing 
to several recurrences of hematemesis and melena The hemoglobin dropped as 
low as 20 per cent Feeding was particularly difficult and ultimately required 
the use of an mtragastnc tube and the employment of special nurses Regurgita- 
tion of food was frequent, and the weight ultimately dropped to 14 9 Kg (33 
pounds) Despite all efforts the condition became worse, and the lad succumbed 
to inanition and exhaustion on Jan 5, 1939 

Atitopsy — The autopsy was conducted by the department of pathology of 
Montefiore Hospital 

The liver weighed 850 Gm and measured 21 by 15 by 5 cm Its capsule was 
smooth and glistening, and its color was purplish blue On section, the surface 
was deep red, in some areas, particularly in the subcapsular region, the color 
was almost cyanotic There was some distortion of the lobular structure, and there 
were numerous yellowish specks (1 to 2 mm in diameter) throughout the 
parenchyma Microscopically, the liver showed marked central congestion There 
were numerous foci of fatty infiltration The central veins were dilated and 
engorged Several portal areas showed small collections of lymphocytes and 
polymorphonuclear cells 

The gallbladder was small and of normal shape, it contained about 30 cc of 
golden brown bile The bile ducts were patent and not dilated There were 
no stones 

The pancreas weighed 38 Gm On section, a normal lobular structure, with a 
fair amount of congestion, was noted The pancreatic ducts were not dilated 
Microscopic examination showed that the islets were small but not decreased in 
number The acini were normal , the blood vessels were congested 

The spleen was grossly enlarged, it weighed 190 Gm (its normal weight in 
adults is 100 to 120 Gm ), and it measured 14 by 8 5 by 3 cm The capsule was 
glistening, and normal wrinkling was absent On section, the surface was deep 
red and was fairly firm There was an increase in fibrous stroma The pulp 
did not scrape easily, and the follicles were indistinct Microscopic examination 
disclosed that the lymph follicles were small and discrete, many contained fairly 
large cells with abundant clear-staining cytoplasm and large round clear nuclei 
with prominent nuclear membranes (histiocytes) The small vessels were thin 
walled The pulp was congested, and there was diffuse hyaline fibrosis 

The adrenals were normal m shape but somewhat small (weight of both, 
8 Gm ) On multiple section, the cortex appeared to be thin The medullary 
portion was normal Microscopic examination showed marked congestion The 
zona glomerulosa and the zona fasciculata were very rich in lipoids The inner 
cortical zone was rich in deep brown pigment The penadrenal adventitia was 
congested and contained fat droplets with a pale blue mucoid matrix (hibernating) 
The thymus was not present 

The first half of the esophagus was normal, but the distal half was dilated 
to twice the normal diameter and at the cardiac portion its lumen was constricted 
to a very small opening by a thick fibious band which was continuous with 
the margin of the esophageal hiatus of the diaphragm Immediately above this 
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constriction there was an ulceration in the mucosa, approximately 0 5 cm in 
diameter The floor of the ulcer was smooth and thickened, and the ulcer appeared 
to be healed The regional lymph nodes were especially prominent Micro- 
scopically, all layers and secretory glands were normal, there was perhaps some 
thickening of the skeletal muscle fibers 

The stomach was somewhat dilated The mucosa was glistening and gray- 
brown The rugae were prominent Some pinpoint agonal hemorrhages were 
noted There was an indentation at the midportion of the greater curvature of 
the stomach, and the omentum was drawn up at this point Microscopic examina- 
tion revealed hyperplasia of the mucous cells, numerous parietal cells and focal 
collections of lymphocytes, with a few plasma cells and eosinophils scattered 
through the tunica propria and the epithelial layer There was congestion in the 
latter areas 

Examination of the small intestine showed the duodenum to be bile stained 
The third portion of the duodenum and the first 2 feet (60 cm ) of the jejunum 



Fig 4 (case 7) — Loop of jejunum showing dilatation with complete loss of 
valvulae on the left except for a tuft of large coarse folds at the left center 
(arrow) On the right the valvulae are almost normal 

were dilated to about twice the normal diameter The mucosa was pink-gray, 
but extensive areas in this portion showed complete absence of the valvulae 
conniventes (fig 4) The thinned areas of the jejunum were definitely pouched, 
and between such areas the mucosa was hypertrophic and thickened and the 
valvulae conniventes were accentuated There were in this region, however, several 
small areas having valvulae of a peculiar circmate and serpiginous character 
The distal portion of the jejunum had a normal structure, and this region and the 
ileum were not dilated There was some enlargement of the mesenteric lymph nodes, 
especially marked in that portion of the mesentery containing the upper part of the 
jejunum Microscopically, the mucosa of the duodenum appeared congested There 
were some plasma cells and eosinophils in the tunica propria Some desquamation 
of the epithelium was noted There was no submucosal fat The mucosa of the 
jejunum was congested and atrophied, with lymphocytic infiltration and connective 
tissue proliferation present, and it was covered by debris consisting of clumps 
of mucous cells and many plasma cells There was congestion of the submucosa 
The muscular layers were normal 
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In several portions of the colon there was thinning of the wall, with pouching 
and with absence of normal haustrations The appendix was normal 

Summary of Autopsy Observations — The pancreas was normal, the spleen was 
enlarged and the adrenal cortex was narrowed The lower part of the esophagus 
was dilated, there was a healed ulcer at the cardiac portion The small intestine 
showed remarkable changes The third portion of the duodenum and the first 
2 feet of the jejunum were dilated to twice the normal diameter, and there were 
extensive areas in this region which showed complete absence of the valvulae 
conniventes Microscopic examination of the denuded areas showed mucosal atrophy, 
with lymphocytic infiltration and connective tissue proliferation Between the 
denuded spaces many of the valvulae were hypertrophied and misshapen The 
regional lymph nodes were markedly hypertrophied 

Synopsis of Case — A diagnosis of idiopathic steatorrhea was made in the case 
of a boy of 9 years who had been under observation by several physicians and 
in several hospitals since the age of 2y 2 years Five years previously a clinical 
diagnosis of celiac disease had been made An exploratory laparotomy had 
revealed “tetany” of the small intestine The presenting symptoms were recurrent 
fatty diarrhea, fever, abdominal distention, recurrent gastrointestinal bleeding, 
hepatosplenomegaly and anemia Roentgen examination showed typical “moulage” 
appearance of the duodenum and jejunum and marked dilatation alternating with 
spasm There was progressive emaciation, and death from exhaustion Autopsy 
showed a healed ulcer of the esophagus, an enlarged spleen, hypertrophied lymph 
nodes, a normal pancreas and narrowing of the adrenal cortex The entire upper 
part of the small intestine was greatly dilated and was ballooned out in places 
In the duodenum and jejunum complete atrophy of valvulae was demonstrated m 
the areas involved by the “moulage sign ” This is believed to be the second 
recorded report of a case in which the roentgen appearance of the small intestine 
during life was confirmed by postmortem examination, and the first report in 
which the roentgen and postmortem protocols have been given in detail 

Case 8 — The patient, a single woman aged 47, was first seen Dec 7, 1938, at 
which time she complained of diarrhea and a burning sensation in the abdomen 

History — For years there had been attacks of abdominal distress, characterized 
by gas, a sensation of burning and, occasionally, nausea, which were attributed 
to “nerves ” Twelve years previously a fibroid uterus and the appendix had been 
removed For ten years there had been intermittent cramps in the legs, worse 
in winter Four years previously she had fractured an arm by a fall During 
the two weeks before admission there had been four to five frothy stools per 
day, and the tongue had been sore 

Physical Examination — The patient was 4 feet 10)4 inches (149 cm ) in height 
and weighed 87 pounds (39 5 Kg ) Since the ideal weight for that height is 124 
pounds (56 2 Kg), her weight deficit was 37 pounds (16 8 Kg) The tongue 
was smooth at the edges but showed no ulcers The abdomen was distended and 
tympanitic There was a bilateral carpal spasm on constriction of the upper arm 
(Trousseau sign) but no increased irritability of the facial nerve (Chvostek 
phenomenon) 

Laboratory Data — The feces were collected for three days while the patient 
was on a standard Schmidt diet, which included milk and contained 142 Gm of fat 
per day The total fat m the stools for the three day period was 127 7 Gm , a 
loss of 30 per cent of the fat ingested as against a normal loss of about 5 per cent 
The fatty acids constituted 72 per cent of the total fat, this indicated that the 
action of the pancreatic ferments was normal 
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Except for increased indican m the urine, the other laboratory data were 
normal The blood was'studied by Dr N Rosenthal The values for hemoglobin 
and red cells jyer€mgh normal figures, presumably because of the increased 
hemoconcentration The seium calcium was 9 2 mg and the phosphorus 31 mg 

per hundred cubic centimeters The sugar tolerance test was as follows (values 

in milligrams per hundred cubic centimeters) 

Fasting specimen 97 4 

One-half hour after 50 mg dextrose (first dose) 136 0 

One-half hour after 50 mg dextrose (second dose) 130 5 

The test meal showed a free acidity of 27 and a total acidity of 54 (normal figures) 

Roentgen Findings— On Dec 8, 1938 the stomach was normal in size, 
shape, position, filling, tonus and peristalsis and was empty at five hours The 
duodenal cap was complete The remainder of the duodenum was greatly dilated 
and showed complete loss of valvulae (“moulage sign”) The jejunum was moder- 
ately dilated and showed coarseness or enlargement, rather than iromng-out, of 
the valvulae The ileum seemed normal and was empty at nine hours The 
filling of the colon was slightly accelerated, but its emptying was delayed, ninety- 
six hours and 4 stools were required to clear the barium The opaque enema 
showed that it took 38 ounces (1,124 cc ) of liquid (noimal amount) to fill to the 
cecum The splenic flexure was redundant and diaphragmatic in position but 
movable The cecocolon was dilated, but the colon as a whole did not show 
the tremendous dilatation which is a characteristic in cases of marked carbohydrate 
intolerance The gallbladder did not fill with dye after it was administered by 
mouth, despite the absence of diarrhea at the time, but leexamination after one 
month of treatment with bile salts showed distinct filling, only slightly fainter 
than normal 

When the barium sulfate meal was repeated, on Dec 22, 1938, the duodenum 
and jejunum appeared more normal than at the first examination 

The patient’s hand and forearm were compared with those of her sister, two 
years younger, and they showed a slightly diminished density of the radius and 
phalanges 

Summary of Roentgen Findings — In this patient the “moulage sign” was 
limited to the duodenum, the changes in the jejunum being minimal Yet these 
findings seemed sufficient to suggest the diagnosis of idiopathic steatorrhea, which 
was confirmed by the examination of the stools The only other important roentgen 
observation was the nonvisualization of the gallbladder, with subsequent visualiza- 
tion after treatment with bile salts 

Couise — The diet was arranged m accordance with the feeding plan used for 
patients with sprue, except that, m view of the normal blood sugar curve, carbo- 
hydrates were fed with relative freedom The diarrhea recurred during the three 
days of milk drinking imposed by the Schmidt test Otherwise, the bowels moved 
once and twice a day and the stools were normally formed Heartburn was soon 
controlled, but the flatulence responded slowly to treatment The odor of the 
flatus was foul The cramps in the legs were relieved by administration of calcium 
On February 15 the diet included protein, 113 Gm , fat, 48 Gm, and carbohydrate, 
422 Gm , the total number of calories was 2,487 The patient was taking six 
to eight bananas daily The weight had reached 99 pounds (44 9 Kg ) on May 3, 
1939, a gross gam of 12 pounds (5 4 Kg) in almost five months The appetite 
and strength were much improved The treatment consisted of restricted diet and 
medication with bile salts 
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Synopsis of Case Histoi y — The patient was a shoit woman of 47, whose weight 
was 30 per cent below normal There was a positive Trousseau phenomenon 
The roentgen study revealed that the "moulage sign” was limited to the duodenum 
and that the jejunum was involved slightly if at all After the ingestion of dye 
the gallbladder did not visualize on the first examination , but reexamination after 
one month of treatment with bile salts showed a fairly dense concentration of dye 

COMMENT 

Correlation of Roentgen and Postmortem Examinations — The 
present study shows that the changes seen roentgenographically m the 
small intestine m advanced idiopathic steatorrhea are based on loss or 
destruction of the valvulae conniventes and dilatation and thinning of 
the intestinal wall This has been proved objectively by autopsy m a 
case in which roentgen examination during life showed the “moulage 
sign,” together with segmentation and dilatation of the duodenum and 
jejunum The results of autopsies recorded in the literature for similar 
cases have been extremely variable (Thaysen, 10 Fairley 11 ) Loss of 
valvulae and thinning of the colonic wall have been found by some 
investigators but not by others In only one previous instance, appar- 
ently, have roentgen studies been correlated with postmortem studies 
This was a case, reported by Mendez Ferreira and Bargen, 12 in which 
the roentgen examination showed loss of valvulae and clumping of the 
barium in elongated masses, more marked in the ileum than in the 
jejunum The results of postmortem examination were not given in 
detail, but there were atrophy of the mucosa and edema of the sub- 
mucosa The latter was particularly maiked m the ileum, where, in 
addition, the Peyer patches showed atrophy 

That m advanced stages the intestinal tract may be damaged to a 
point where irreversible changes have occuried seems to be clear from 
the observations made in case 7 A similar opinion has been voiced 
by Snell 8 

Just what anatomic changes accompany less severe forms of the 
disease is still undetermined Mackie, Miller and Rhoads 3 studied sec- 
tions of the small intestine in cases of ulcerative colitis associated with 
deficiency disease They stated the belief that m their cases intestinal 
abnormalities similar to those of sprue had been shown by roentgen 
examination, and m their histologic preparations they noted edema of 
the mucosa and submucosa and slight infiltration of mononuclear wan- 

10 Thaysen, TEH Non-Tropical Spiue, Copenhagen, Levin & Munks- 
gaard, 1932 

11 Fairley, N H Sprue Its Applied Pathology, Biochemistry and Treat- 
ment, Tr Roy Soc Trop Med & Hyg 24 131-179, 1930 

12 Mendez Ferreira, A E , and Bargen, J A So-Called Nontropical Sprue 
Associated with Tuberculosis of the Lymph Nodes, Proc Staff Meet , Mayo Clin 
12 289-294, 1937 



KANTOR— IDIOPATHIC STEATORRHEA 


999 


deiing cells and lymphocytes In this connection the reversibility of 
the mucosal alteiations is again of practical interest In less advanced 
disease, such as was piesent m cases 4, 5 and 8 of the present series, 
it has been shown that with proper treatment the “moulage sign” may 
disappear, or at least 1 egress This phenomenon, which suggests that 
the valvulae conmventes aie lestoied to normal, has also been observed 
by Snell and Camp 2 and by Mackie, Miller and Rhoads 

The next question that arises is what happens m cases in which the 
degree of severity of the disease is intermediate These are charac- 
terized by the presence of dilatation, as shown by roentgen examina- 
tion, m spite of which recovery takes place Case 6 is such an instance 
Here the dilatation was marked, but, unlike the patient m case 7, who 
died, the patient improved steadily , and there is at present some evidence 
that the bowel is slightly less abnormal than it was at first Only time 
can tell how far the impi ovement, as seen roentgenographically, will go 

To summanze the factors in legal d to prognosis, it may be stated 
that m the mild form of the disease, in which the “moulage sign” is the 
only positive roentgen sign, the progiess of the disease is reversible, 
but that in advanced disease, m which dilatation and atrophy of the 
/ wall of the bowel have supervened, a restitutio ad mtegram, though 
perhaps still possible, is not very likely 

That the duodenum may be the only site of the “moulage sign” is 
demonstrated by the observations in case 8 of the present series Up 
to that time the jejunum had been the chief site of involvement noted m 
my cases 

Practical Value of Moulage Sign” Confirmed — My experience so 
far has confirmed the clinical impression that m so-called idiopathic 
steatorrhea the significant, if not the only, abnormality, is disturbance m 
absorption by the small intestine In the only case m this series m 
which autopsy was done the panel eas was anatomically normal This 
supports the view that idiopathic steatorihea, which includes celiac 
disease, is to be sharply distinguished from the congenital steatorrhea, due 
to cystic fibrosis of the pancreas, recently described by Andersen 13 in 
this country and by Harper 14 in Australia I believe that the roentgen 
signs are of practical value, even though my original statement may have 
to be modified by further experience, particularly in view of the fact 
that cases of known pancreatic disease have not yet been available to me 
for comparative study 15 

13 Andersen, D H Cystic Fibrosis of the Pancreas and Its Relation to 
Celiac Disease A Clinical and Pathologic Study, Am J Dis Child 56:344-399 
(Aug) 1938 

14 Harper, M H Congenital Steatorrhea Due to Pancreatic Defect, Arch 
Dis Childhood 13.45-56, 1938 

15 Snell has just reported that he observed similar roentgen phenomena in 3 
cases of pancreatogenous diarrhea , but this disease seems to be much less common 
than idiopathic steatorrhea 
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Role of Biliary Tract m Idiopathic S teat oi rhea — The failure of 
the gallbladder to fill with dye in idiopathic steatorrhea has been f ui ther 
confirmed Case 8 is the fourth consecutive case in which the gall- 
bladder either failed to visualize or did so very faintly Unfortunately, 
in no case was it practical to make a control examination after the 
intravenous injection of the dye This procedure would help to prove 
whether the nonfilling is due to failure of the intestines to absorb the 
dye or to some associated disease of the biliai 3 tract The latter possi- 
bility has been suggested by Pillai and Murthi 16 and, more recently, by 
Hopman 17 Radi and Fallon 18 also leport a case of nontropical sprue 
in which the gallbladder was not visualized Improvement m function 
of the gallbladder, as determined roentgenologically, followed the oral 
administration of bile salts m the 2 cases 111 which follow-up studies 
were available The observation 111 case 4 that pam was best relieved 
by acetylsahcylic acid, a known cholagogue, may also be considered as 
suggestive evidence that an abnormal biliary status may be associated 
in some way with idiopathic steatoirhea Clinically, the use of bile 
salts seems justifiable in the treatment of idiopathic steatoirhea 

Role of Adi enal Coitei m Idiopathic Steatoi ihea — The thinning of 
the adrenal cortex m case 7, in the presence of lymphatic hypertrophy 
and splenomegaly, seems to support the theory that insufficiency of 
the adrenal cortex may play a role in the etiolog) of idiopathic steator- 
rhea In his recent monograph, Verzai ia has advanced the theory 
that the capacity of the intestine to absorb fats and carbohydrates is 
closely associated with the activity of the adrenal cortex Decreased 
activity of the adrenal cortex is apparently responsible for lack of 
absorption, and, experimentally, replacement therapy aids absorption 
Dr David Perla, of the department of pathology of Montefiore 
Hospital, was asked to discuss the significance of the autopsy obseiva- 
tions in case 7 from this point of view, he replied as follows 

The thinning of the cortex of the adrenal, in spite of the deposition of lipoid, 
may mean a decreased activity of the cortex The presence of lipoid does not 
necessarily reflect the state of activity of the gland It is not possible to state 
definitely from the histologic observation whether the adrenal cortex is in an 
exhausted state, since m all cachectic states lipoids are apt to increase m the 
adrenal cortex Such increases do not, however, indicate an increase in cortical 
hormone but rather point to some type of storage of cholesterol 

16 Pillai, M J S , and Murthi, K N Further Observations on the Radio- 
logical and General Findings in Sprue, Calcutta M J 30 225-230, 1935 

17 Hopman, B C Etiology of Tropical Sprue and Related Disease, Geneesk 
tijdschr v Nederl -Indie 78 904, 1938, abstracted, JAMA 111 214 (July 9) 
1938 

18 Radi, R B , and Fallon, M Nontropical Sprue with Duodenal Involve- 
ment and Tetany, Arch Int Med 50 595-604 (Oct ) 1932 

19 Verzar, F Absorption from the Intestine, New York, Longmans, Green 
& Co , 1936 
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However, the presence of marked lymphoid hyperplasia and of splenomegaly 
with enlargement of the lymphoid follicles of the spleen is strongly suggestive of 
diminished activity of the adrenal cortex Experimentally, removal of the adrenal 
glands is followed by pronounced hyperplasia of the lymphoid tissue and a regenera- 
tion of the thymus as well as by enlargement of the spleen In the presence of 
an exhausting disease, especially of idiopathic steatorrhea, in which there is an 
additional factor of dehydration due to diarrhea, one would expect marked exhaus- 
tion of lymphoid tissue and atrophy of the thymus and of the spleen The presence 
of the reverse, therefore, is strongly suggestive of a factor of adrenal cortical 
insufficiency m the pathogenesis of idiopathic steatorrhea 

In short, the observations at autopsy m this case lend some support 
to the theory that insufficiency of the adrenal cortex may m some way 
be associated with idiopathic steatorrhea resulting from failure of intes- 
tinal absorption 

Occurrence of Pam and Hemorrhage m Idiopathic Steatorrhea — 
Pam and hemorrhage aie not usually described m idiopathic steatorrhea, 
but m 2 of the cases so far observed they were prominent complications 
The pam has been ascribed to intestinal spasm, although atypical left- 
sided biliary (gallbladder) colic may also possibly play a role m this 
connection The nature of the bleeding is not clear Holst 7 reports 
a case of this sort and so does Snell 8 Coincidental “peptic” ulceration 
cannot be excluded (case 7) Another possible cause is some failure of 
coagulation of the blood (case 4) possibly due to lack of absorption of 
calcium or essential vitamins (vitamin K) or to insufficiency in biliary 
secretion In fact, Snell has just reported that m 1 of his cases the 
prothrombin content of the plasma was reduced by more than 50 per 
cent 

SUMMARY 

The 6 cases originally reported as instances of idiopathic steatorihea 
have been summarized and brought down to date 

Reports of 2 new cases aie presented One of these is believed to be 
the first m which a detailed description is given of postmortem exam- 
ination which confirmed the characteristic roentgen findings in idiopathic 
steatorrhea In this case roentgen examination showed a marked 
“moulage sign” plus dilatation and segmentation of both the duodenum 
and the jejunum, postmortem examination showed that these were the 
sites of complete loss of the valvulae conniventes The second case 
suggested that the “moulage sign” may be limited to the duodenum, 
with little if any involvement of the jejunum 

Evidence is gradually accumulating concerning the reversibility of 
the intestinal changes m idiopathic steatorrhea In the mild form of 
the disease, m which only the “moulage sign” is present, the changes 
seem to be reversible In far advanced stages with superadded seg- 
mentation and dilatation, a complete restitutio ad mtegram seems 
unlikely 
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Further experience with the roentgen study of the small intestine 
shows that this method is of value m the demonstration of steatorrhea 
Whether the characteristic intestinal changes are specific for idiopathic 
steatorrhea, as was originally believed, or whether they are also present 
in other forms of steatorrhea remains to be determined 

There is increasing evidence that the bihaiy tract may play an 
etiologic role m idiopathic steatorrhea Failure of the gallbladder to 
fill with dye in the normal way continued to occur m those cases m 
which the gallbladder was studied roentgenologically 20 Whether this 
phenomenon is due to impaired intestinal absorption or to some other 
cause is still undetermined The administration of bile salts seems to 
improve the function of the gallbladder Since bile salts are believed 
to aid in the absorption of fat, their use is tentatively recommended in 
the clinical management of idiopathic steatorrhea 

Bleeding and pam may occur in cases of idiopathic steatorrhea 

20 More recent experience has shown that the gallbladder may visualize quite 
normally in some cases of idiopathic steatorrhea 



GENERALIZED SARCOIDOSIS OF BOECIC 

A CLINICAL REVIEW OF ELEVEN CASES, WITH STUDIES OF THE 
BLOOD AND THE ETIOLOGIC FACTORS 

GEORGE T HARRELL, MD 

DURHAM, N C 

The opportunity of following 11 instances of geneialized Boeck’s 
saicoid over a period of seveial years has presented unusual chances 
to study the progress of the disease from the clinical, metabolic and 
etiologic viewpoints The clinical aspects of the disease have been dis- 
cussed by numerous authors, 1 and Hunter 2 has presented a full historical 
review A gieat variety of syndromes which lesemble saicoid probably 
can be grouped together 3 

Little has been written on the metabolic changes associated with the 
disease The relation of calcium metabolism to the cystlilce osseous lesions 
and of protein metabolism to the activity of the disease and to lesions m 
the liver have been discussed 4 

Etiologic studies m the past have been directed chiefly towaid the 
demonstration of tubercle bacilli in the lesions The use of various 
animals, usually guinea pigs and to a less extent rabbits and pigeons, 
has given disappointing results Smaller animals, such as mice and 
rats, rarely have been used, in spite of the fact that lats leact with a 
sarcoid-like lesion to tubercle bacilli and do not become allergic to tuber- 
culin 5 Cultural studies have resulted in the inconstant observation of a 

From the Department of Medicine, Duke University School of Medicine and 
Duke Hospital 

1 (a) Longcope, W T, and Pierson, J W Boeck’s Sarcoid (Sarcoidosis), 
Bull Johns Hopkins Hosp 60 223, 1937 ( b ) Schaumann, J Lymphogranu- 
lomatosis Benigna in the Light of Prolonged Clinical Observations and Autopsy 
Findings, Brit J Dei mat 48 ‘399, 1936 

2 Hunter, F T Hutchinson-Boeck’s Disease (Generalized “Sarcoidosis”) 
Historical Note and Report of a Case with Apparent Cure, New England T Med 
214 346, 1936 

3 Pinner, M Non-Caseatmg Tuberculosis An Analysis of the Literature, 
Am Rev Tuberc 37 690, 1938 

4 Harrell, G T, and Fishei, S Blood Chemical Changes m Boeck’s Sarcoid 
with Particular Reference to Protein, Calcium and Phosphatase Values, J Clin 
Investigation 18 687, 1939 

5 Jadassohn, W L’ougine tuberculeuse de la maladie de Boeck, Bull Soc 
frang de dermat et syph 41 1344, 1934 
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vai lety of organisms lb Longcope and Pierson ln have attempted to 
grow fungi from the lesions on Sabouraud’s medium but have had no 
success Serologic studies with the organisms recovered from lesions 
and with stock strains of tubercle bacilli have been made by Schau- 
mann lb Little attempt to apply similar methods to fungi has been made 


Table 1 — Distribution 




Case 1 


Case 2 


Case 3 


Case 4 



Age, 26 


Age, 23 


Age, 27 


Age, 22 



Negro 


Negro 


Negro 


Indian 



Male 


Female 


Female 


Male 

Date 

' S/1/34 

12/11/34 

10/14/38 ' 

6/9/36 

' 12/3/36 

10/28/37 

9/15/3S ’ 

' 3/16/37 

9/26/3S ’ 

Duration 

4 mo 

S mo 

4 yr 

12 mo 

7 jr 

8 yr 

9 yr 

12 mo 

2% yr 

Activity 

A 

A 

I 

A 

A 

A 

A 

A 

A 

Weight loss 

27 lbs 

30 lbs 

15 lbs 

15 lbs 

30 lbs 

23 lbs 


20 lbs 

23 lbs 

Temperature peak (Centigrade) 

37 2 

38 3 


37 

3S3 



37, G 

38 4 
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4- 

+ 

++ 
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+ 

++ 
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++ 

++ 

++ 
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4- 



4- 
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+ 

+++ 
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++ 

+ 
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+ 

+++ 



+++ 

++++ 

++++ 

++ 

+ T 

Mediastinal 

+ + 

++ 



+++ 

+++ 

+++ 

++ 

+ + + + 

Others 





++ 

++ 

++ 

+ 

+ + 

Other locations 










Lung 

+ + + 

+ + + + 

Clear 

J - + + 

-4“ 


-4- 

0 

0 

Rales 

+ 
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0 

0 


0 

4* 

0 

Bone 


0 

0 

-h 

+ 4* 

++ 

+++ 

0 

0 

Eye 

0 

0 

Scars 

0 

0 

± 

0 

++ 

Scars 

Tonsils 

+ 


+ 

+ 






Liver 

+ 

0 


0 

0 

4- 

0 

0 

0 

Spleen 

0 


0 

0 

0 


4- 

0 

0 

Miscellaneous 

Muscle, 

Parotid, 

Epididy 



Lacrimal 

Pan 




orbit 

pharynx 

mus 




thyroid 1 



Biopsy 
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+ 

+ 





Node 
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+ 

+ 


Other 

Muscle 

Parotid 
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Rest, cod liver oil 

Rest, cod 

Ultra 

Intra 


Cod Jiver 






liver oil, 

violet 

•venous 


oil, ultrn 






neoarsphen 

radio 

typhoid 


violet radi 






amine for 

tion 

vaccine 


atlon, neo- 






syphilis 



irspbenamine 

Result 

Worse 

Gaming 

Well for 

Slight im 


Improved, 

Nodes 


Nodes 



weight 

2 years 

provement 


best for 

growing 


growing, 





in 27 mo 


2 years 



eyes well 


previously m etiologic studies The use of cutaneous tests has been 
confined to reactions to tuberculin and the interesting unconfirmed 
reaction to excised tissue of human beings, reported by Williams and 
Nickerson , 6 and this work has been repeated on the patients reported 
here, extracts of lymph nodes being used instead of skm Allergic 

6 Williams, R H , and Nickerson, D A Skin Reactions in Sarcoid, Proc 
Soc Exper Biol & Med 33 403, 1935 
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studies have been done only m regard to the piotems of the tubercle 
bacilli 

The pathologic changes m suigical matenal have been descubed 
many times, and instances of sarcoid obseived at autopsy have been 
leported with complete studies by Schaumann lb and Nickerson 7 Excel- 


of the Lesions 


Case 6 

Case 6 


Case 7 


Case 8 

Case 9 


Case 10 

Case 11 

Age, 27 

Age, 21 


Age, 27 


Age, 36 

Age, 32 

Age, 30 

Age, 30 

Negro 

Negro 


Negro 


White 

Negro 


Negro 

Negro 

Male 


Male 


Female 


Male 

Female 

Male 
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f 

5/3/37 

4/27/39 ' 

6/16/37 

' 6/14/38 

10/18/3S 

5/18/39 ' 

S/16/3S 

11/7/38 
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2/24/39 

4/4/39 
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2 yr 
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7 mo 
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A 

A 

A 

A 

A 
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lent reproductions of 1 oentgenogi ams of the chest and of bones 8 aie 
available The hematologic picture and an mci ease m the sedimentation 

7 Nickerson, D A Boeck’s Sarcoid Report of Six Cases in Which 
Autopsies Were Made, Arch Path 24 19 (July) 1937 

8 Snapper, I , and Pompen, A W M Pseudo-Tubeiculosis in Man, Haarlem, 
de Erven F Bohn, 1938 
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rate have been recorded in some instances Electrocardiographic changes 
have been described 9 but are not specific 

These varied data aie recorded for different groups of patients All 
the changes rarely have been followed in a single group of patients 
suffering from Boeck’s sarcoid The present etiologic studies were 
undertaken to obtain additional data by using ( 1 ) species of animals not 
used by others m the attempt to isolate acid-fast organisms, (2) cutane- 
ous tests, cultures and seiologic tests foi fungi and other oigamsms, and 
(3) the cutaneous test of Williams and Niclcei son Metabolic studies 



Fig 1 (case 9) — Patient with nodules on the eyelids and destruction of the 
nares 

were duected toward (1) the relation of the cystlike osseous lesions to 
calcium, phosphorus and phosphatase activity and the occurrence of 
abnormal proteins in the urine, (2) the location of the lesion responsible 
for the hyperglobulinemia, and (3) the vanations m the concenti ation 
of constituents of the blood with changes m the activity of the lesions 

CLINICAL DATA 

The present series of patients with the generalized form of Boeck’s 
sarcoid, composed of 11 patients observed since 1934, is the largest yet 

9 Salvesen, H A The Sarcoid of Boeck A Disease of Importance to 
Internal Medicine, Acta med Scandmav 86 127, 1935 
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leported in the United States and is the first from the South The series 
repoited by Longcope and Pieison la is the only other group m which 
Negroes predominated, the disease has not been previously reported as 
occurring in the American Indian The occurrence primarily m young 
adults is in accord with the experience of others Two cases, m which 
the disease was of five and twenty-seven months’ duration, respectively, 



Fig 2 (case 9) — Generalized distribution of cutaneous lesions 

have been restudied twenty-one and twenty-nme months after clinical 
recovery The condition m the majority of the cases m the literature is 
of i datively long duiation, it is possible that cases m which the con- 
dition is of short duiation have been overlooked or wrongly diagnosed in 
the past 

The distribution of the lesions in the body is given in table 1 Lesions 
of the skm were the predominant ones m 4 cases and generally were m 
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the form of painless papules 1 to 5 mm m size, with no surrounding 
erythema, induration oi anesthesia, they occuned most frequently on 
the face, arms and legs The skin was diy, and the lesions tended to 
have small scales or crusts but did not itch oi become purulent The 
occurrence along the margin of the eyelids should be especially empha- 
sized, for this phenomenon is mfiequent in othei diseases involving the 
skm (fig 1) Destruction and distortion of the nares was prominent 
in 2 instances (fig 1) In 2 cases almost the entile body was involved, 
but the palms and soles were spared , the lesions were of varied shapes, 
ranging fiom annular to circmate (fig 2) Lesions vere occasionally 



Fig 3 (case 4) — Patient with enlargement of postauncular, posterior cervical 
and occipital lymph nodes 


noted in the scalp, on the mucous membianes and aiound the rectum 
or perineum 

Enlargement of the penpheial lymph nodes was the most prominent 
feature in 5 cases and occurred m all but 2 of the other cases The nodes 
ranging up to 4 by 6 cm m size weie firm, rubbeiy, discrete, movable 
and painless, though painful nodes were present in case 5 Usually all 
the nodes were enlarged, though some gioups weie more prominent 
than others , enlargement of the epitrochlear, submental, preauricular and 
postauncular nodes should be emphasized (fig 3) Enlargement of 
nodes along the borders of the muscles of the shoulder girdle or along 
the course of the major lymphatic vessels of the arm is rarely observed 
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m other conditions Schaumann has emphasized that even the small 
nodes will show lesions when excised, and I have obseived this geneially 
to be true 



Fig 4 — A (case 3), peribionchiat fibrosis and enlarged mediastinal lymph 
nodes, B (case 10), diffuse infiltration in the central part of the lungs, sparing 
the apexes 



Fig 5 — A (case 1), miliaiy infiltration, acute phase, B (case 11), generalized 
diffuse fibrosis, most marked m the central portion of the lung 

Distinction should probably be made between enlargement of the 
penpheral and that of the mediastinal nodes, for the latter often accom- 
pany lesions of the lungs and may occur with only moderate peripheral 
enlargement (fig 4 A) Lesions m the lung fields were of three types 
(1) peribronchial fibrosis and thickening, usually extending downward 
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symmetrically into the lower lobes (fig 4 A) , (2) soft infiltration m the 
midlung fields sparing the apexes (fig 4 B), and (3) areas resembling 
miliary tuberculosis, with a fine marbled or reticulated appearance (fig 
5 A) In case 1 extensive miliary areas radiating from the hill completely 
disappeared, and four years later only slight peribronchial thickening 
remained (fig 6) No essential change in the lungs has occurred m 3 
other patients who have had serial roentgenograms taken over periods 
greater than one year Rales were heaid m 4 instances, while friction 
rubs were audible once Pam in the chest, usually without physical signs, 
was a frequent symptom and occurred as a rule in the axilla or under the 
scapula 

Roentgen ray studies of the bones were made, as shown in table 2 
Trabeculation and cyst formation m the hands and feet (fig 7) and 


Table 2 — Roentgen Ray Studies 




Case 1 

A 


Case 2 


Case 3 


Date 

Bones 

8/1/34 

12/11/34 

10/14/3S' 

6/9/36 

' 12/3/38 

7/6/37 

10/13/37 

9/15/38 ' 

Hands 



0 

~4~ 

+ + + 

++ + 

+++ 

++ + 

Feet 


0 






+++ 

Long bones 

Skull 





0 

+ 

0 


Spine 

* 




0 


0 


Pelvis 





0 


0 


Bibs 

0 

0 

0 

0 

0 

0 

0 

0 

Chest 









Swollen nodes 

+ + 


0 


++ 

+++ 

+++ 


Peribronchial thickening 

Infiltration of the middle portion of the 



± 


+ 

+ 

+ 

+ 

lungs 

Miliary areas 

+++ 

+ + + + 

0 

J r J r~r 






cysts of the tibia, ulna and cuneiform bone were seen The cystlike lesions 
appeared to be sharply punched out, with little change in the density 
of the surrounding bone, pathologically these areas are composed of 
sarcoid tissue in bone Piogression was noted over a period of two 
years in the cysts of the toes m case 3 Except for areas suggesting 
rarefaction in the ribs and decalcification m the hands, each noted once, 
no change was found m the bones of any of the other patients Schau- 
mann has pointed out that the degree of bone marrow involvement 
cannot be judged by the roentgen ray obseivations, for foci of involve- 
ment can be found by pathologic examination of the tissue when none 
appear m the films 

Longitudinal ridging of the nails occuned in 1 case (fig 8) The 
lesion apparently is associated with changes m the bones and hence 
probably with actual invasion of the nail bed as well as interference with 
its blood supply The nails are often brittle, even though no ridging 
is apparent The tips of the fingers are often misshapen, and the skin 
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over the base of the nail, atrophic and shiny The same changes may 
occur in the toes 

Invasion of the eye, producing iridocyclitis and keratitis, occurred m 
case 4 Under the slit lamp the yellowish white megularly shaped 
opacities m the cornea resolved into numeious discrete “mutton fat” 
amoi plious deposits on Descemet’s membiane They cleared up over a 
period of eighteen months, though the lesions elsewhere m the body 
showed no regression Patient 1 showed no nodules in the eye when he 
was first seen, but scais were present four years later In case 10 theie 
had been an iridectomy six years previously, supposedly because of a 
syphilitic iritis which did not respond to antisyphilitic therapy , the con- 
dition may have been sarcoid at that time The invasion of the lids noted 
in 5 cases has been mentioned , the periorbital tissues at the canthus of 


of the Bones and the Chest 


Case 4 



Case 5 

Case 6 


Case 7 

A 


Case S 

Case 9 

Case 10 

Case 11 

3/16/37 

9/29/38 

'o/3/37 

4/27/39 

7/16/37 

'6/14/38 
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8/16/38 

' 11/7/38 

6/26/39 

2/27/39 

4/4/39 

0 

0 

0 

0 

0 

0 
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■± 

■+• 

C 

0 

0 

0 

0 

0 

0 

4- 

-U 
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0 

0 

0 

0 
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0 

0 

0 

0 

0 

0 

0 
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0 
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++ 

+ 

4* 

++ 
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++ 
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4* 

++ 
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++ 



4“ 




+++ 
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+ 4- 
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the eye 

were 

invaded 

once 

and the laciimal 

gland 

was enlarged m 

1 



instance 

The skeletal muscles were extensively invaded in case 1 (fig 9) A 
transient paralysis of the left internal rectus muscle was noted, probably 
due to invasion of this muscle, though invasion of nerve tissue cannot be 
excluded Nodules weie noted along the epididymis m 1 instance 

Occasional enlaigement of the liver and spleen without jaundice or 
ascites was noted Although Schaumann stated that abnoimahties of the 
tonsils occurred m a laige percentage of the cases, I noted only occasional 
enlaigement Involvement of the nasal septum was not found In 
addition to patient 1, m whom the parotid gland was invaded, a 27 year 
old Negress, not studied m sufficient detail to be included m this senes 
but with the diagnosis proved by biopsy, presented the typical picture 
of uveoparotid fever 9a 

9a This case was subsequently reported as case 6 of Thompson, W C 
Uveoparotitis, Arch Int Med 59 646 (April) 1937 
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Accentuation of the pulmonic second sound was noted m 2 cases m 
which the condition was of long duration, and there was splitting of the 
sound m others This observation was intei preted as evidence of devel- 
oping pulmonary hypertension because of the fibrosis in the lungs Early 
clubbing of the distal phalanges was noted in only 1 instance 

Among the symptoms noted were weakness and fatigability, anorexia, 
loss in weight, pains in the joints, muscular stiffness, cough and pam m 



Fig 8 (case 3) —Longitudinal ridging of the nail and bulbous swelling of the 
middle phalanx 

the chest Loss in weight, langmg up to 40 pounds (18 Kg ) m five 
months, occurred m all but 1 patient Cough and transient pains m the 
chest often weie present m the absence of demonstiable lesions m the 
lungs Pams m the joints were usually not accompanied by demonstia- 
ble lesions Fever was conspicuously absent, only rare observations 
above 38 C weie made Few patients had noted feter at home 
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PATHOLOGIC OBSERVATIONS 

The most striking pathologic observation was the complete absence 
of inflammation m the tissues surrounding the lesions In only 1 instance 
was the capsule of the lymph node found thickened or adherent to 
adjacent structures The biopsy incisions healed promptly m all cases 
but 1, and m that case healing followed the removal of a buried suture 



Fig 9 (case 1) — Section of acute lesion of the muscle showing giant cell with 
vacuoles, moderate lymphocytic infiltration of the tubercle and no surrounding 
or perivascular inflammation (X 110) 


No neciosis was noted m the gioss specimens The lesions often weie 
yellow befoie fixation 

Microscopically, the lesions weie composed of groups of epithelioid 
cells, usually arranged m round forms resembling tubercles In lymph 
nodes this reaction usually completely replaced the lymphoid tissue with- 
out involvement or thickening of the capsule Small areas of necrosis 
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were occasionally observed in the centers of the tubercle-like lesions 
Little fibrosis was found between the collections of tubercles, but m the 
lesions of long duiation the connective tissue present was often hyalinized 
(fig 10) Congo red stains for amyloid on such tissue occasionally 
gave positive results Rare giant cells, usually of foreign body type 
and containing up to twenty nuclei, w^ere seen , the} occurred more fre- 



Fig 10 (case 3) — Section of a chronic lesion of the axillary lymph node show- 
ing epithelioid cells and hyalimzation of connective tissue, with amyloid-like tissue 
at far right (X HO) 


quently m the presence of necrosis Small ljmphocytes tvere usuall} 
found scattered among the epithelioid cells No eosinophils or poly- 
morphonuclear leukocytes were observed, and no endarteritis or peri- 
vascular infiltration was noted In rare giant cells clear vacuoles were 
seen (fig 9), and m lesions of long duration fat cells were found around 
the periphery of the lymph nodes , stams for fat w ere not used, bower er 
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No fungi were noted with hematoxylin and eosin or bactenal stains 
Stains for acid-fast organisms were used on all sections and the results 
controlled in many cases by checking with slides known to show the 
bacilli MacCallum or Brown bacterial stains were used on many 
sections No organisms were found with any stain 

Instances which were not lecorded as cases of sarcoid in the clinical 
record library were rediscovered dui mg a review of several hundred 
microscopic sections from patients whose disease was diagnosed as 
tuberculosis The cases of sarcoid often were placed m this classifica- 
tion, even when the diagnosis was suspected clinically and confirmed 
by biopsy 


Table 3 — Microscopic 




Case 1 


Case 2 


Case 3 


Case 4 

Case 5 

Date 

' S/31/34 

12/22/34 

G/10/36 

22/S/3G 
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LABORATORY DATA 

The laboratory data aie presented in table 4 Four patients had a 
mild hypochromic anemia The white blood cell count was usually normal 
or only slightly elevated I was unable to confirm the impression of some 
observers that the stab foims are increased, although an increase was 
noted during intravenous therapy with typhoid vaccine in case 3 In all 
cases there were eosinophils at some time, and basophils m small num- 
bers were usually present By making repeated differential counts and 
by grouping the large lymphocytes and monocytes together, I could con- 
firm the “showers” of large mononuclear cells noted by others The rise 
usually appealed to be at the expense of the polymorphonuclear leuko- 
cytes The “showers” could not be correlated with changes m tempera- 
ture or clinical developments Abnormal cells were rarely seen 
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Of the cases m which the sedimentation rate of the red blood cells was 
determined, it was increased m those m which the condition was active, 
and m the 2 cases m which the condition had healed it returned 
to normal 

The changes in blood chemistry have been discussed m detail m 
another paper 4 The serum pi otems wei e above 8 Gm per hundi ed 
cubic centimeters in 8 instances, but the albumin-globulin ratio was 
reversed m all cases in which the condition was active In 2 cases m 
which the condition had healed the total proteins and the abumin- 
globulm ratio were normal, m 1 instance, however, determinations had 
not been made during the active stage Changes m the seium globulin 

Examination of the Lesions 
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Hodgkin’s 

Sarcoid 
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Sarcoid 

Tuber 

Sarcoid 

Sarcoid 

Sarcoid 




disease 


sarcoma 


culosis 




Tuber 



Tuber 

Sarcoid 

Sarcoid 

Sarcoid 

Sarcoid 

Reticulo 

Sarcoid 

Sarcoid 

culosis 



culosis 





endothelial 











hyperplasia 




may be of piognostic import The blood calcium level was mci eased 
beyond normal limits in 6 cases and was at the upper limit of noimal 
in 2 others The calcium tolerance test of London and Bernheim 10 gave 
peaked, flat and plateau curves The blood phosphorus was not 
increased, but the phosphatase was increased at some time m 7 cases 
m which it was determined and in which the condition was active The 
observations could not be cori elated with the site or extent of the lesions 
or with the duration of the disease A low or normal cholesterol level 
was observed m 7 cases m which the condition was active A higher 
value was obtained m a case m which the condition was active and of 
short duiation and subsequently healed and in a case m which the con- 

10 London, I M, and Bernheim, A R Calcium Tolerance Cur\es in Paget’s 
Disease of the Bone, J Lab & Clin Med 23 18. 1937 


Table 4 — Results of Laboiaiory Tests 
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dition had healed Definite retention of bilirubin in the bilirubin 
tolerance test of Soffer 11 was found in the 4 instances in which it was 
studied A substance resembling Bence Jones protein m its solubility 
at the boiling point was found in the urine m 2 cases, m both of which 
there were suggestive changes in the fingeis It was not present in the 
cases m which there were definite cysts The only other urinary 
abnormality noted was an occasional trace of albumin 


Table 5 — Sumnaiy 



Case 1 

A 

Case 2 

Case 3 

A 

Case 4 


Case 5 

A 

Date 

12/11/34 

10/14/3S 

G/9/30 

12/3/36 

9/15/38 

3/10/37 

5/3/37 

4/27/39 

Lymph node 









Culture 









Aerobic 

0 



0 

0 


0 


Anaerobic 




0 

0 


0 


Sabouraud 

0 



0 

0 


0 


Tubercle 

0 






0 


Other 





+ 




Inoculation 









Guinea pig 

0 



0 

0 


0 


Babbit 

0 




0 




Mouse 





0 




Bat 









Chicken 





0 




Cutaneous tests 









Positive tuberculin 




1 1000 2+ 


1 1000 1+ 



Negative tuberculin 

1 100 

1 1000 





1 100 

1 1000 

Brel 




0 



0 

0 

Sarcoid 









1, case 3 




+ 


~h 

+ 


2, case 7 








0 

3, case 11 









Moniiia 








1+ 

Blastomyces 







0 

1+ 

Brucella 




0 





Blood serum 









Wassermann 

0 


0 

0 


0 

0 


Kahn 

0 

0 

0 

0 


0 

0 


Moniiia 


0 



0 



0 

Blastomyces 

0 

0 






0 

Other 




Tularensis 0 Heterophil 0 




Sputum 









Smears 









Acid fast 

0 



0 

0 




Fungi 

Yeast 



0 

0 




Culture 









Bacteria 

Friedlander 



Staph 

Staph 








aureus 

aureus 




Fungi 

0 



0 

0 





Neither ova nor parasites were observed m the feces 
Electrocardiographic studies were made m 8 cases, with the finding 
of prominent P waves in 2 cases and flat or inverted T waves m 2 cases 
No cardiac symptoms were observed, though the liver was enlarged m 
both cases m which the P waves were prominent 

Three grams of ascorbic acid by mouth was requued by patient 10, 
and 2 Gm by patient 11, to saturate the body, as measured by colonmetric 
titration of the urine This amount was m the range of the requnements 
of normal persons observed m the clinic The test was repeated m four 

11 Soffer, L J Present Day Status of Liver Function Tests, Medicine 14 
185, 1935 
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days on patient 10, and saturation was obtained with the first gram , the 
amount taken in the amplified diet was sufficient to maintain saturation 
The basal metabolic rate was not elevated m cases 3 and 7 

ETIOLOGIC STUDIES 

Cutaneous tests with tuberculin were made in all but 2 cases, starting 
with dilutions of 1 100,000 and gradually increasing the dose The Frei 

oj Etiohgic Studies 


Case 6 

Case 7 

.... A _ 

Case 8 

Case 9 Case 10 Case 11 

-A JL -A 

6/16/37 

' 6/14/38 10/17/38 5/19/39 ' 

8/16/38 

' 11/7/38 5/26/39 ' ' 2/27/39 4/3/39 ’ ' 4/4/39 5/2C/39 


+ 

o 

0 

0 

0 

0 

0 

0 

0 


0 

0 

0 

0 

0 

0 

0 

0 

0 


1 1000 


1 1000 1 100 1 1000 
0 0 2 + 


10 mp 4+ 
1 100 1 10 
0 0 


0 0 
0 0 


0 

1 + 0 
0 

1 + 

0 

0 

0 

0 

Brucella 0 
Tularensis 0 
Typhoid 1 320 


0 

0 

0 

0 


3+0 0 

3+0 01+ 3 + 

0 
0 


0 

0 


1+ 


0 

0 


0 0 

0 

± 0 

0 0 


0 0 

0 0 

0 0 0 

0 V C 0 


0 0 0 
0 0 0 


Staph 

aureus 


Staph 

aureus 

0 0 0 


i eaction was faintly positive for twenty-four hours in case 9, but it was 
negative five months later Cutaneous tests with blastomyces filtrate 
1 3 and with undiluted stock Monilia albicans vaccine w^ere done; 
faintly positive reactions were occasionally observed m tests repeated 
later An extiact from a lymph node of patient 3, prepared according 
to the method of Williams and Nickel son, G gave questionably positne 
reactions when injected into the skin of 3 patients, with absolutely nega- 
tive results in 4 controls, 1 of which had actn e pulmonary tuberculosis 
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(tests done by Dr C E Leach, Baltimoie, December 1936 to July 
1937) Extiacts of nodes of patients 7 and 11, similarly prepaied, each 
gave completely negative lesults in 4 patients, with questionably positive 
leactions m the patients fiom whose nodes they were made It is 
possible that some variation m the technic of prepaiation of the second 
and third antigens was responsible for the different results, for with the 
shoit duration of the disease m the second instance it would seem logical 
that the infecting agent would be piesent in greater quantity and in a 
more virulent form than m the first and third specimens from patients 
m whom the disease was chronic 

Agglutination by the blood serum of M albicans and complement 
fixation with blastomyces antigen were absent m 7 cases Only patient 
10, with a positive history of treated syphilis, and patient 9, with no 
history of syphilis, gave occasional positive serologic reactions foi 
syphilis 

Examination of the sputum, when obtainable, gastric contents, nasal 
sci apings and mine m some cases failed to reveal acid-fast organisms 
An unidentified budding fungus was seen in fresh unstained prepaia- 
tions once m the sputum of patient 1, but further search was futile 
Direct smeais of the removed lymph nodes in this case likewise gave 
negative lesults Cultuies of sputum for fungi were made m 4 cases, 
with uniformly negative results 

Specimens of excised lymph nodes were planted aerobically and 
anaerobically on blood agar at 37 C , on Sabouraud’s medium at l oom 
tempeiature and occasionally on acid-fast mediums In 3 instances 
cultuies weie planted on plain agar over benzene and petrolatum foi 
soil bacteria In case 3 a single yellow colony of pleomorphic giam- 
positive bacilli, some of which were partially acid-fast, was recovered, 
but the oigamsm died out on subcultures before it could be identified 
The colony and smeais resembled m some respects the organism lecov- 
eied from a patient with a condition resembling sarcoid by Mellon and 
Bemhauer 12 In patient 7 a small gram-negative coccobacillus was 
recovered but likewise died out before it was identified 

Inoculations of excised nodes gave uniformly negative lesults m 
guinea pigs, labbits, chickens, mice and rats With the exception of 
rabbits and chickens duplicate animals were inoculated In the guinea 
pigs tuberculin tests were done on all and biucellergm tests on some 
before the animals were killed No gross lesions weie obseived in any, 
occasional microscopic sections were made I did not attempt to lepeat 
the work of Schaumann, who reinjected the ground-up lymphoid 
material of the first into succeeding series of animals 

12 Mellon, R R , and Bemhauer, L G The Pathogenesis of Noncaseating 
Tuberculosis of the Skin and Lymph Glands, Arch Dermat & Syph 36 515 
(Sept) 1937 
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treatment 

Treatment has been empuic All the patients weie advised to take 
a high calory, high vitamin diet, with cod liver oil and tomato 01 oiange 
juice, to rest and to remain m the sunshine as much as possible Thiee 
patients received ultraviolet madiation, eight to ten exposures, which 
was gradually increased to eight minutes’ duration, but there was no 
permanent impiovement One patient had received ultiaviolet n radia- 
tion m another hospital without benefit Roentgen ray theiapy has been 
tued m 1 case, but sufficient tune has not elapsed to evaluate it Iiypei- 
pyiexia, induced by the mtiavenous administration of typhoid flagella 
antigen, caused no impiovement in 1 case Sodium gold thiosulfate 
given intravenously has been used spoi adically with no noticeable benefit 
Intravenous injection of neoarsphenamme was credited by patient 5 
with causing improvement Other patients had leceived the drug befoie 
they were seen or have since leceived it m treatment of sy^philis, with 
no benefit Desensitization to Williams and Nickerson’s antigen might 
be tried m patients who leact positively on cutaneous test to it 

Iodides have been given without haim to 1 patient with lesions in 
the lungs Seveial other patients who have smulai roentgen appeal - 
ances and similar chemical changes m the blood but have not had 
biopsies done and hence aie not included m the series have been given 
iodides with no haim or benefit The sputum was uniformly mci eased 
under iodides but remained negative for acid-fast oigamsms and fungi 
The recovery of Snapper’s 8 patient 3 coincided with the adminis- 
tration of ascorbic acid The maintenance of the blood of the patients 
near saturation caused no immediate improvement 

COMMENT 

The disease may be confused clinically with tuberculosis, Hodgkin’s 
disease, lymphosaicoma, leukemia and fungous infections, the collect 
diagnosis is usually reached by exclusion The condition m Negioes may 
run a shoit course, with mailced lesions during the active stage, but 
completely cleai up The extent of the weight loss m the patients of 
this senes is greater than would be expected fiom the experience of 
otheis The occurrence of lesions in stnated muscle, and in the tibia 
ulna and libs is uncommon The unusual distribution of the enlaiged 
lymph nodes and the involvement of the nares and eyelids tend to 
diftei entiate this disease fiom otheis The chionicity and the low' moi- 
tality rate indicate an etiologic agent of low virulence 

The sedimentation late of the red blood cells cannot be used as an 
indicator of the activity of the disease process, foi In peiglobuhnemia 
mci eases the rate 13 The lymphoc} te-monoc\ te latio cannot be used foi 

13 Jeghers, H, and Selesnick S Hvperprotememia Its Significance Inter- 
nat Chn 3 248, 1937 
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prognosis, as in tubei culosis The definite tendency towaid neutiopenia 
and leukopenia are consistent with (1) the observations on the blood 
in virus diseases, such as measles and the common cold (the absence of 
a demonstrable etiologic agent may point toward a virus as the cause 
of the disease) and (2) the absence of an allergic state (anergic phase) 
if the disease is tuberculous in origin The constant observing of 
eosinophils in the blood, on the other hand, points towaid an allergic 
state 

The chemical studies of the blood indicate no i elation of the osseous 
lesions to hyperfunction of the parathyroid glands The changes in the 
serum proteins may indicate activity in the lesions From the similarity 
of the fractional piecipitation curves of blood serum m these patients 
to those in patients with disease of the liver, 14 the evidence of dimin- 
ished excretory power of the liver, as shown by bilirubin tolerance tests, 
and the invasion and fibrosis of the liver observed in patients with 
sarcoid who came to autopsy, 7 it appears that the liver is damaged 
to a greater extent than is usually recognized The fi actional precipita- 
tion curves of blood serum and the observing of substances resembling 
Bence Jones protein m the urine may indicate the formation of abnormal 
proteins 

The etiologic studies have elicited no new positive data The use of 
rabbits, mice, rats and chickens, in addition to the usual guinea pigs, 
should make possible the recovery of atypical tubercle bacilli The 
occasional faintly positive reactions of the skin to the tests with fungi 
are observed in many healthy persons The failuie to duplicate the 
results of Williams and Nickerson with cutaneous tests to an extract 
of tissue may be due to the use of lymph node m place of skin The 
patient with the most marked cutaneous lesions gave irregularly positive 
serologic tests for syphilis and could not be used as a souice for sarcoid 
antigen The ability of the skin of the patients to react is indicated by 
the immediate appeal ance of wheal and erythema in response to all 
antigens exhibited by patients 5 and 7 It is possible that some 
unrecovered member of the geneial group of bacteria i elated to the 
actmomyces, the leprosy bacillus or the tubercle bacillus is the etiologic 
agent The similarity of the bony and facial lesions to those of leprosy 
has been pointed out by other observers 15 

The pathologic reaction is not specific for any group of bacteria 
Similar epithelioid reactions can be elicited by tubercle bacilli, fungi oi 

14 Perlzweig, W A , Kondritzer, A A , and Bruch, E The Solubility Pre- 
cipitation Patterns of the Serum Proteins, J Biol Chem 123 xcn, 1938, unpub- 
lished data 

15 Murdock, J R , and Hutter, H J Leprosy A Roentgenological Survey, 
Am J Roentgenol 28 598, 1932 
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even inert substances, such as aluminum hydi oxide, 16 lecithin obtained 
from yeast and phosphatide or wax derivatives of tubercle bacilli 17 or 
of blastomycetes 18 Anergic tuberculosis and fungous diseases can be 
differentiated by cultuial methods, animal inoculation and serologic 
tests The absence of polymorphonuclear leukocytes and of eosinophils 
in the tissues would indicate lack of an allergic response Alleigy to 
fatty fi actions of organisms has never been demonstrated m experimental 
animals , inoculations of lipids leave a residual eosinophilic 1 esponse at the 
site 10 No eosinophils have been present in the tissues of the patients m 
this series, but other observers have lepoited them Necrosis has been 
more prominent m this series than in otheis, this phenomenon usually 
occurs only m the presence of altered tissue reactivity (allergy) Why 
could not these patients be exhibiting an exaggerated response in the foi m 
of epithelioid cells to small amounts of a lipid fraction of a single organ- 
ism or a variety of organisms, analogous to the neciosis, polymoipho- 
nuclear neutrophilic mfiltiation and edema of the familial allergic 
response to proteins ? The large mononuclear cell is the one which 
pi edommantly responds to lipids This theory could explain (1) the 
absence of positive cutaneous leactions (only protein matenals have been 
used) , (2) the failuie to recover organisms from the lesions (only a few 
organisms or breakdown products would be necessaiy to evoke the 
response) , (3) the occurience of lesions in lymphoid tissue piedomi- 
nantly, wheie leticuloendothehal elements are plentiful, and (4) some 
cutaneous lesions as a reaction to the cnculatmg lipid at a distance from 
the site of infection (analogous to the “id” reactions of the skin m 
tubeiculosis and fungous diseases) Cutaneous tests to purified phos- 
phatide and other lipid fi actions of tubercle bacilli gave negative results 
m noi mal animals, with an altered l esponse in tubeiculous animals 10b 
Biopsies after injection of minute amounts of lipid into the skin of 
patients with sarcoid would aid in studying this point On the basis 
of piesent evidence, the conclusion is leached that the etiologic agent is 
still unknown 

SUMMARY 

Eleven patients with geneialized saicoid have been studied over a 
penod of foui yeais, including 2 who have been clinically well for tv o 

16 Olitsky, P K, and Harford, C G Intranuclear Inclusion Bodies m the 
Tissue Reactions Produced by Injections of Certain Foreign Substances, Am J 
Path 13-729, 1937 

17 Sabin, F R , Doan, C A, and Foikner, C E Studies on Tuberculosis, 
J Expei Med , 1930, supp 3, pp 1-152 

18 Baker, R D Unpublished data 

19 (a) Sabin, F R , and Joyner, A L Tubercular Allerg} Without Infection, 

J Exper Med 68 659, 1938 ( b ) Smithburn, K C , and Sabin, F R Reactions 

of Normal and Tuberculous Animals to Tuoerculo-Protcin and Tuberculo-Phos- 
phatide, ibid 68 641, 1938 
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yeais The gioup is the second in which Negroes predominate and 
includes the first American Indian repoited 

Definite changes m the content of calcium, piotem and phosphatase 
of the blood weie found The phosphoius and nonpiotem nitiogen were 
not altered The cholesterol content was usually low or normal in cases 
m which the condition was active Biluubm toleiance tests showed 
letention Calcium toleiance tests gave vaned results Substances 
resembling Bence Jones protein were occasionally present m the urine 
Etiologic studies, with emphasis on fungi and acid-fast bacilli, using 
animal inoculation, cultures and serologic and cutaneous tests, gave 
negative lesults The cutaneous test suggested by Williams and Nicker- 
son did not give positive results m our patients The etiologic agent 
remains unknown 

Hematologic studies have confirmed low or normal white blood cell 
counts, neutropenia (without a shift to the left in the Schilling hemo- 
gram), eosmophiha, monocytosis and increased sedimentation rate 
Occasional nonspecific changes were observed m the electrocardiogram 
The pathologic picture varied from that usually reported in the com- 
plete absence of eosinophils, the presence of moderate numbers of giant 
cells in acute lesions and the occasional pi esence of necrosis and amyloid 
No specific treatment has been discovered 

It is suggested that the reaction may be an exaggerated nonspecific 
response to a lipid fraction of vaned organisms 

REPORT OF CASES 

Case 1 — Uveopai otid fever for four months, unitary puhnona i y involvement , 
mode) ate glandular swelling, acute lesions icvealed by biopsy, duration two 
yeais, patient well foi two yeais 

J L, a married Negro farmer aged 26, was observed Aug 1, 1934, com- 
plaining of swelling of the nodes m his neck of four months’ duration The 
family history was not significant His wife had given birth to a stillborn child 
four years previously, a living child was born subsequently His general health 
had been excellent except for smallpox at the age of 2 years, frequent epistaxes 
and frequent attacks of draining ears Four years previously he had had marked 
painless swelling of the nodes of the neck for one week 

Four months previously he had noted generalized weakness, dyspnea and 
enlargement of the nodes of the neck, with remittent fever to 102 F Painless 
nodules appeared under the skin over the arms and legs He had some pain in 
the chest, and had raised small amounts of sputum in the morning He had lost 
27 pounds (12 2 Kg) All the joints of the body had been stiff without swelling 
The temperature, pulse and respirations were normal He was not ill but 
showed evidence of loss in weight The skin was clear All the lymph nodes 
of the body were enlarged, particularly those at the angle of the right jaw and 
in the inguinal region Nodules were felt at the external canthus of the right 
eye Paralysis of the sixth nerve on the left side was noted Other nodules were 
felt m the muscles of the arms and legs The tonsils were enlarged The liver 
was palpable, the spleen was not felt 
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A biopsy specimen of a muscle of the left arm showed epithelioid cells and occa- 
sional giant cells Roentgenograms of the chest showed hilar nodes and small 
miliary areas in both lungs 

He was placed on a tuberculosis regimen, without improvement On Decembei 
11 he was admitted to the hospital New complaints included dull headaches, 
diplopia, polydipsia and polyuria, further loss of weight, 3 pounds (14 Kg ) , 
and enlargement of the parotid glands similar to a childhood attack of mumps 
The nodules in the muscles had become the size of walnuts Small ulcers appeared 
at the corners and on the roof of the mouth and on the arms and legs The 
skm itched and the ulcers crusted The wrists and elbows swelled 

A few crusted papules weie noted near the mouth The skm was dry and 
scaly The parotid glands were markedly enlarged, as were all the peripheral 
lymph nodes , some measured 3 cm A few dry rales were heard at the angle of 
the right scapula after coughing Nodules were felt along the epididimis 

The temperature remained below 38 C (100 4 F ) except for one rise to 38 4 C 
Roentgenograms showed massive soft miliary spread of pulmonary lesions 
Roentgenograms of the hands and long bones were normal On examination of 
one specimen of sputum yeast cells and filaments were seen Study of other 
specimens gave negative results, as did cultures Biopsies of an epitrochlear node 
and a parotid gland showed epithelioid cells, with minimal necrosis but no 
fungi or bacteria Cultures and inoculations of the nodes gave negative lesults 
All serologic tests for fungi gave negative results 

The patient gamed weight resting at home for twelve months By June 
1936, two years after onset, the swelling in the glands and nodes had disappeared , 
he felt perfectly well and resumed farming When seen m October 1938, he 
appeared to be perfectly well One postauricular node was palpable Scars were 
present at the edges of the corneas The lesion in the chest had entirely cleared 
except for minimal peribionchial thickening The tuberculin test and serologic tests 
for fungi gave negative results 

Case 2 — Cutaneous lesions for twelve months, soft vifiltiation in the middle 
pot tion of the lung , decalcification of hands 

R P , a farm Negress aged 23, was observed June 9, 1936, complaining of a 
cutaneous eruption of twelve months' duration The family history was not 
significant She had been married three yeais, the first pregnancy lesulted m 
a miscarriage, and two others, in children who died by the second day Her 
general health was good She had frequent sore throats in the winter She 
contracted gonorrhea m 1935, with vaginal discharge and stiff swollen knees 
The Wassermann reaction had been positive in January 1936, and she had 
received intravenous therapy twice weekly since 

Twelve months before admission she noted the appearance of papules in the 
skm, first on the eyelids and then on the face, legs and trunk They were moder- 
ately tender to touch, did not itch and never disappeared Six months prewouslj 
a slight cough developed, productive of white sputum but not accompanied bj 
fever She had rare night sweats and nocturia (micturition twice mghtlj) She 
had lost 15 pounds (6 8 Kg) 

The temperature, pulse and respirations were normal She did not appear ill 
In the skin were nontender papules without inflammation 5 mm in size No 
lymph nodes w j ere enlaiged The tonsils w’ere large The li\er and spleen v ere 
not felt The lungs were clear on auscultation Roentgenograms of the lungs 
snowed extensive soft infiltration, chiefly in the middle of the lung fields Roent- 
genograms of the hands showed decalcification and early trabeculation A biop«% of 
the skm showed typical hard tubercles 
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The patient was placed on a tuberculosis regimen, with cod liver oil, milk and 
sunshine She reported by letter twenty-seven months later that she was perhaps 
a little improved 

Case 3 — Generalised enlai gement of lymph nodes for seven ycais, progressive 
involvement of bones, minimal cutaneous and pulmonary changes 

F M , a farm Negress aged 27, was first observed Dec 12, 1936, complaining of 
pain in the hands and feet which had begun three years before The family 
history was not significant She was single, a pregnancy had ended in a mis- 
carriage at three months Her general health had been good before the present 
illness except for pneumonia at the age of 16 and frequent infections of the upper 
part of the respiratory tract since that time Constipation with hemorrhoids and 
occasional periods of bloody diarrhea had been present for ten years Vaginal 
discharge had been present for ten years, and the menses were irregular 

Eight years previously the patient had had a sudden onset of pain in the lower 
part of the abdomen on both sides, which was accentuated by the menses Seven 
years previously she had noted gradual painless enlargement of the inguinal 
nodes Three years previously aching in the knee joints with swelling and 
increased heat had begun The feet, hands, arms and elbows were soon involved 
Pam in the hands and feet peisisted, and deformity of the phalanges and nails 
progressed to such a point that she could not use her hands or stand on her feet 
Gradual painless involvement of all the nodes of the body ensued For two 
years anorexia and nocturia had been piesent, with some dimness of vision and 
frontal headache She had lost 30 pounds (13 6 Kg) since the onset of the 
illness, with a loss of 8 pounds (3 6 Kg ) in the preceding two years Ingestion 
of a patent medicine ten months previously had been followed by a generalized 
pustular eruption, most marked on the face, mouth and genitalia 

The temperature, pulse and respirations were normal The patient appeared 
chronically ill The skm was dry and scaling, with a few subcutaneous nodules 
over the cheeks, arms and legs All the lymph nodes of the body were enlarged, 
particularly those along the borders of the pectoral, deltoid and arm muscles, 
they were rubbery and nontender The nails of the fingers and toes were thickened 
and brittle, with longitudinal ridging of some, the terminal phalanges were mis- 
shapen The tonsils were slightly enlarged and ragged The lungs were clear 
The liver and spleen were not felt A single temperature reading above 38 C 
(100 4 F) was made 

Biopsy of the skin and a lymph node showed hard tubercles with rare giant 
cells Roentgenograms of the hands and feet showed extensive trabeculation and 
cyst formation Enlarged mediastinal nodes with slight peribronchial thicken- 
ing were present On a regimen of ultraviolet therapy m the hospital and 
exposure to sunshine, rest and ingestion of cod liver oil at home, the patient 
gamed 6 pounds (2 7 Kg ) and felt better than she had m two years The pain 
in the joints decreased, and she was doing housework The skm occasionally 
itched 

On her next admission, Oct 28, 1937, the inguinal and axillary nodes had 
increased m size, and the lacrimal glands were now enlarged The scleras were 
clear The liver was enlarged, the spleen was not felt The second pulmonic 
sound was accentuated and split 

She was given twelve daily intravenous injections of typhoid vaccine, resulting 
in chills and fever During this time stab forms of the polymorphonuclear leuko- 
cytes markedly increased, and the proportion of the various mononuclear cells 
varied markedly from day to day 
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She continued her previous regimen at home and returned to the hospital on 
Sept 15, 1938 She had noticed no dyspnea, and the pains in the joints were 
improved She w'as losing weight The left tibia was sore and swelled inter- 
mittently, a cyst was demonstrated at this site b> a roentgenogram Pam w'as 
present along the right costal margin, and a slight cough productive of white 
sputum had developed The skin showed only scars The lymph nodes were 
increasing in size, the axillary nodes were painful A detached nodule was 
present at the upper lateral border of the left lobe of the thyroid Drj mbs 
without rales were heard over the chest Roentgenograms of the chest showed 
no change since the previous examination The cysts in the feet w'ere increasing 
in size A biopsy of a lymph node showed hyahnization of fibrous tissue, com- 
plete replacement by epithelioid cells and the presence of amyloid 

Case 4 — Maiked involvement of the eyes for one year with complete healing 
m two years, giadual pi ogi essive cnlaigemcnt of the lymph nodes, puhnonaiy 
symptoms with no demolish able lesions m the lungs 

A B , an American Indian farmer aged 22, was observed Feb 15, 1937, com- 
plaining of pain in the eyes of one yeai’s duration One grandfather had died of 
cancer He had been married three years , his w’lfe’s only pregnancy resulted in a 
living child His general health was good He had frequent earaches, sore 
throats, epistaxes and nonproductive colds For three years he had had epigastric 
pain between meals He had had jaundice at the age of 6 years 

Twelve months previously infection in the upper part of the respiratory tract 
had developed, with headache and thick yellow discharge from the left nostril 
For six months he had had a slight cough without sputum or fever One week 
aftei onset dimness of vision with slight pain in the eyes began A small amount 
of pus had been present for two weeks in one eye At the onset the inguinal 
nodes became enlarged and tender, followed by nontender swelling of the other 
lymph nodes of the body Soreness in the right hip and left elbow began For 
two months anorexia and nausea had been present He had lost 20 pounds 

(91 Kg) 

The tempeiature was normal, but tachycardia was present, he did not appear 
ill The skin was clear All the lymph nodes of the body w'ere enlarged up to 
1 5 cm in size, including the preauricular, postauricular, submental and epi- 
trochlear nodes and those near the pectoral and deltoid muscles and on the thigh 
The conjunctivas were injected, and iridocyclitis and keratitis were present 
The pupils were irregular and fixed Pam was present over the bridge of the 
nose, and the septum w'as scaling but intact The tonsils W'ere small and slightly 
injected, the lungs were clear The spleen was palpable 

Roentgenograms of the hands and feet were normal, and those of the chest 
showed slight hilar thickening and enlarged glands 

A biopsy of a lymph node near the deltoid muscle showed hard tubercles and 
no organisms The lymphoid tissue was entirely replaced by the epithelioid 
reaction 

He w r as admitted to the hospital on March 16, 1937 He was afebrile, but the 
pulse rate remained 100 to 120 He received ultranolet radiation for ten days 
and then w'as sent home to continue treatment with cod lner oil and sun baths 
In the course of the next four months the eyes cleared, but he gained no weight 
and showed no general improvement 

He returned to the hospital on Sept 26, 1938 He had lost 3 pounds (1 4 Kg ), 
but w'as working daily on the farm The inguinal nodes were sore, and the 
others weie slowh increasing in size Pam de\ eloped under the sternum, with a 
cough productne of J4 cup of greenish yellow' sputum daih, but there was no 
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fever Aching was noted in the right hip and knee He had taken a pint (475 cc ) 
of cod liver oil weekly for three weeks A swollen node had developed m his baby’s 
neck, but the child was not available for examination 

The temperature was 38 4 C (101 IF), pulse rate 120 and the respiratory rate 
32, but the patient did not appear acutely ill The nodes weie enlarged, rubbery, 
freely movable and nontender and measured up to 2 by 3 cm The skin was 
clear The eye showed scats only Moist tales were present in the left midaxillary 
line The liver and spleen were not felt 

Roentgenograms of the chest showed enlargement of the hilar nodes with 
no infiltration of the central poition of the lungs 

Case 5 — Painful enlargement of the lymph nodes foi two months, dmation sn 
months, patient well for two yeais 

J C, a Negro lumber truck driver aged 27, was admitted to the hospital on 
May 7, 1937, complaining of tender swollen nodes in the neck and groin which 
had been noticeable for two months The family history was not significant He 
had been married for eight years and had four living children His general 
health was excellent He had had smallpox and malaria in childhood He had 
frequent colds and sore throats 

Two months previously the patient had contracted an infection of the uppei 
part of the respiratory tract, which was followed by gradual painful enlargement 
of the nodes at the angle of the jaw Generalized enlargement of the lymph nodes 
soon followed, with moderate pain in the inguinal nodes Headache was trouble- 
some He noted some epigastric pain, with occasional nausea and diarrhea He lost 
20 pounds (91 Kg ) 

The temperature, pulse and respirations were normal He was not ill The 
sum was clear The lymph nodes were all enlarged, soft or rubbery, discrete and 
slightly tender The largest, 6 cm in size, were in the inguinal region The 
epitrochlear nodes measured 3 cm The popliteal nodes were palpable The lungs 
were clear The liver and spleen were not felt The tonsils were pale and not 
enlarged 

Roentgenograms of the hands were normal , the mediastinal nodes were 
enlarged, but the lungs were clear except for hilar thickening Biopsies of cervical 
and epitrochlear lymph nodes showed marked epithelioid reaction, with rare giant 
cells and minimal necrosis He was afebrile and was sent home to receive 
weekly intravenous injections of 0 45 Gm of neoarsphenamine After the tenth 
injection the nodes disappeared, and he felt perfectly well, he received fifteen 
injections in all 

He returned to the hospital April 27, 1939 He had worked every day since 
leaving and had gained 20 pounds (9 1 Kg ) For the preceding four weeks 
he had noted pain below the right scapula and in the axilla, accompanied by 
slight cough productive m the mornings of small amounts of yellow sputum The 
nodes had entirely disappeared except for small submandibular ones Several 
pale papules measuring 3 mm were present on the skin of the face and chest 
The cutaneous tests gave markedly positive reactions to all antigens at thirty 
minutes, with wheal and reticulated erythema, but the reactions all disappeared 
m twenty-four hours Roentgenograms of the hands and feet were normal The 
mediastinal nodes had disappeared, and only slight peribronchial thickening was 
present 

Case 6 — Genetahsed enlargement of the lymph nodes foi eighteen months, 
cutaneous lesions, asymptomatic pulmonary involvement 

J T , an unmarried Negro yard boy aged 21, was observed June 16, 1937, com- 
plaining of a cutaneous eruption of one year’s duration The family history was not 
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significant Eighteen months previously small round papules appeared on the 
penis and the surrounding skin, followed by similai lesions on the buttocks and 
swelling of the inguinal nodes One year pieviously moderately tender lesions 
appeared around the mouth, nose and back of the neck The application of salves 
to the penis was beneficial, but the facial lesions spread No pus was present 
Wassermann reactions were repeatedly negative, and intravenous antisyphilitic 
therapy caused no improvement 

The temperature, pulse and respirations were noimal Film smooth papules 
without inflammation were present on the neck, face and eyelids Flat circulate 
megular lesions were present at the corners of the mouth and on the anterior 
nares The cervical, aunculai, axillary, inguinal and femoral nodes were enlarged, 
firm, rubbery, nontender and discrete The lungs were cleai on physical examination 

Biopsies of the skin, the lip and a postenor ceivical Ijmph node showed 
epithelioid cells, no organisms and scattered brown pigment Roentgenograms of 
the chest showed minimal infiltration in the central portion of the lung, peri- 
bronchial fibrosis and enlargement of the lymph nodes Attempts to trace this 
patient have been futile 

Case 7 — Swelling of the lymph nodes for ten zvecks, minimal penbi onclnal 
thickening , questionable ti abeculation of the toes , healing 

M P , an unmarried Negro domestic servant aged 27, was admitted to the 
hospital June 14, 1938, complaining of swelling of the nodes of the neck which 
had begun ten weeks before The family history was not significant Her general 
health had been excellent Six months before admission she began to lose weight 
and to fatigue easily Ten weeks before admission she noted slowly growing non- 
tender nodules in the neck, under the chin, in the armpits and m the groin Anorexia 
had been marked She had had no fever The skin had turned noticeably daiker 
and the hair began to fall out She lost 25 pounds (11 3 Kg ) 

The temperature, pulse and respirations were normal She was not ill The 
skin was clear The cervical, submental, epitrochlear, axillary, inguinal and 
pectoral nodes were enlarged, discrete and not tender The eves were clear The 
tonsils were small The liver was at the costal mai gin , the spleen was not felt 
The lungs were clear *The temperature remained 38 C (100 4 F ) or below until 
a biopsy specimen was taken, when it reached 39 4 C (102 92 F ) foi two days A 
cervical node was excised and found adherent to the surroundmg tissues Sections 
showed hard tubercles, hyalinization of connective tissue and no organisms The 
tonsils were removed, but sections weie not made of them Roentgenograms of 
the chest showed a few hilar nodes 

On a tuberculosis regimen at home the patient gained 9 pounds (4 1 Kg ) Vague 
pain developed in the lower part of the abdomen On October 17 an inguinal node 
measuring 2 5 by 1 5 cm was excised The sections showed a similar process to 
that in the other node A single colony of a gram-negative coccobacillus was grown 
on anaerobic blood agar Roentgenograms of the hands were normal The hilar 
nodes were slightly enlarged, and minimal peribronchial thickening was present 

She returned to the hospital May 18, 1939, one year after onset, complaining of 
pain under the right scapula during the past winter She had had no fevei at 
home, had gained 16 pounds (7 3 Kg ) and appeared quite well Some aching had 
been present in the muscles of the right thigh The skin and eyes were clear 
Postauncular, submaxillaiy and small cervical, axillan and inguinal nodes were 
present On deep inspiration the liver descended 2 fingeibieadths and the spleen 1 
fingei breadth below the costal margin 
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Roentgenograms of the toes showed questionable trabeculation The hilar 
nodes had receded slightly, the peribronchial thickening was unchanged Biopsy 
of another lymph node showed more definite tubercles with more giant cells and 
slight neciosis Fat cells were scattered throughout Cutaneous tests gave 
immediate reactions to all antigens, with wheals and erythema at thirty minutes, 
but the reactions disappered in twenty-four hours 

Case 8 — Generalized enlargement of the lymph nodes for four months , soft 
infiltration m the middle of the lungs, questionable cysts of fingers 

G B, a white faimer aged 36, was admitted to the hospital Aug 16, 1938, 
because of loss of weight for four months The family history was not significant 
He had been married twice, the first wife dying in childbirth His general health 
had been good except for an attack of pain in many of the joints accompanied by 
swelling at the age of 14 He had been examined m the orthopedic clinic in 1935 
because of pain in the lower part of the back after an injury Roentgenograms 
of the spine had been normal He had had no enlargement of the lymph nodes or 
cutaneous nodules at that time but showed signs of mitral stenosis The lrver and 
spleen were not palpable 

About one year before the patient’s admission gradual malaise had begun, 
followed by the loss of 40 pounds (181 Kg ) in the preceding five months Four 
months previously he had noted gradual enlargement of all the lymph nodes of 
the body One month later a small mass appeared in the epigastrium He had no 
level The skin did not itch His libido had decreased Burning on urination 
and nocturia had been present for one year 

The temperature, pulse and respirations were normal He appeared chronically 
ill A few nodules were felt in the skin over the back All the lymph nodes of 
the body were enlarged, with the largest 4 by 3 cm in the right supraclavicular 
fossa The eyes were clear The tonsils were slightly enlarged and reddened 
The lungs were clear on physical examination The heart showed no change 
since the previous examination The liver was palpable 3 cm and the spleen 2 cm 
below the costal margins In the right upper quadrant and near the umbilicus were 
film nontender masses measuring 5 cm, which were thought to be enlarged mtra- 
abdominal lymph nodes Large external hemorrhoids werq present The fingers 
showed rounded tips 

Gastrointestinal roentgenograms were normal Roentgenograms of the chest 
showed no enlargement of the mediastinal nodes but soft infiltration in the middle 
part of the lung fields Questionable cysts and trabeculation were present m 
the finger tips Roentgenograms of the feet were normal Biopsy of a lymph node 
showed almost complete replacement of lymphoid tissue by round collections of 
epithelioid cells, and the intervening connective tissue showed slight hyalinization 
Minimal necrosis was present The patient left before studies were completed and 
has not been heard from since 

Case 9 — Extensive cutaneous lesions for six years, asymptomatic miliary 
fibi otic lesions of the lungs 

B M, a Negro school teacher aged 32, was obseived Nov 7, 1938, complaining 
of a cutaneous eruption of six years’ duration Several cousins had asthma She 
had been married ten years , the only pregnancy resulted in a living child Her 
general health had been excellent She had had smallpox at the age of 9 years 

Six 3 'ears previously nonitching lesions had appeared on the upper lip and 
spread to the nose, arms and neck and then to the skin in general, including the 
genitalia She received a course of ultraviolet irradiation in 1931 and one hundred 
intravenous injections of arsenicals in 1933, without improvement 
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The temperature and the respirations were normal, and she did not appear ill 
Tachycardia (heart rate 100) was present The skin of the entire bod}’-, including 
the scalp, eyelids, nares, labia and perineum, was covered with raised, nonscalmg, 
linear or cucmate lesions They were not tender or anesthetic The palms and 
soles were not involved A lipoma was present on the left wrist The nasal 
septum was intact No enlarged lymph nodes were felt The tonsils were atrophied 
The lungs were clear on physical examination The liver and the spleen weie 
not palpable 

Biopsy of the skin of the abdomen showed minimal invasion of the corium and 
well formed hard tubercles, with rare giant cells and no necrosis Roentgenograms 
of the chest showed miliary fine fibrotic areas, with slightly enlarged nodes Tiny 
questionable cysts were observed in the fingeis 

Case 10 — Lesion of left eye foi ten yeais ( syphilitic oi saicoid?) , cnlaige- 
ment of the lymph nodes foi seven yeais, cJn omc piilmonai y disease without and- 
fast oiganisms oi fungi 

L B , an unmarried Negro waiter aged 30, was observed Feb 24, 1939, 
complaining of a cough of three years’ duration His father had died of diabetes 
The patient’s general health had been good except that he had had pneumonia at the 
age of 13 Frequent sore throats were terminated by a tonsillectomy in 1933 He 
worked as a plasterer’s helper foi two years 

Ten years previously pam had developed m the patient’s left eye Seven years 
pieviously a penile lesion had developed and had been followed b} enlargement of 
the inguinal and postauricular nodes Syphilitic intis was diagnosed, and he 
had received continuous tieatment for one year without improvement An indectomy 
had been performed, resulting m complete loss of sight m that eye Thiee years 
before admission progressive shortness of breath had begun, accompanied by a 
cough productive of yellow sputum, which progressed m one year to the point of 
incapacitating him for work He had frequent attacks of pain in the chest, with 
no fever or hemoptysis No cutaneous rash or persistent enlargement of the lymph 
nodes had been present He had lost 25 pounds (113 Kg ) since the onset and 10 
pounds (4 5 Kg ) in the past year 

The temperature, pulse and respirations on admission weie normal He 
did not appear ill The skin was clear There was moderate general enlarge- 
ment of the lymph nodes, including the cervical and epitrochlear nodes The right 
pupil was irregular and eccentrically placed, but it reacted to light The con- 
junctiva of the left eye was hyperemic, the cornea was opaque, and there was a 
■wedge-shaped scar m the upper portion of the iris Motion of the left side of the 
chest was limited, and the percussion note was dull there Coarse moist lales were 
present between the scapulas, more marked on the left The fingers showed slight 
clubbing The liver and spleen were not felt 

Biopsy of an inguinal lymph node showed scattered small hard tubercles Only 
marked reticuloendothelial hyperplasia was found in an axillary node The 
temperature ranged below 37 5 C (99 5 F ) except for one rise to 38 C (100 4 F ) 
Roentgenograms of the chest showed diffuse infiltration of the central portion of 
both lung fields, the ribs showed suspicious areas of rarefaction The diaphragm 
was deformed by adhesions The mediastinal nodes were slightly enlarged 

Case 11 — Maikcd cutaneous lesions foi five yeais, qeneiahsed enlai gement of 
the lymph nodes, massive asymptomatic lesions of the lungs, minimal hone involve- 
ment 

J F, a Negro tobacco worker aged 30, was seen Apul 4, 1939, complaining of 
an eruption on the face which had begun five years before Two sisters had been 
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stillborn His wife had diea of a ruptured appendix, one child was living and 
well His general health was excellent, although he had frequent infections of 
the upper part of the respiratory tract 

Five years before admission the patient had noticed several vesicles on his 
forehead, followed by weeping nontender papules on the bridge of the nose, which 
had spread to the cheeks, nares and eyelids The neck, genitalia and perineum 
were involved three years later A roentgenogram of the chest taken three weeks 
before admission, after influenza, showed extensive lesions in the lungs He had 
had no fever or cough and nad lost no weight He had received iodides without 
harm 

The temperature, pulse and respirations were normal, and he was not ill 
Over the face was a butterfly distribution of a papular eruption which was also 
observed on the neck, legs, scrotum, penis and anus Some areas were crater-like 
and measured 2 cm Two ulcers were seen on the roof of the mouth The cervical, 
axillary, epitrochlear and femoral nodes were firm, discrete, enlarged and not 
tender The tonsils were small and not infected A few moist rales were present 
over both lungs The liver and spleen were not felt Biopsy of the skin showed 
tubercles, with occasional giant cells and minimal central necrosis The epithelium 
was ulcerated, but no polymorphonuclear reaction was present The lymph node 
showed many hard tubercles, with rare giant cells and no neciosis The con- 
nective tissue was markedly hyalinized, and amyloid was present No organisms 
were found Roentgenogi ams of the fingers and toes showed trabeculation, with 
a cyst in a cuneiform bone Roentgenograms of the chest showed extensive 
fibrosis, chiefly in the middle parts of the lungs, and the diaphragm was markedlj 
deformed The mediastinal nodes were slightly enlarged 
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The study of penpheral vascular diseases has made rapid studes in 
the past decade, and has now leached the stage at which it can benefit 
from a deal, concise and descriptive classification The need for such 
a classification becomes obvious when an attempt is made to cull the 
hteratuie or to abstiact hospital records Increasing interest in periph- 
eral vascular diseases has led to lapid accumulation of new knowledge, 
and the multiplicity of investigative reports has sharpened the need 
foi some degree of uniformity in clinical designation 

Repeatedly, methods of treatment reported to have yielded excellent 
lesults are subsequently found to be of no value m other hands The 
reason too often is that widely differing stages of a disease process 
aie grouped together as an entity, and cases included m one classifica- 
tion m one clinic are called instances of something else in another clinic 
The simplest and most piactical method of classification, we feel, 
must be one which enforces a complete study of each case reported, 
which leaves little to conjecture and which is flexible enough to allow 
still undiscovered factois to be included at a later date The set of 
diagnostic cntena heie presented is planned for a threefold use (1) 
In the individual case it offers a woikable means for accurately defining 
the patient’s initial status, (2) it offers a means of determining his 
pi ogress and (3) uniform diagnostic standards make possible valid 
comparisons of data from many souices, and permit ciystallization of 
prognostic and theiapeutic pi maples fiom these data 

Our scheme is patteined after the diagnostic criteria for heart disease 
published by the Heait Committee of the New York Tuberculosis and 


From the Department of Penpheral Vascular Diseases, the Bronx Hospital 
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Health Association 1 No claim is made that these cuteria are ultimate 
and immutable pi maples They are intended as a uniform basis for 
diagnosis, subject to such modification as time and use may indicate 

A comprehensive diagnosis of peripheral vasculai disease should 
include a statement of (A) the etiologic agent or agents, (B) the 
anatomic status, (C) the extent of physiologic impaiiment, and (D) 
the functional capacity of the patient 

A ETIOLOGIC AGENTS IN PERIPHERAL VASCULAR DISEASES 

I Aciocyanosis — The charactenstic signs and symptoms of acio- 
cyanosis 2 may be summarized as follows 

(a) The condition occurs predominantly in young women 

( b ) The involvement is usually bilateral, though it may be unilateral 

( c ) The usual site of involvement is the fingers, or the hands up to 
the wrists 

( d ) Pam is absent 

( e ) Changes m color do not occur with changes m postuie 

(f) Exposuie to cold pioduces spasm, low skin temperatuie and 
cyanosis of the extremities 

( g ) Heat or warmth produces rubor and normal skin tempeiatme 

( h ) The arterial pulsations are noimal 

(i) Gangrene never occurs 

(; ) Oscillometnc measurement show s normal expansion u ith ai tei lal 
pulsation in the involved area 

( k ) Vasodilatation tests show'- normal rises in skin tempeiature 

(/) Artenogiaphic examination shows noimal filling of vessels 

(m) Microscopic examination of the capillaries during the cyanotic 
phase may show spasm of the arterioles and dilated venous branches 

The condition may be differentiated from Raynaud’s syndrome by 
the absence of asphyctic changes m coloi, of pain, even during the 
cyanotic phase, and of gangiene It may be distinguished from throm- 
boangiitis obliterans and artenoscleiosis obliterans by the absence of 
organic changes m both vessels and tissues 

II Arteriosclerosis Obliterans — The characteristics of aiteno- 
sclerosis obliteians 3 may be noted m the following manner 

(a) The disease usualfy occurs m persons over 50 years of age 

1 Criteria for the Classification and Diagnosis of Heart Disease, ed 3, New 
York Tuberculosis and Health Association, 1932 

2 (a) Lewis, T Vascular Disorders of the Limbs, New York, The 

Macmillan Company, 1936 (6) Elliot, A H , Evans, R D , and Stone, C S 

Acrocyanosis A Study of the Circulatory Fault, Am Heait J 11 431, 1936 

3 Hines, E A , Jr Thrombo-Artenosclerosis Obliterans, Proc Staff Meet , 
Mayo Clin 13 694, 1938 Lewis 2a 
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( b ) The sex ratio m the patients with this disease shows that men 
predominate over women, 6 to 1 

(c) Race is of no significance as an etiologic factor 

( d ) The lower extremities are the chief site of involvement, in 
only about 1 pei cent of the cases are symptoms noted in the upper 
extremities 

(e) The chief complaint at the onset is usually intermittent claudica- 
tion In the latei stages, lest pain may occur as a result of either 
ischemic neuntis or local changes m tissue, also, paresthesias may be 
noted Patients may complain of excessive coldness of the limbs 

(f) Any degree of tissue degeneration up to ulceration and gan- 
grene may develop 

( g ) Physical examination usually reveals a cold extiemity, flushed 
when dependent and pallid when elevated, in which there are varying 
degrees of degeneration of tissue 

( h ) Pulsations m any or all vessels may be diminished or absent 

(?) Oscillometnc tracings show diminished to absent pulsations of 

the limbs 

(;) Vasodilatation tests do not produce noimal rises m skin tem- 
perature 

( k ) Artei lographic examination shows vaiymg degiees of oiganic 
obstruction 

( l ) Roentgenographic evidence of calcification of vessels is com- 
mon, but it is not an index of vascular occlusion 

III Artenovenous Fistula — The signs and symptoms of arterio- 
venous fistula 4 are both local and systemic The local symptoms may 
be descnbed as follows 

(a) The involvement is most fiequently unilateral 

( b ) The mass of the fistula is usually evident 

( c ) Bruit and thrill over the mass are continuous 

( d ) There is high venous pressure in the affected extremity, as a 
result of this there may occur (1) enlargement of the limb, (2) 
increased warmth of the limb or (3) recuirent tiansient edema 

( e ) Aitenal pulsation is diminished below the lesion 

(/) Oscillometnc readings are high above the lesion and low 
beneath it 

(g) There is mci eased oxygen tension m the venous return from 
the limb 

4 Hitzig, W M, and Master, A M Artericnenous Fistula, J Mt Sinai 
Hosp 1 269, 1935 
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The systemic phenomena depend on many featuies — foi example, 
the size of the fistula, the caliber of the vessels involved, the duration 
of the lesion and its distance fiom the heart, the age and the activity 
of the patient, and the presence or absence of coexisting cardiovascular 
disease The systemic phenomena may be minimal or may include the 
signs of advanced cardiac failure The severity of the signs in the 
following list will vary with the degree of cardiac compensation 

(a) The circulation time (aim to tongue) is usually increased, even 
with noimal venous piessure 

( b ) The venous piessure is unchanged in the compensated phase, 
in the later stages, when right ventriculai failure occuis, it is of course 
elevated 

( c ) The systolic artenal piessuie is high, the diastolic, low 

(d) The pulse late is elevated The production of bradycaidia on 
compression of the mass is almost pathognomonic 

Arteriographic examination, when feasible, will usuall}' - establish 
the diagnosis if arteriovenous fistula is piesent 

IV Autohemagglutination — This condition 0 piesents vasculai 
symptoms without evidence of vascular pathologic change A leversible 
autohemagglutination, which occurs on cooling and disappears on wann- 
ing, can be demonstrated In the cooling-agglutination phase, intra- 
vascular plugging with the agglutinated cells occuis 

The demonstration of the Donath-Landstemer phenomenon — that 
is, autohemolysis — is not necessaiy, however, for diagnostic pui poses 
In vitro, agglutination occuis at 10 C m titers up to 1 1,000, but it 
does not occur in any concentration at 37 C 

V Diseases of the Cential Neivous System — All penpheral vas- 
cular changes which develop as a result of syringomyelia, poliomyelitis 
and hemiplegia have this in common they are essentially changes due 
to disuse 5 6 Loss of function in a limb causes diminished circulation 
of blood in that limb, m proportion as the demands of muscular activity 
dimmish 2a Curtailment of blood supply brings on, in tuin, the varying 
signs of malnutrition of the skill that have been called “tiophic 
changes” coldness and cyanosis of the aftected limb, development of 
atrophy and edema and an excessive susceptibility to cold and physical 

5 McCombs, R P, and McElroy, J S Reversible Autohemagglutination 
with Penpheral Vascular Symptoms, Aich Int Med 59 107 (Jan) 1937 

6 (a) Allen, E V, and Craig, W M Effect of Lesions of the Central 

Nervous System on the Circulation, Proc Staff Meet , Mayo Clin 13 131, 1938 
(b) Lewis, T, and Pickering, G W Circulatory Changes in the Fingers m 
Some Diseases of the Nervous System, Clin Sc 2 149, 1936 (c) Kerr, W J , 

and Underwood, F J Hemoconstriction of the Vascular System Associated 
with Cerebral Disease, Am Heart J 12 713, 1936 
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tiauma, which often lesult m indolent “tiophic” ulcers In all these 
states the absence of organic obliterative disease can be confiimed by 
the fact that eliminating the vasotonic influence of the sympathetic 
neive supply results m complete vasodilatation m the limb 

The distinguishing charactei istics of these conditions aie therefoie 

(a) Prolonged loss of muscular function m the limb 01 limbs 
affected, associated with the histoiy and signs of disease of the cential 
neivous system 

( b ) Vaiying degrees of coldness and cyanosis, and changes lesult- 
mg from nutntional deficiencies, m the affected as compaied with the 
unaffected limbs 

( c ) Capacity of the vessels m the aftected limbs to dilate completely 
on lemoval of the sympathetic vasotonic control in those areas 

Bram lesions which involve the vasomotor centeis m the legion of 
the hypothalamus occasional^ cause vasoconstnction on the side of 
the body opposite the lesion Gc The limbs affected ai e cold and pale or 
cold and cyanotic Pulsations in these limbs aie absent 01 gieatly 
diminished, and there is no vasodilatation in lesponse to measuies that 
abolish sympathetic tone 

Cord tumors that exeit piessuie on the lateial columns have been 
known to cause marked peripheral vasoconstnction, the distribution 
cori espondmg to the site of the cential lesion 

VI Cci vical Rib Syndrome — The symptoms in this syndrome depend 
on distoition of the couise of the subclavian aiteiy and the distal trunk 
of the biachial plexus This distoition may be caused by an anomalous 
cervical rib 01 a fibious band, or by tension at the insertion of the 
scalenus anticus muscle sufficient to elevate the arch of these structuies 7 
In the majority of cases the symptoms are neuiologic only, occasionally 
there is associated vasculai involvement Symptoms usually appear 
after adolescence 

The neurologic manifestations aie 

(a) Pam m the deltoid legion, shouldei and upper pait of the 
aim There may be ladiation to the back of the neck and head, to the 
seventh cervical spine or to the ulnar aspect of the hand and arm 

( b ) Tenderness over the mseition of the scalenus anticus muscle 
behind the clavicular attachment of the sternomastoid 

( c ) Relief on inclining the head toward the affected shoulder 

( d ) Sensory impaiiment, and later atiophy, along the ulnar side 
of the hand and forearm (as a result of involvement of neive fibers 
onginatmg m the eighth cei vical or first dorsal loot) 

7 Callander, C L Surgical Anatomy, Philadelphia, W B Saunders Com- 
pany, 1939 Craig, W M, and Horton, B T Diagnosis and Treatment of 
Vascular Disorders of the Extremities, S Clin North America 18*899, 1938 
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Vasculai manifestations 

(a) The commonest changes are secondaiy to pressure on a nerve 
and are a result of disuse The limb is colder than its fellow, it may 
show mild cyanosis and, occasionally, edema (Stimulation of sympa- 
thetic nerve fibers m the brachial plexus, with resulting vasospasm, may 
be a factor m these changes ) There is no impairment of peripheral 
pulsation in these cases, and the limb lesponds noimally to vasodilating 
stimuli 

(b) Major vascular changes aie raie and are caused by embolism 
from a thrombus at the site of pressure The effects vary, depending 
on the size and location of the embolus, from transient coldness and 
cyanosis of the digits to gangrene of the finger tips 

Roentgenographic examination will demonstrate an anomalous 
cervical rib when it is present More often than not, however, this 
anomaly is absent, and the diagnosis must rest on clinical recognition 
of the neurovascular syndrome 

VII Exposure to Cold — Apart from its etiologic role in penpheial 
vascular disease, prolonged intense cold acts as a noxious physical agent 
on the outlying structures of persons with normal vascular trees, and 
produces frostbite 

The effect of cold on peripheral vascular tone is twofold 

1 Directly, it bungs about vasoconstriction m an exposed limb, and 
consequent diminution in the volume of blood circulating in that limb 

2 Indirectly, by way of the central nervous system, it causes vasocon- 
striction of cutaneous vessels, generally in a reflex manner In normal 
persons, the sum of these two effects will not ordinarily suffice to arrest 
completely the circulation to a limb, 2a but in persons with impaired 
peripheral vessels this may happen temporarily and reversibly, as m 
milder forms of Raynaud’s disease during the asphyctic phase, or per- 
manently, with resulting tissue death, m more advanced giades of 
obliterative vascular involvement An episode of exposure to cold may 
be the determining factor in the transition from a state of vascular 
insufficiency still consistent with viability of the tissues to total oblitera- 
tion of vessels, with development of gangrene 

In some of the so-called functional vascular disorders (acrocyanosis, 
erythiocyanosis) cold must be classed as the exciting etiologic factor, 
the predisposing cause being local change m the vessels which renders 
them excessively sensitive to cold 

VIII Diabetes Mellitus — The role of diabetes mellitus in periph- 
eral vascular disease is not that of a direct etiologic agent Although 
the disease is not the cause of arteriosclerosis obliterans, it may hasten 
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the onset of the latter Thus it has been estimated 8 9 that pulsation in 
one or more of the peripheral vessels is absent ten to twenty years eailier 
m diabetic than in nondiabetic peisons The impoitance of diabetes 
melhtus, then, is m modifying adversely the course of the arterioscleiotic 
process, especially when infection or trauma supervenes 

IX. Embolism and Thombosis — Embolism and thiombosis aie 
acute vascular accidents which lead to a diamatic tiain of tissue change 
Differentiation between embolic and thrombotic obstruction of a peiiph- 
eral artery depends not on the state of the limb affected but rathei 
on associated findings more or less remote from the site of obstiuction 
The factors to be evaluated aie 

(a) The presence or absence of a possible souice of emboli The 
commonest cause is pathologic change m the left side of the heait, the 
conditions associated with emboli in systemic aitenes are mitral stenosis, 
auricular fibrillation (especially during changes from fibrillation to leg- 
ular sinus lhythm), congestive heait failure, bactenal endocaiditis 
involving the aortic or mitral valve and coronary thrombosis with 
infarction of the left ventricle and formation of muial thrombus 

( b ) The age of the patient Thrombosis is more commonly the 
cause of sudden occlusion m old than m young persons A histoiv of 
claudication, 01 other manifestation of previous vasculai impaiiment 
m the limb also is m favor of the diagnosis of thrombosis rathei than 
embolism 

( c ) Simultaneous bilateral occlusion is most often embolic in 
nature, especially if the level of occlusion is below the bifurcation of 
the aorta In umlateial occlusions the vascular status m the opposite 
limb is a diagnostic help, the presence of vasculai obhteiative disease 
favoring the possibility of thrombosis 

In a limb which has suffered an occlusive accident, the characlenstic 
vascular change is loss of the pulse distal to the occlusion Moieovei, 
the insult to the vessel wall at the point of occlusion tends to induce 
spasm of the vessel for a varying length proximal to the occlusion, as 
well as spasm of neighboung vessels The changes m the tissue aie 
the lesult of sudden profound curtailment of the blood supply, and are 
an exaggeiation of the milder, more gradual ischemia of chiomc 
obliterative disease These changes vary, m accordance with the degree 
of impairment of the blood flow Thus, occlusion of a common iliac 
aitery causes prostrating pam, anesthesia, paralysis, blanching and 
coldness of the entire limb and lapid development of gangrene, while 
occlusion below the popliteal artery may cause few or no sjmptoms 

8 Footnote deleted 

9 Olmsted, W H Arteriosclerosis of the Lower Extremities in Diabetes 
Melhtus, Internat Clin 1.195, 1936 



1042 


ARCHIVES OF INTERNAL MEDICINE 


and may result m nothing moie than loss of pulsation in the antenoi 
or posterior tibial aiteiy The maintenance of viability m the limb 
depends on 

(a) The calibei of the vessel blocked Other things being equal, 
the neaiei the occlusion is to the aoita the gi eater the likelihood of 
gangrene 

( b ) The presence of adequate collateial circulation Occlusion of 
an artery in a young person calls into play expansile healthy collateral 
vessels, which may reroute enough blood to save the limb Thrombosis 
in an elderly patient must be compensated for by collateral vessels, 
which may themselves be in an advanced stage of obliterative aiterio- 
sclerosis 

( c ) Extension of the clot Either thiombus 01 embolus may serve 
as a nucleus for a piopagating thrombus, which may extend for a con- 
sideiable length m an arteiy and may occlude the mouths of collateral 

i 

vessels 

X Endow me Dysfunction — In people passing through periods of 
endocrine imbalance, such as young girls with menstrual difficulties 
and women undergoing severe menopausal disordeis, vasospastic phe- 
nomena may develop The penpheial vasculai manifestations may 
involve the uppei or lower extienuties and tend to be symmetric Numb- 
ness, subjective coldness and paresthesias are the commonest complaints 
Objectively, the limbs are cold to the touch and may exhibit a cyanotic 
tinge But there aie neither the episodes of transient asphyctic coloi 
changes nor the evidences of impaired tissue nutrition All the pulses 
aie noimally palpable when the limb is warm, there is no pallor on 
elevation or rubrocyanosis on dependency of the limbs, and there is 
normal response to vasodilating stimuli 

Psychoneurosis affects the peripheral arterial tree in the same man- 
nei as endocrine dysfunction Here too, the complaints occur pre- 
dominantly m women, and are results of a sympathicotonia of central 
origin The clinical manifestations are those described m the section 
on endocrine imbalance 

XI Ergotism 10 — The incidence of ergotism at present is almost 
entirely confined to women of fertile age, their histories revealing pro- 
longed use of ergot during the puerpenum or for control of uterine 
bleeding Recent widespread use of ergot products for the relief of 
migraine has apparently not been attended by instances of vasculai 
damage Outstanding findings are as follows 

10 von Storch, T J C Complications Following the Use of Ergotamine 
Tartrate Their Relation to Treatment of Migraine Headache, JAMA 1,11 
293 (July 23) 1938 
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(a) The lowei limbs are affected earlier and moie often than the 
upper 

(b) Impanment is symmetric 

(c) The symptoms progress fiom tmglmg and ciamps to coldness 
and numbness There are pallor and marbling of the skin, diminu- 
tion of peripheral pulsations, subnoimal or absent oscillometnc lead- 
ings In later stages theie is inadequate response to vasodilating stimuli 

( d ) Gangrene, which develops gradually when the disease is seveie, 
is dry and symmetnc, and the parts separate by mummification 

( e ) The systemic blood pressuie is frequently elevated 

XII Erythrocyanosis 11 — In the diffeiential diagnosis of eiythio- 
cyanosis the following points are noted 

(a) The disease occurs usually m young and middle-aged women 

( b ) Uniform or mottled reddish blue discoloration of the skm m 
the lower half of the legs is characteristic 

(c) Involvement is bilateral and does not extend distal to the 
malleoli 

(d) The affected skm feels cold to the touch and dimples on 
pressure 

( e ) The cncumference of the leg is mcieased by subcutaneous 
infiltiation of fat, and theie may be mduiated nodules m the tissue 

(/) Arterial pulsation is normal, and the vasodilatation 1 espouse is 
normal 

XIII Erythromelalgia 12 — The characteristic signs and symptoms of 
erythromelalgia may be summarized as follows 

(а) It is a disorder chiefly of the lower extremities, marked by a 
paroxysmal throbbing and burning pam in the skill, and accompanied by 
a dusky mottled ledness of the pails 

(б) Pam is induced by warmth and dependency and is leheved by 
cooling and elevation 

( c ) The skm temperature of the extiennty at which distress occurs 
is constant for the individual patient 

( d ) Bounding pulses are piesent, there is no evidence of obliterative 
artenal disease 

11 Telford, E D, and Simmons, H T Erythrocyanosis, Brit M J i’629, 

1936 

12 (a) Smith, L A, and Allen, E V Erythermalgia (Enthromelalgia) of 

the Extremities, Am Heart T 16 175, 1938 ( b ) Mufson, I Clinical Obsena- 

tions in Erythromelalgia and a Method for Its Symptomatic Relief, ibid 13 483. 

1937 (c) Lowenthal, L J A Erythromelalgia in East African Native, East 
African M T 11 397, 1935 
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( e ) Microscopic observation of the capillaries shows that the venules, 
which appear blight red, are increased m number and enlarged to five 
times the normal size 

XIV Phlebitis — This condition may produce arterial lesions both 
directly and indirectly 13 A true periaitenal and even arterial inflamma- 
tion may be set up in the pioximity of a phlebitic vessel 14 Phlebitis 
may simulate acute aiterial occlusion because of spasm of the mam 
arteries of the affected extiemity The spasm is reflex and is mediated 
through the sympathetic nervous system The differential diagnosis is 
based on relaxation of the spasm by vasodilators, chemical, physical, 
or both 

XV Polycythemia 15 — The penpheial vasculai findings in polycy- 
themia aie 

(a) A blue-i ed discoloiation of the skin, obseived as deep rasp- 
berry red 

(b) Increased sensitiveness to cold 

( c ) Paiesthesias of the extiemities 

( d ) Susceptibility to phlebitis, thrombosis and gangrene of the toes 

(e) Engoiged and distended capillaries 

XVI Raynaud’s Disease and Raynaud’s Phenomenon — The oiigmal 
criteria postulated by Raynaud 10 in 1888 were 

(a) Episodes of change m color of the vasospastic type, excited by 
cold and emotion 

(b) Symmetric involvement 

(e) Piedommance m young women 

(d) Normal pulsations m palpable vessels 

(e) Absence of extensive gangrene, or its limitation to minimal 
giades m cutaneous aieas 

13 Homans, J Thrombophlebitis in Legs, New England J Med 218 594, 
1938 

14 Samuels, S S The Diagnosis and Treatment of Diseases of the Periph- 
eral Arteries, New York, Oxford University Press, 1936 Lewis 2n 

15 (a) Harrop, G A, Jr Polycythemia, Medicine 7 291, 1928 ( b ) Weber, 

F P, and Bode, O B Polycythaemia, Erythrocytosis, and Eiythraemia 
(Vazquez-Osier Syndrome) An Epitome Based on Parkes Weber’s Book of 
1921 and the Recent Literature of the Subject, London, H K Lewis & Company, 
1929 ( c ) Norman, I L, and Allen, E V Vascular Complications of Poly- 

cythemia, Am Heart J 13 257, 1937 

16 Raynaud, A G M On Local Asphyxia and Symmetrical Gangrene of 
the Extremities, translated by T Barlow, m Selected Monographs, London, New 
Sydenham Society, 1888 
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To these Allen and Brown 17 have added 

(/) Absence of any disease that may be causal 

(g) Symptoms of at least two years 5 duration 

(h) Absence of obliterative arterial disease pioved by 

(1) Absence of gangrene 

(2) Normal oscillometnc readings 

(3) Normal vasodilatation tests 

(t) Chaiactenstic changes m the capillary bed at maigms of 
the nails 

Tiue Raynaud’s disease is laie (it has been seen once m 4,000 admis- 
sions to the Mayo Clinic) More common is Raynaud’s phenomenon, 
which has been defined by Lewis, 28 Pickering 1S and Hunt 19 as active 
and intermittent closure of small aitenes, the size of the digital artenes, 
supplying the extremities, the clinical signs are discoloration of the 
affected parts, which become waxy or fully cyanotic and aie often 
numb, and their fall m temperatuie to loom tempeiature 

Raynaud’s phenomenon 19 may occur m 

( a ) Normal peisons exposed to low temperatures long enough to 
lower the temperatuie of the blood 

( b ) Persons with “hereditary cold fingers ” 

(c) Patients who have had a local injury to the hands oi feet, and 
workers who use vibiatmg tools 

( d ) Persons with thromboangiitis obhteians 

( e ) Persons with arteriosclerosis obhteians 

(/) Persons with syphilitic aitentis 

( g ) Persons with “rheumatic arteritis ” 

( h ) Persons with the scalenus anticus syndrome 

( % ) Persons with advanced pulmonaiy tuberculosis, leukemia, poly- 
cythemia, lupus erythematosus, chronic malaria, chronic arsenical 
poisoning, osteoporosis or paroxysmal hemoglobinuria 

XVII Scleroderma — This disease is usually considered in associa- 
tion with Raynaud’s disease, to which it may be a sequel Two theories 
are m vogue as to its causation One holds that intei mittent spasm of 
the digital artenes or those of similar size constitutes the original state, 
and that this leads to atiophy and fibrosis of the tissues supplied by the 
vessels The other is that diffuse scleroderma anses from a primary 

17 Allen, E V, and Brown, G E Raynaud’s Disease Affecting Men, 
Ann Int Med 5 1384, 1932 

18 Pickering, G W On Clinical Recognition of Structural Disease of 
Peripheral Vessels, Brit M J 2 1106, 1933 

19 Hunt, J H The Raynaud Phenomena A Critical Review, Quart J 
Med 5-399, 1936 
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distuibance, infectious or toxic, in the skin and subcutaneous tissue, 
leading to a state of subacute or chiomc inflammation, and that fibrous 
changes in tissue 01 vessels are secondaiy to the inflammation 2,1 

This disease affects young women, although it is lare in female chil- 
di en 20 It is usually preceded by asphyctic coloi changes m the affected 
areas Sclerodactylia is present, but swelling is also present Necrosis, 
when it occurs, is superficial Pigmentation of the affected regions is 
common, as are arthritic changes both of the atrophic and of the hyper- 
trophic type The objective signs and tests are those of obliterative 
aitenal disease 

XVIII Th omboangntis Oblitei ans 21 — This disease may occui in 
all races and m all climates Ninety-nine per cent of the patients are 
males The age incidence is from 15 to 45 years, but study of pathologic 
specimens has been strongly suggestive of the possibility of its associa- 
tion, at least, with arteriosclerosis in aged persons It is recognizably 
inflammatory and, although its infectious nature is not established, iso- 
lated instances of its transmission from patient to opeiating surgeon have 
been lecorded 22 Comprehensive statistical studies seem to indicate that 
although smoking may in many cases aggravate the disease, it in itself 
does not pioduce the condition The disease is chronic, with many acute 
exacerbations and long periods of remission In a large proportion of 
the cases some degree of involvement of the vessels of the uppei 
extremity is present The veins are not immune, superficial phlebitis 
is characteristic of the disease Obliterative vascular phenomena aie 
responsible for the symptoms, of which intermittent claudication is 
usually the presenting complaint Pam while at rest may be severe and 
out of proportion to the evident ischemia, changes in the tissues are 
common, and, as mentioned before, superficial migrating phlebitis is 
present m 30 per cent of the patients 

A diagnosis may be made on the basis of the following cntena 

( a ) Age young adult, 15 to 45 years old 

(b) Sex male in 99 pei cent of the cases 

(c) Evidence of obliterative vascular disease — that is, intermittent 
claudication, pallor, rubor and absence of pulses 

(d) Presence of supeificial phlebitis 

(e) Chromcity 

(/) Results of pathologic examination 

20 Wright, I S , and Duryee, A W Treatment of Scleroderma with Mecholyl 
Iontophoresis, Am Heart J 14 603, 1937 

21 Hines, E A , Jr Thrombo-Arteriosclerosis Obliterans A Clinical Studv 
of Two Hundred and Eighty Cases, Proc Staff Meet , Mayo Clin 13 694, 1938 

22 Allen, E V , and Lauderdale, T L Accidental Transmission of Thrombo- 
angiitis Obliterans from Man to Man, Proc Staff Meet , Mavo Clin 11 641, 1936 
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B ANATOMIC STATUS OT VESSELS AND TISSUES 

At first glance, the sepaiation of observations of anatomic status 
into those concerned with vessels and those concerned with tissue maj 
appear artificial Consideration, however, will show that such sepaia- 
tion is absolutely necessary Diagnostic efforts m the study of vasculai 
diseases are directed toward an evaluation of the nature of the actual 
pathologic process present in the vessels and the extent of that piocess 
All the clinical and laboratory tests aie designed to give mfoimation as 
to the status of the vessels involved The changes m the tissue aie the 
end result of the vascular impairment, and help to guide the physician 
m recognizing pi ogress or lack of progress during or after treatment 
Many of these changes are, moreover, due to external causes, such as 
infection and trauma, which modify the lesult of the tieatment 

For purposes of record, compaiison and deteimmation of progress 
we have set arbitiary, but sharply defined, criteria for the varying 
degrees of vascular involvement In this way only can the statement 
“Degree of vascular obliteration 2 plus” have any significance when 
one examines a patient a year after the original admission, or when one 
compares cases with those reported elsewheie Grading of the disease 
process m the limb as a whole is arrived at after a comprehensive evalua- 
tion of the following factors or observations 

I Vasculai Anatomic Status — Changes m the anatomic status of the 
blood vessels may be classified as follows 

(a) Pallor and rubrocyanosis Palloi may be demonstiated m a 
limb with impaned circulation by elevating the limb to an angle of 45 to 
60 degrees foi two minutes, with the patient supine Under these con- 
ditions, the degree and rate of development of palloi are an index of 
ischemia m the limb The effect of gravity may be augmented by having 
the patient alternately flex and extend the foot at the ankle, the musculai 
contractions helping to expel the venous blood which might otherwise 
color the skin The pallor is usually most striking over the sole In 
this test the rapid onset (within a few seconds) of cadaveious palloi i^ 
graded 4 plus Slight pallor at the end of the two minute penod is 
graded 1 plus 

To demonstiate rubrocyanosis, the limb is allowed to hang down, 
free and relaxed, for a maximum of two minutes Prompt onset of an 
intense reddish purple discoloration m the toes or foot is a maximal 
(4 plus) reaction Absence of appreciable rubiocyanosis at the end of 
the two minute pei lod constitutes a normal response and is graded zero 
The conditions for both proceduies are an envii onmental tempera- 
ture of 25 to 28 C (77 to 82 4 F ) and a preliminary rest period of at 
least tlni ty minutes m the horizontal position 
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In this test, what we observe directly is only the status of the cutane- 
ous capillaries and subpapillary venules, only by inference do we 
estimate the state of circulation in the part Pallor is the resultant 
effect of arterial deficiency plus gravity Rubiocyanosis is caused by 
the engorgement of dilated venules and capillaries with blood, with 
marked slowing of the blood flow and excessive deoxygenation 

( b ) Palpation of pulses The extremities to be examined should be 
warm When the pulsation is but faintly felt it is advisable to take the 
precaution of checking with the patient’s or the examiner’s heart rate 

In the lower extremity the pulsation of the dorsalis pedis, anterior 
tibial, postenor tibial, popliteal and femoral aitenes should be searched 
for In the upper extremity the pulsations of the ladial, ulnar, brachial, 
and axillary arteries should be examined 

In this examination, minimal giadmg (0) couesponds to the absence 
of pulsation of a vessel From this base, the intensity of pulsation is 
graded upward from famt (1 plus), to full (4 plus) 

( c ) Temperature of the extremities by palpation The back of the 
fingers may be used to evaluate differences in tempeiatuie, the results 
are graded as warm, cool or cold 

( d ) Oscillometnc measurement This is a mechanical method for 
measuring the total expansion of a limb, at a given level, with each 
aitenal pulsation Its value rests chiefly on the fact that it lecords these 
pulsations graphically, and thus provides a permanent record for noting 
progress and for comparison In our experience, it is not essential for 
diagnosis, nor may it be uniformly lehed on to gage peripheral vascular 
status For example, it is by no means rare for a patient to improve 
clinically and physiologically while showing a simultaneous steady 
decrease in oscillometnc readings 

Under ideal conditions, a recording oscillometei should be used , but 
it should be understood that standards of normal must be established 
for each individual oscillometer These normal leadings then cor- 
respond to the maximal (4 plus) grade m oui scheme, while the absence 
of pulsation is grade 0 As in the palpation of pulses, basic conditions 
must be established, including a preliminary rest period, supine posture 
and sufficient heat to insure fully warm extremities In cases of 
impending or actual gangrene or of acute vascular accident, oscillometnc 
observations should not be made, to avoid further trauma from pressure 

(<?) Roentgenographic examination Both roentgenography and 
arteriography have been called on for aid m diagnosis 

(1) Demonstration of calcification m a vessel by roentgenography 
does not necessanly signify vascular obliterative disease, although it may 
be used as an index of degenerative change m the vessel wall The 
atherosclerotic process which eventually leads to vascular occlusion and 
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obliteration may foi a long time consist only of mtimal and subintimal 
changes, which are not demonstrable by roentgenograph} 

(2) Arteriography, on the other hand, enables one to demonstiate 
the actual circulatory pattern of a limb It does not always differentiate 
spasm from organic obstruction For a complete description of methods 
and evaluation of results m artenography, the readei is refened to 
special discussions of the subject 23 

(/) Capillary microscopy The use of capillary microscopy as a 
means of demonstiatmg the piesence of organic vascular change is still 
unreliable as a diagnostic procedure 

II Anatoimc Status of Tissues — Changes in the anatomic status of 
the tissues may be classified as follows 

(a) No changes 

(b) Trophic changes without lesions, evidenced by deformed, dry 
and brittle nails The skm may be dry and flaky and may show marbling 
The veins are collapsed if no varicosities exist Theie is absence of hail 
growth Musculai atiophy exists, and l oentgenologic examination may 
leveal bony atrophy 

(c) Infections, classified as 

1 Dermatophytosis 

2 Cellulitis 

3 Lymphangitis 

4 Phlebitis 

5 Ulceration, (i) superficial oi (n) deep 

( d ) Gangrene 

1 Following infection 

2 Followed by infection 

( e ) Loss of membeis 

C PHYSIOLOGIC CHANGES 

The physiologic changes refer mainly to three factors, intermittent 
claudication, spasm and vascular reserve 

I Intermittent Claudication — The pam of intermittent claudication 
is exercise pam This is symptomatic, and its appearance varies with 
the rapidity and force of muscular contractions It comes on more 
readily m cold than m warm weather 

The time it takes for the pam to appear is called claudication time 
This can be measured by an ergometer, or simply m terms of the 

23 (a) Bird, C E The Use m Artenography of Substitutes for Colloidal 
Thorium Dioxide, J A M A 109 1626 (Nov 13) 1937 (b) Yater, W M 

Thorotrast Arteriography of the Extremities, Am Heart J 12 383, 1936 ( c ) 

Allen, E V How Arteries Compensate for Occlusion, Arch Int Med 57 601 
(March) 1936 
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distance, m blocks, that a peison can walk befoie the pain sets in 
Claudication pam nevei occuis on rest, and this fact diffei entiates it from 
aithritic and neuritic pam Whatevei the physiologic basis for this pam 
may be, it is evidently the lesult of an insufficient blood supply to the 
muscle m activity 

In oui clinic we giade claudication time fiom 0 when the patient 
can walk unlimited distances without pam to 4 plus, when he cannot 
walk more than one half of a city block without the onset of pam 
Absence of claudication pam does not guaiantee adequacy of circulation, 
as the patient may be pi evented from walking by other disease, such as 
angina pectoris 

II Spasm — Spasm of blood vessels is a factor of impoitance m 
both the oi game and the functional diseases of the peripheral vascular 
tree In the so-called functional group, in which no organic involvement 
is demonstrable, spasm alone is responsible for the clinical manifesta- 
tions This gioup includes acrocyanosis, eiythiocyanosis, ceitam 
involvements of the cential nervous sj^stem, anterior poliomyelitis, 
syringomyelia, some tumois of the biam and spinal coid, \asomotor 
imbalance of endocnne or psychoneurotic origin and eaily stages of 
eigotism and Raynaud’s disease 

In the organic vascular diseases, spasm of vaiymg degiee is an asso- 
ciated factor The problem heie is to deteimme how much of the 
cnculatory inadequacy is due to spasm and how much to oiganic involve- 
ment It is well known that spasm may simulate all the clinical mani- 
festations of acute or chronic obliterative disease To estimate the 
piesence or absence of spasm we apply the vasodilatation tests described 
m the following section 

III Vasculai Reset vc — V ascular i eserve 1 epresents the maximal 
capacity of a limb for blood cuculation Deteimination of vascular 
leseive is the most important single objective m the study of the patient 
It is a measure of the degree of vascular involvement, and it is an 
indication of how much we may hope to attain with suitable theiapy 
Periodic determination of vascular reseive is useful also as a means 
of following changes m the vascular status of the patient’s limbs 

All tests at piesent available for the estimation of vascular reserve 
aie based on the capacity for peripheral vasodilatation In older of 
physiologic efficiency, the vasodilatation tests are spinal anesthesia, gen- 
eral anesthesia, peripheral nerve block, paravertebral block, the thermal 
reflex vasodilatation test and mtiavenous injection of typhoid vaccine 
Tests involving estimation of histamine flare, saline wheal absoiption, 
oxygen saturation of the blood, venous filling and mtiavenous injection 
of sodium nitnte are not in common use, and are not essential for diag- 
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nosis In our clinic we have found the thermal reflex vasodilatation 
test 24 and the peripheral nerve block 25 both feasible and dependable 
The thermal test has its basis in the fact that when the blood has been 
warmed peripheially reflex generalized vasodilatation is induced when 
it reaches the medullary heat-regulating centers, as a mechanism foi 
dissipating the excess heat This release of vasoconstrictoi influence 
lesults m increased blood flow to the limbs, and may be estimated by 
measuring the changes m skin temperatuie 

The test is performed as follows After a period of exposuie, 
during which the limbs to be tested reach a constant tempeiatuie, the 
limbs not being tested aie immersed in watei at 108 to 112 F , and the 
upper part of the body is wrapped m a blanket Temperatuie leadings 
are then taken for thnty minutes fiom the dorsal aspect of the teiminal 
phalanx of the toes or fingers of the exposed limbs 

The reflex paialysis of vasoconsti iction is, of course, incapable of 
affecting oiganic nai rowing of vessels, incomplete vasodilating l espouse 
is thus indicative of organic obliterative change in the vessels When 
inadequate vasodilatation is obseived in the reflex vasodilatation test, 
the results are checked by the direct method of penpheral nene block 
This test involves direct blocking of vasoconstrictor impulses to the 
medium-sized and small arteries In the upper extremity the ulnai oi 
median nerves aie blocked, in the lower extremity the posterioi tibial and 
the common peroneal nerves A 1 per cent solution of procaine h\ di o- 
chlonde (without epinephrine) is infiltrated about the nerve, the block 
is then tested by checking the development of anesthesia or paialysis 
along the area of distribution of the nerve 

In both the leflex vasodilatation and the neive block tests, the use 
of skm temperature to 30 5 C (86 9 F ) in the toes oi to 32 C (89 6 F ) 
in the fingeis is considered a normal response and is graded 4 plus 
Complete failuie of the skin temperature to rise above the starting 
level, even after peripheral block, denotes far advanced impairment of 
the vascular leserve and is graded 0 

24 (a) Gibbon, J H, Jr, and Landis, E M Vasodilatation in the Lower 

Extremities m Response to Immersing the Forearms m Warm Watei, J Clin 
Investigation 11*1019, 1932 (b) Landis, E M, and Gibbon, J H , Jr A 

Simple Method of Producing Vasodilatation m the Lower Extremities, with Ref- 
erence to Its Usefulness in Studies of Peripheral Vascular Disease, Arch Int 
Med 52 785 (Nov ) 1933 (c) Saland, G , Klein, C , and Zurrow', H The 

Thermal Reflex Vasodilatation Test in Peripheral Vascular Disease, Am Heart J 
17 581, 1939 

25 Scott, W J M , and Morton, J J Differentiation of Penpheral Arterial 
Spasm and Occlusion in Ambulatory Patients, J A M A 97 1212 (Oct 24) 1931 
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D functional capacity of patient 

Patients are grouped m four classes, accoidmg to their functional 
capacity 

Class I Patients who have organic disease without symptoms 
Class II Patients who have organic disease (a) with minimal 
symptoms or (b) with moderate symptoms 

Class III Patients who have organic disease and are bedndden 
because of severe pam at rest, gangrene or infection 

Class IV Patients who have symptoms without organic disease, 
“functional” group 

SUMMARY 

The classification of a case of penpheial vascular disease may be 
outlined as follows 

A Etiologic Agents 

B Anatomic status 
I Vascular 
II Tissue 

C Physiologic status 
I Claudication 
II Spasm 

III Vascular reserve 


D Functional status 
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DISEASES OF THE HEART 

A REVIEW OF SIGNIFICANT CONTRIBUTIONS MADE DURING 1939 

ASHTON GRAYBIEL, MD 
With the Editorial Assistance of Pall D White, MD 

BOSTON 

A suivey of the liteiatine on cai dio vascular disease for the yeai 
1939 leveals much that is of mteiest and importance The most notable 
contributions aie m regard to congenital heait disease, essential hyper- 
tension and the tieatment of subacute bacterial endocarditis Conse- 
quently, these subjects have been leviewed in consideiable detail 

ELECTROCARDIOGRAPHIC STUDIES 

It has long been known that an electrocai diogi am similar to that 
for the adult can be obtained for the embryo at a very eaily age 
With the improvement in amplifying appaiatus, electiocai diogi aphic 
features regarded as chaiactenstic of adults have become lecognizable 
m the electrocardiogi ams of progiessively youngei embiyos The studies 
cai ried out by Hoff and his associates 1 are intei estmg in that these 
investigators weie able to secuie lecords from the time that the heait 
beat of the chick embiyo was just commencing tluough the penod of 
rapid anatomic change leading to the establishment of the fundamental 
regional divisions of the heait They found the eaihest visible manifes- 
tations of cardiac activity in embiyos of 29 to 30 horns and obtained 
the first consistent lecoids when the embiyos weie 30 to 36 hours old 
(fifteen somite chick) At this stage the tubulai heait is neaily stiaight 
and consists almost entirely of ventncle The electrical lecoid takes the 
foun of a cuive which first drops below, then rises above, the isoelectric 
line Slightly older embij'-os (sixteen to seventeen somites) yield rec- 
ords showing a shaip downwaid deflection, followed by a lapid retuin 
to, or above, the baseline, which probably lepiesents the QRS complex 
Shoitly theieafter the P wave appeals, and by the fouith day of devel- 
opment the electrocai diogi am has assumed substantially its adult con- 
figuration Thus the authors weie able to tiace the appeal ance of all 

From the Cardiac Clinic of the Massachusetts General Hospital 
1 Hoff, E C , Kramer, T C , DuBois, D , and Patten, B M The De\ elop- 
ment of the Electrocardiogram of the Embnonic Heart, Am Heart J 17 470, 1939 
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the major featuies of the adult electiocardiogiam in hearts so young 
that they lacked completely either a neive supply or a specialized 
smoventncular conduction system 

Ashman and Hidden , 2 as a lesult of their electrocardiographic 
studies, have become convinced that the electrical axis of the T wave 
is of more significance than mere amplitude of the T wave expiessed 
in millimeters To test this theory, they selected at landom several 
hundred electrocardiogi ams Those tracings showing intraventricular 
block, or inversion of the T waves in lead I were eliminated, as weie 
nearly all those showing inversion of the T waves m lead III Foi 
each remaining electiocardiogram the average QRS axis and the latio 
of the height of T x to the height of T 3 weie detei mined This ratio is a 
convenient way of expressing the electncal axis of the T wave When 
their lesults weie plotted on a diagram, it was found that the latio 
Tj/Tg is noimally smallei the moie the average electrical axis inclines 
to the right, and vice versa A line was diawn in the diagram separating 
the normal fiom the abnormal T wave axes at different QRS axes 
The decision as to whether or not a given T wave axis is abnormal 
depends on the average electncal axis of the QRS complex It vas 
found that in heart disease a rightward deviation of the electncal axis 
of the T wave is a common finding An exception to the general rule 
is seen when the S waves are prominent, especially in leads II and III 

A number of authors 3 have continued the study of the chest leads 
m electrocardiograms The variations in noimal peisons aie being 
carefully worked out, and also the abnormalities obseived m various 

2 Ashman, R, and Hidden, E H Rightvvaid Deviation of the Axis of the 
T-Wave as an Index of Myocardial Disease, Ann Int Med 12 1682, 1939 

3 Robinson, R W , Contratto, A W, and Levine, S A The Precordial 
Lead I Findings for Patients with Normal Hearts and Those with Heart Disease 
Other Than Myocardial Infarction, Arch Int Med 63 711 (April) 1939 Contratto, 
A W , Robinson, R W , and Levine, S A The Precordial Lead II Find- 
ings for Patients with Myocardial Infarction, ibid 63 732 (April) 1939 Vander 
Veer, J B , and Edwards, J C The Significance of Small and Absent Initial 
Positive Deflections in the Chest Lead, Am J M Sc 197 663, 1939 Stewart, 
H J , and Bailey, R L The Effect of Posture on the Form of Precordial Leads 
of the Electrocardiogram, Am Heart J 18 271, 1939 Geiger, A J A Com- 
parative Study of Precordial Leads IV R and IV F, ibid 18 715, 1939 Wood, P , 
and Selzer, A Chest Leads m Clinical Electrocardiography, Brit Heart J 1 49, 
1939 Kossmann, C E , and de la Chapelle, C E The Precordial Electro- 
cardiogram in Myocardial Infarction II Observations on Cases of Infarction of 
the Posterior Wall of the Left Ventricle, Am Heart J 18 344, 1939, III Observa- 
tions on Cases in Which the Lesions Were Diffuse, ibid 18 352, 1939 Mortensen 
V Analysis of the QRS Complex m Precordial Leads in Cases of Anterior Wall 
Infarction, Nord med (Hospitalstid ) 3 2749, 1939 Evans, C Changes in the 
Chest Lead Electrocardiogram in Coronary Thrombosis, Brit Heart J 1 161, 2939 
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types of heart disease and m other disease states In general, the find- 
ings are similar to those previously reviewed 4 5 6 

Only a few years ago inversion or marked lowering of the T -waves 
in leads I or II of the electrocardiogram was neatly always regarded 
as evidence of coionary heart disease Gradually there has accumulated 
a list of exceptions to this rule, which has now reached such proportions 
that theie is danger of underestimating its significance Barker and his 
associates 0 have shown that marked lowering of the T waves may occui 
as a result of overventilation (alkalosis) and that acidosis is accom- 
panied by an increase in the amplitude of T Thomson 0 studied the 
effect of postassium salts on the foim of the electrocardiogram and 
found that in general the admmistiation of potassium salts was followed 
by an increase in the height of the T waves Mamzer and Krause 7 
believe that they have found that fear may cause mveision of the T 
waves and alteiations in the form of the ST segments 

ROENTGENOLOGIC STUDIES 

Laubry and his associates 8 have published an excellent atlas, beau- 
tifully illustrated, on the roentgen examination of the heait and gieat 
vessels This work includes the many impoitant studies made in the 
authors’ clinic ovei a period of ten yeais The telei oentgenography and 
roentgenokymography of the normal heart and aoita are lllustiated in 
great detail, aftei which consideiation is given to the vaiious etiologic 
types of heait disease 

Theie has been continued interest m the determination of heait size 
by means of the loentgen ray 9 Of paiticular intei est is the report of 

4 Graybiel, A , and White, P D Diseases of the Heart A Review of 
Significant Contributions Made During 1937, Arch Int Med 61 808 (May) 
1938, A Review of Significant Contributions Made During 1938, ibid 63 980 
(May) 1939 

5 Barker, P S , Shrader, E L , and Ronzoni, E The Effects of Alkalosis 
and of Acidosis upon the Human Electrocardiogram, Am Heart J 17 169, 1939 

6 Thomson, WAR Potassium and the T-Wave of the Electrocardiogram, 
Lancet 1 808, 1939, Effect of Potassium on the Heait in Man, Brit Heart J 1 
269, 1939 

7 Mamzer, F , and Krause, M Changes of the Electrocardiogram Brought 
About by Fear, Cardiologia 3 286, 1939 

8 Laubry, C , Cottenot, P , Routier, D , and Heim de Balsac R Radiologic 
clmique du coeur et des gros vaisseaux, Paris, Masson & Cie, 1939 

9 Jonsell, S A Method for the Determination of the Heart Size by Telcroent- 
gcnography (A Heart Volume Index), Acta radiol 20 325, 1939 Comeau, W J , 
and White, P D An Evaluation of Heart Volume Determinations bj the 
Rohrer-Kahlstorf Formula as a Clinical Method of Measuring Heart Size, Am 
Heart J 17 158, 1939 Hodges, F J Deteimination of Heart Size, Am J 


(Footnote continued on nr t pane) 
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Jonsell, who descnbes a method of detei mining heait volume based on 
the Rohrer-Kahlstoi f foimula Teleroentgenogiams aie taken simul- 
taneously in two directions at light angles, at a predetei mined moment 
of the heart cycle, with the aid of a cathode lay oscillograph Jonsell 
also descnbes a simplification of the method whereby the heart size is 
more easily determined and without the use of special apparatus 

Robb and Steinberg 10 have added to their pievious studies on the 
visualization of the chambers of the heart and gieat vessels by means 
of the radiopaque solution diodrast Although this method must still 
be considered as being in an expeinnental stage, the lesults are indeed 
impressive The value of then pioceduie is excellently illustrated m the 
study of a patient with coi pulmonale 

Routiei and Heim de Balsac 11 made caieful roentgenologic studies 
of the modifications of the tiachea and bionchi associated with various 
types of heait disease They review and extend some of their previous 
observations, showing that the left amide as it enlaiges meets the 
tiacheal bifui cation, into which it penetiates like a wedge “The two 
bionchi, being thus foiced apait, cuive in upon the aunculai cap like 
a 1 idei ’s legs gi lppmg his horse ” This widening of the angle of the 
tracheal bifurcation may leach neatly 180 degiees (noimally 50 to 80 
degiees), and the bionchi may be consideiably constricted The authors 
descnbe the anatomic relationship between the an passages and the 
pulmonary ailenal tiee m normal peisons and m patients with vanous 
types of heart disease When the pulmonary aitenes aie dilated, the 
bionchi, having to support abnormal weights, aie drawn together so 
that the angle of the tiacheal bifurcation becomes more acute In 
extreme cases the calibei of the bronchi, especially that of the left, is 
i educed 


Roentgenol 42 1, 1939 Terrill, E H Determination of the Cardiac Area 
Simple Substitutes for the Two-Meter Film, the Orthodiagraph, and the Plammeter 
in Application of the Hodges-Eyster Formulae, ibid 42 611, 1939 Ungerleider, 
H E , and Clark, CP A Study of the Transverse Diameter of the Heart 
Silhouette with Prediction Table Based on the Teleoroentgenogram, Am Heart J 
17 92, 1939 Kuttner, A G, and Reyersbach, G The Value of Special Radio- 
logic Procedures in Detecting Cardiac Enlargement in Children with Rheumatic 
Fleart Disease, ibid 18 213, 1939 

10 Robb, G P, and Steinberg, I Visualization of the Chambers of the 
Heart, the Pulmonarj' Circulation, and the Great Blood Vessels in Heart Disease, 
Am J Roentgenol 42 14, 1939, Visualization of the Chambers of the Heart 
and the Thoracic Blood Vessels in Pulmonary Heart Disease A Case Study, 
Ann Int Med 13 12, 1939 

11 Routier, D , and Heim de Balsac, R Tracheal and Bronchial Modifications 
During the Course of Certain Cardiopathies Affecting the Pulmonary Artery, 
Brit J Radiol 12 150, 1939 
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CONGENITAL HEART DISEASE 

Patent Ductus A) tei iosus — The ductus artenosus is a vascular chan- 
nel connecting the pulmonaiy attery and the aorta In the fetus the 
blood pumped into the pulmonary artery is shunted thiough the ductus 
into the aorta, the lungs being nonfunctioning At birth the ductus 
normally closes m the manner so well shown by Barcroft and his 
associates Raiely there is a failure of closuie and the ductus lemams 
patent throughout life This is the third most common congenital 
cardiovasculai abnoimahty After birth, of couise, the flow of blood 
m the ductus is from the aoita to the pulmonary aiteiy The added 
burden thus placed on the heait is dnectly propoitional to the -volume 
of shunted blood This burden is often sufficient to pioduce congestive 
failure and death at an early age Furthennoie, subacute bactenal 
endaitentis develops as a complication in about one fouith of the 
cases, with death as a neaily inevitable consequence 

The possibility of ligating or otherwise obliterating the patent ductus 
has long been considered and even attempted, but last year the hist 
successful ligation m man was leported by Gioss and Hubbaid 12 The 
patient was a girl 7y 2 years of age, who bore the opeiation veiy well 
and who recoveied uneventfully in a shoit time 

Gross 13 describes the opeiative procedure which he successfully used 
m 4 cases An incision is made thiough the third left intercostal space 
from the sternum to the midaxillaiy line, and the rib above is divided 
at the costochondral junction Opening the pleuial cavity allows the 
lung to collapse, and an appropriate incision m the pleuial covenng 
of the mediastinum leads dnectly to the ductus artenosus The diametei 
of the ductus has little bearing on the possibility of ligating it, but the 
length is important, if the length is 0 5 cm oi moie, it can be easil} 
ligated 

Hubbard and his associates 14 have cntically evaluated the indica- 
tions for suigical ligation of a patent ductus aitenosus It is their 
opinion that retardation of giowth, penpheial signs of an arteriovenous 
shunt of consideiable magnitude oi evidence of cardiac insufficiency are 
the impoitant indications for operation They rightly point out that 
while ligation of a patent ductus may lessen or lemove the dangei of 

12 Gross, R E , and Hubbard, J P Surgical Ligation of a Patent Ductus 
Arteriosus Report of First Successful Case, JAMA 112 729 (Feb 25) 
1939 

13 Gross, RE A Surgical Approach for Ligation of a Patent Ductus 
Artenosus, New England J Med 220 510, 1939 

14 Hubbard, J P , Emerson, P W, and Green, H Indications for the 
Surgical Ligation of a Patent Ductus Artenosus, New England T Med 221 481, 
1939 
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subacute bacterial endarteritis, there is no definite proof of this The 
optimum age for operation would seem to be m childhood before the 
second decade, when the incidence of subacute bactenal endarteritis 
mci eases, and after the period of infancy 

Congenital “Aneurysmal” Dilatation of the Left Auucle — Semans 
and Taussig 15 describe an enoimous saccular dilatation of the left auricle 
m a 5 year old child It is thought to have been due to a congenital 
abnoimahty either in the blood supply of the affected area or in the 
auricular myocardium The authors reviewed the peitment literature 
but were unable to find an}’’ record of a sacculai dilatation of the left 
auucle that was believed to have been due to a congenital abnoimahty 

RHEUMATIC HEART DISEASE 

Causes — The etiologic factors of rheumatic fever remain unknown 
A prehmmaiy leport 10 desciibmg a pleuropneumonia-like organism 
obtained fiom rheumatic exudates has not been substantiated 

Eagles and Biadley, 17 m then latest report, present good evidence 
that a specific virus is not present m the lesions of rheumatic fever 1 hey 
were unable to confirm the observation that lheumatic exudates yield 
“elemental y bodies” on centrifugation which are specifically agglutinated 
by the seium of patients with active rheumatic fever They obtained 
just as man) positive agglutinations with serum from patients with 
nonrheumatic arthntis as with serum from patients with rheumatic 
fever Furthermore, m cases of lheumatic fever there w f as not found 
to be any relationship between the positive agglutination test and the 
clinical activity of the disease 

Coburn and Pauli 18 have demonstrated secondaiy antigens and anti- 
bodies m patients with rheumatic fever Reference should be made to the 
original article for the details of their theory and experiments 

Labor atoiy Tests — One of the most difficult and important pioblems 
arising from the treatment of patients with lheumatic heait disease is 
that of determining whethei or not active rheumatic infection is present 
Much help is derived, in the solution of this problem, from a study of 
the white blood cells and a determination of the red blood cell sedimen- 
tation late Moie accurate standards than have heretofore been avail- 

~~ ~ ~~ ~ / 

15 Semans, T H , and Taussig, H B Congenital “Aneurysmal” Dilatation of 
the Left Auricle, Bull Johns Hopkins Hosp 63 404, 1938 

16 Swift, H F , and Brown, T M Pathogenic Pleuropneumonia-like Micro- 
oigamsms from Acute Rheumatic Exudates and Tissues, Science 89 271, 1939 

17 Eagles, G H , and Bradley, W H The Agglutination of Suspensions of 
Virus-like Particles Prepared from Exudates m Acute Rheumatic Fever, Quart 
J Med 8 173, 1939 

18 Coburn, A F, and Pauli, R H Precipitinogen in Serum Prior to Onset 
of Acute Rheumatism, J Exper Med 69 143, 1939 
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able have been published by Osgood and bis coips of woikeis 19 They 
detei mined the total, diffeiential and absolute leukocyte counts and 
sedimentation lates of healthy persons m four age groups, namely, 
4 to 7, 8 to 14, 15 to 18, and 19 and over They did not find within the 
groups any significant age oi sex difference in the total, diffeiential 
or absolute leukocyte counts or m the sedimentation rates The group 
differences in legard to the white blood cells are given in detail In 
legard to the sedimentation rate, the findings weie generally the same 
for each gioup The greatest number of determinations fell in the lower 
ranges, and a late of 15 mm m foity-five minutes repiesented the 
uppei limit of noimal % alues, it included 80 pei cent of the lesults 
Higher values, they believe, were due to chronic infection m the tonsils, 
teeth oi sinuses not detectable in the loutine physical examination 

Schultz and Rose 20 studied the “foi mol gel” reaction in the blood 
of patients with rheumatic fever, and their lesults suggest that this test 
may be a valuable aid m the diagnosis of active lheumatic caiditis The 
test consists in adding 2 drops of a 40 per cent solution of formaldehyde 
to 1 cc of the serum to be tested With normal serum no obvious 
change occurs, but with pathologic seium an opaque gel foims This 
gel foimation is mvaiiably associated with hypei globuhnemia, although 
othei factors may be important It is intei esting that the mci eased 
sedimentation late of led blood cells has a similar association Schultz 
and Rose found that in vanous febrile illnesses of nomheumatic origin 
theie was a paiallehsm between the “formal gel” test and the sedimenta- 
tion rate but that m childien as in adults with lheumatic carditis the 
results were unique Eaily in the couise of lheumatic fevei negative 
“fonnol gel” reactions aie fiequently associated with very rapid sedimen- 
tation lates With the development of active carditis, positive “foimol 
gel” reactions may appear when the sedimentation rate has actually 
decreased, and dm mg convalescence the sedimentation rate ma) di op 
to veiy low levels while the "formol gel” reaction remains stiongly 

19 Osgood, E E , Baker, R L , Brownlee, I E , Osgood, M W , Ellis, D 
M , and Cohen, W Total Differential and Absolute Leukocyte Counts and 
Sedimentation Rates of Healthy Adolescents Fifteen to Eighteen Yeais of Age, 
J Lab & Clin Med 24 905, 1939, Total, Differential and Absolute Leukocyte 
Counts and Sedimentation Rates of Healthy Children Four to Seven Years of Age, 
Am J Dis Child 58 61 (July) 1939, Total, Differential and Absolute Leuko- 
cyte Counts and Sedimentation Rates for Healthy Children Standards for Chil- 
dren Eight to Fourteen Years of Age, ibid 58 282 (Aug ) 1939 Osgood, E E , 
Brownlee, I E , Osgood, M W , Ellis, D M , and Cohen, W Total Differential 
and Absolute Leukocyte Counts and Sedimentation Rates Determined for Healthy 
Persons Nineteen Years of Age and Over, Arch Int Med 64 105 (July) 1939 

20 Schultz, M P , and Rose, E J The Formol-Gel Reaction in Rheumatic 
Fever An Aid in the Diagnosis of Active Carditis, Pub Health Rep 54 248, 
1939 
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positive In other woids, the lattei test is apparently moie specific foi 
active rheumatic caiditis 

Clinical Features — Although the mam clinical featuies of rheumatic 
heart disease have been known for a long time, many details still await 
clarification The natural evolution of a disease with such widespread 
and diverse manifestations as rheumatic fevei can be fully understood 
only as a result of studying large numbers of patients thioughout their 
lifetime This will require the work of many investigators ovei a long 
period Additions to the knowledge of the clinical course of rheumatic 
fever are being made conti nually, and some day understanding of this 
disease will be complete Last year a numbei of papers 21 appeared 
dealing with widely varied aspects 

Ritchie, in the St Cyres Lecture for 1939, bi ought the discussion 
of acute rheumatic carditis up to date He stresses the great individual 
variations in the l espouse to rheumatic fever and makes the interesting 
statement that even though the valves lemam intact the myocaidial 
lesions may lead to hypertrophy and dilatation of the heart Jones and 
Mote have confiimed earlier experience that a close relationship exists 
between acute infections of the upper lespuatory tract and initial or 
recuirent attacks of rheumatic fevei Bland and Jones find that about 
30 per cent of young patients aie left without demonstrable damage 
to the heart after their initial attack of lheumatic fevei In a ten year 
follow-up study of 314 such patients they found that signs of permanent 
valvular deformity developed in 25 per cent later on This delayed 
appearance of heait disease was associated with recurrent rheumatic 
fever m two thirds of the group, while m the lemammg third it devel- 
oped insidiously Massie and Levme studied the prognosis and sub- 
sequent developments in acute rheumatic pencaiditis They found that 

21 Ritchie, W T Acute Rheumatic Carditis, Lancet 2 582, 1939 Jones, 
T D , and Mote, J R The Clinical Importance of Infection of the Respiratory 
Tiact in Rheumatic Fever, JAMA 113 898 (Sept 2) 1939 Altschule, M D 
The Relation Between Prolonged P-R Interval and Auricular Fibrillation m 
Patients with Rheumatic Heart Disease, Am Heart J 18 1, 1939 Gauld, R L , 
Ciocco, A , and Read, F E M Further Observations on the Occurrence of 
Rneumatic Manifestations in the Families of Rheumatic Patients, J Clin Investiga- 
tion 18 213, 1939 Bruetsch, W L Chronic Rheumatic Brain Disease as a 
Cause of Mental Disorders, Ztschr f d ges Neurol u Psychiat 166 4, 1939 
Juster, I R The Significance of Rheumatic Activity m Chronic Rheumatic Heart 
Disease II A Method of Classification, Am Heart J 17 669, 1939 Aschoff, 
L Visceral Rheumatism During Childhood, Arch f Kinderh 116 145, 1939 
Bacal, H L , and Struthers, R R Rheumatic Infection in Childhood Effect of 
Surgical Operations on Blood Sedimentation Rate, Canad M A J 40 140, 1939 
Bland, E F, and Jones, T D Delayed Appearance of Heart Disease After 
Rheumatic Fever, JAMA 113 1380 (Oct 7) 1939 Massie, E, and Levine, 
S A The Prognosis and Subsequent Developments m Acute Rheumatic Peri- 
carditis, ibid 112 1219 (April 1) 1939 
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although pericarditis is often associated with severe rheumatic infec- 
tion yet, if the valves aie spared, recovery is essentially complete, and 
the prognosis is good 

Treatment — We have previously reviewed the results of investi- 
gators who have tested the therapeutic value of sulfanilamide in rheu- 
matic fever It was shown that the drug not only is of no value but 
actually aggravates the disease Coburn and Moore 22 have demon- 
strated further that sulfanilamide when administered to rheumatic 
subjects after the onset of streptococcic infection of the thioat does not 
prevent rheumatic recrudescences However, these mvestigatoi s, as 
well as Thomas and France, 231 have found that daily administration 
of small amounts of sulfanilamide (1 to 3 Gm ) piovides almost certain 
protection against infection by the hemolytic streptococcus and rheu- 
matic activity Coburn, in a personal communication, urges caution 
m the use of sulfanilamide, the study still being in the experimental 
stage 

There have been further reports on the beneficial effect of fever 
therapy in chorea and m acute rheumatic fever 2ub c d It must be remem- 
bered nevertheless that this pioceduie is still new and that more work 
needs to be done befoie it can be geneially leconnnended 

BACTERIAL ENDOCARDITIS 

Streptococcus Vmdans Endocarditis — Two excellent reviews 
appeared m 1939 on endocarditis due to Streptococcus vindans Mid- 
dleton and Buike 24 analyzed 88 cases obseived at the Wisconsin Gen- 
eral Hospital On the whole, their findings are m accord with present 
day views regarding this disease Contrary to the usual teaching, they 
state that congestive heart failure may sometimes attend or mask this 
condition Therapy was uniformly unavailing and included such means 
as sodium cacodylate, lmmunotransfusions and the roentgen lay There 
was one instance of healed endocarditis 

22 Coburn, A F , and Moore, L V The Prophylactic Use of Sulfanilamide 
in Streptococcal Respiratory Infections, with Especial Reference to Rheumatic 
Fever, J Clin Investigation 18 147, 1939 

23 (er) Thomas, C B , and France, R Preliminary Report of the Prophylactic 

Use of Sulfanilamide in Patients Susceptible to Rheumatic Fever, Bull Johns 
Hopkins Hosp 64 ; 67, 1939 (6) Bauer, E L Further Studies on the Tieatment 

of Chorea and Rheumatic Infection by Fever Induction, Am J M Sc 198 224, 
1939 (c) Simmons, E E , and Dunn, F L Fever Therapy in Acute Rheumatic 

Disease, Arch Phys Therapy 20 547, 1939 ( d ) Ishmael, W K The Use of 

Autohemotherapy Reinforced with Artificial Fever in Treatment of Rheumatic 
Disease, J Oklahoma M A 32 337, 1939 

24 Middleton, W S , and Burke, M Streptococcus Viridans Endocarditis 
Lenta A Climco-Pathologic Analysis of the Experience in the Wisconsin 
General Hospital, Am J M Sc 198 301, 1939 
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An article by Capps 25 has been received with unusual interest 
because of his earlier lepoit of cures following the use of sodium 
cacodylate He has studied 139 patients, all followed to the time of 
death or over a long penod of years up to 1937 or 1938 Of the 139 
patients, 11 were living from eight to twenty-six years after the attack 
of endocarditis These patients with 1 exception were not very ill, 
and none was suspected of having endocaiditis until the appearance 
of heait murmurs, embolic signs, enlaigement of the spleen and positive 
blood cultures Curiously enough, all 11 patients weie seen pnoi to 
1925, and 7 of the 11, m the yeais 1923 and 1924, corresponding to 
the peak incidence of all cases Capps speculates as to the possibility 
that the large number of cases observed in the early twenties repre- 
sented an epidemic m which a milder type of infection was encountered 
Or, again, that Str viridans may go through cycles of changing 
virulence He is of the opinion that sodium cacodylate therapy played 
a minor lole and that it is patients with a mild degiee of infection who 
recover 

Recent studies have piovided fiesh hope for success m the tieat- 
ment of bactenal endocaiditis This notable achievement has been made 
possible through the remarkable curative properties of sulfanilamide 
and sulfapyndme (2- [paiaannnobenzenesulfonamido] -pyridine) and the 
action of heparin m preventing thiombus formation In bacterial 
endocarditis the oigamsms are protected fiom the natuial immune bodies 
by the accumulating platelet thiombi and debus which foim the vege- 
tations on the caidiac valves The intioduction of highly purified 
hepann, which may be given intravenously, has made it possible to 
prevent the fonnation of platelet thiombi m dogs and, it is reasonable 
to assume, to prevent additional accumulation of platelets m vegetations 
aheady foimed This would allow gieatei opportunity foi the chemo- 
therapeutic agents to come into contact with the invading organism 
There is anothei important factoi and that is the degree of natural 
immunity of the host It has long been believed that the blood of patients 
with bacterial endocarditis has a high specific antibody titer Recent 
observations 2(3 have shown, however, that this is far from true and that 
the antibody titer is frequently very low 

Kelson and White 2T report their experience with 7 patients who 
were treated for Str vmdans endocarditis with sulfapyndme and 
heparm From 4 to 6 Gm of sulfapyndme was given daily before and 

25 Capps, J A Subacute Bacterial Endocarditis Due to Streptococcus 
Viridans with Special Reference to Prognosis, Ann Int Med 13 280, 1939 

26 Orgam, E S Personal communication to the author 

27 Kelson, S R , and White, P D A New Method of Treatment of Subacute 
Bactenal Endocarditis Using Sulfapyndme and Heparin m Combination Pre- 
liminary Report, JAMA 113 1700 (Nov 4) 1939 
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dm mg the use of heparin and for one week afterward Heparm 
(10,000 units m 500 cc of saline solution) was administered by con- 
tinuous intravenous drip (15 to 25 drops a minute) over a period of 
two weeks Two patients had reactions to the heparm, and treatment 
was discontinued, and 2 patients died within a few days The remain- 
ing 3, who were able to take hepann for more than one week, showed 
striking impiovement and weie free of all evidence of the disease nine- 
teen, eighteen and four weeks, respectively, after treatment was dis- 
continued One of these 3, a young man, died of active rheumatic 
endocaiditis several months after treatment for subacute bacterial endo- 
carditis, and at autopsy the lesions of the bacterial endocarditis were 
found to be healed The authois stress the fact that this procedure is 
still in the expenmental stage and that it is not to be recommended 
except under close and careful observation Recent communications 
from these workers indicate a high percentage of failures in the further 
trial of this treatment but with a few patients observed in whom the 
condition has appaiently been controlled by continued administration 
of sulfapyridine or sulfathiazole (2-[paraammobenzene]-thiazole) To 
date it is too early to recognize cures in the patients except m 1, of 
the first series, who is now perfectly well a year after treatment One of 
the patients m the first series who appeared to have been treated success- 
fully suffered a relapse two months after stopping treatment, but his 
condition is again under control after a second course There is some 
question as to the practical value of hepann, certainly the chemotherapy 
is apparently the most impoitant part of the treatment There is evi- 
dently a great difference m the leaction of different strains of Str 
vindans to the drugs, and much further study of this aspect is necessaiy 

Friedman, Hamburger and Katz 28 repoit their observations on a 
patient with subacute bactenal endocarditis who was treated with 
heparin and who died during treatment as a lesult of cerebral hemor- 
rhage Despite the fact that emboli had been given off repeatedly, the 
cardiac valves, at autopsy, showed only small “clean” vegetations, and 
there were two necrotic areas on the vegetations, possibly indicating the 
dissolution of some of the fibrin 

Spmk and Crago 29 admimsteied sulfanilamide to 11 patients with 
Str vindans endocarditis and to 1 patient with Staphlycoccus albus 
endocarditis The last-mentioned patient was apparently cured but died 
following a relapse seven months later Only 1 of the others 10 was 

28 Friedman, M , Hamburger, W W , and Katz, L N Use of Heparm 
in Subacute Bacterial Endocarditis A Preliminary Report, JAMA 113 
1702 (Nov 4) 1939 

29 Spmk, W W , and Crago, F H Evaluation of Sulfanilamide in the 
Treatment of Patients with Subacute Bacterial Endocarditis, Arch Int Med 
64 228 (Aug ) 1939 
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definitely improved, and she has remained m good health for nine 
months Spmk and Ciago believe that sulfanilamide and its related 
compounds will be of doubtful value in the treatment of patients with 
subacute bacterial endocaiditis because of the nature of the focus of 
infection, the proliferating mass of bacteria beneath the vegetations 
being too well protected from the action of drugs and antibodies 

Solway and Pntzkei 30 leport their observations on a patient with 
endocarditis due to Sti eptococcus haemolyticus Spectacular improve- 
ment followed the admmistiation of sulfanilamide, but aftei an interval 
of five months relapse and death followed 

Gonococcic Endocai ditis — Orgam and Poston 31 describe a case of 
bacterial endocarditis due to the gonococcus and a nonhemolytic 
anaerobic streptococcus supei imposed on the pulmonary valve Recov- 
ery followed the oral administration of sulfapyridme in moderate-sized 
doses Of the two organisms, the gonococcus pioved the more vulnerable 
to chemotherapy, since it disappeaied fiom the blood first Coincident 
with the disappearance of the bacteremia, immune bodies appeared, and 
in a high titer, and the complement fixation test foi the gonococcus, 
initially 4 plus, became negative The authois believe that these immu- 
nologic changes, together with the clinical impiovement, aie probably 
indicative of cuie 

Futchei and Scott 32 lepoit their expenence with sulfanilamide in 
the treatment of gonococcic endocarditis Thiee of the 4 patients treated 
died, the fourth recoveied The authois point out that although the 
condition of the patient who lecovered from her illness did not com- 
pletely fulfil the most rigid cutena foi establishing the diagnosis, the 
presence of gonococcic endocaiditis seemed veiy likely 

ARTERIAL HYPERTENSION 

Standai disation of Blood Piesswe Readings — Sir Thomas Lewis, 
m his book, “Diseases of the Heart”, states that “the fingers should 
be trained to recognize a high-tension pulse, foi a piessure metei can 
haidly be used as a loutme in geneial practice” This statement has 
provoked much criticism, for many observers are of the opinion that 
this method is grossly inaccurate and that every physician should own and 

30 Solway, L J , and Pritzker, H G Sulphanilamide m the Treatment of 
Bacterial Endocarditis, Canad M A J 40 543, 1939 

ol Orgam, E S , and Poston, M A Gonococcal Endocarditis with Recovery 
After Sulfapyridme Report of a Case, New England J Med 221 167, 1939 
32 Futcher, P H , and Scott, V C Four Cases of Gonococcic Endo- 

carditis Treated with Sulfanilamide, with Recoveiy of One, Bull Johns Hopkins 
Hosp 65 377, 1939 
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use a sphygmomanometer The xecommendations lecently proposed 33 
for talcing and recoidmg blood pressure certainly represent a point of 
view diffeient from that of Lewis While these recommendations aie 
excellent in themselves, it is likely that the geneial physician will find 
certain details impi acticable Nevei theless, there is convincing evidence, 
which will be presented latei, that in certain ranges of blood pressure 
great accuracy is desirable The chief lecommendations are given heie- 
with in abbreviated foim 

1 Blood Pressuie Equipment The equipment to be used, whether 
meicunal or aneioid, should be m good condition and calibrated at 
yearly mteivals for accuiacy, and moie often if defects aie suspected 

2 The Patient The patient should be comfoitably seated, with the 
aims slightly flexed and the whole foieaim supported at the level of the 
heart on a smooth suiface 

3 Position and Method of Application of the Cuff A standai d-sized 
cuff containing a rubbei bag from 12 to 13 cm m width should be used 
A completely deflated cuff should be applied snugly and evenly around 
the arm with the lower edge about 1 inch (2 5 cm ) above the antecubital 
space and with the lubbei bag applied over the mnei aspect of the arm 

4 Significance of Palpatory and Auscultatoiy Levels In all cases 
palpation should be used as a check on auscultatory readings 

5 Position and Method of Application of the Stethoscope The 
stethoscope should be placed ovei the previously palpated brachial artery 
in the antecubital space, not in contact with the cuff 

6 Determination of the Systolic Piessuie The cuff should be 
rapidly inflated to a piessuie about 30 mm above the level at which 
the ladial pulse can be palpated The cuff should then be deflated at 
a rate of from 2 to 3 mm of mercury per second The level at which 
the first sound regularly appeals should be considerd the systolic pies- 
sure unless, as already stated, the palpatoiy level is higher, m which 
event the palpatory level should be accepted This should be noted 

7 Determination of the Diastolic Piessure and the Pulse Pressuie 
With continued deflation of the cuff, the point at which the sounds sud- 
denly become dull and muffled should be known as the diastolic pressuie 
If theie is a difference between that point and the level at which the 
sounds completely disappeai, the Amencan committee xecommends that 
the latter reading should be legarded also as the diastolic pressure 
This should then be lecoided m the following foim RT (or LT) 

33 Standard Method for Taking and Recording Blood Pressure Readings 
by the Committee for the Standardization of Blood Pressure Readings of the 
Amencan Heart Association and the Committee for the Standardization of Blood 
Pressure Readings of the Cardiac Society of Great Britain and Ireland, JAMA 
113.294 (July 22) 1939 
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140/80-70 01 140/70-0 If these two levels aie identical, the blood pres- 
sure should be recorded as follows 140/70-70 The cuff should be 
completely deflated prior to any fuither determinations 

In our opinion the first two sentences under the last heading do not 
logically follow each other, that is to say, if the sounds become dull 
and muffled, they cannot, at the same point, disappear completely 
Furthermore, there is little evidence to suppoit the view that the level 
at which there is complete disappeaiance of all sounds should also be 
regarded as the diastolic piessure, but it may be well to note this level 

The committee’s explanatoi y comments and further recommenda- 
tions are valuable The necessity of knowing the physical and mental 
state of the patient at the time the blood pressure is recorded is woithy 
of emphasis A coiollaiy of this is the suggestion that when especially 
careful studies of the blood pressuie aie to be made, the use of basal 
blood pressure conditions should be considered Helpful hints are given 
m regai d to the detei mmation of blood pressure in the presence of 
caidiac anhythmias It should be recognized that the meicuiy sphygmo- 
manometer, which has often been declared the more accurate instru- 
ment foi lecoidmg blood piessuie, may be in error Too rapid inflation 
or deflation of the cuff may lesult in a lag m the rise oi fall of the 
mercury column, with an eiror even to 20 to 30 mm of mercury either 
systolic or diastolic if the stoppei at the top of the mercury tube is 
too tight 

Nounal Blood Piesswc — Most phjsicians aie vague in their idea 
of what constitutes noimal aitenal blood piessure This is due m part 
to the fact that there aie physiologic variations in the normal level of 
blood piessure and m pait to the divergent opinions expressed by 
cardiologists, but, above all, to the fact that a truly comprehensive 
study of the noimal blood piessuie range has never been made The 
important conti lbution of Robinson and Biucer 34 has done much to 
clarify this problem, and their lesults, startling as they are, must be 
accepted until dispioved 

The leport of Robinson and Brucer is based on a statistical study 
of (I) the blood piessure m 10,883 peisons, (2) a study of five to ten 
year continuous blood pressure lecords of 500 peisons and (3) an 
appraisal of mortality at various piessure levels 

For the statistical study, 7,478 men and 3,405 women were selected, 
representing fairly typical portions of all age groups between 20 and 
70 years under conditions of general health comparable to those of any 

34 Robinson, S C , and Brucer, M Range of Normal Blood Pressure A 
Statistical and Clinical Study of 11,383 Persons, Arch Int Med 64 409 (Sept ) 
1939 
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random group in the total population Foi the men, the mean systolic 
blood pressure was found to be 121 mm of meicury (standaid deviation 
of the mean, 17) and the diastolic pressuie 74 4 (standi ad deviation, 
10 5) For the women, the mean systolic piessuie was 117 mm of 
meicury (standard deviation, 10 8) and the diastolic piessuie 71 
(standaid deviation, 11 5) The authois point out that if one works 
only with a broad unselected sample it is bettei to deteimme wheie 
the values congregate than to use aveiages Thus the modal blood 
piessure was 115 mm systolic and 71 mm diastolic foi the men and 
113 mm systolic and 70 mm diastolic for the women 

Since the whole group contained both noimal and hypertensive 
persons, Robinson and Biucei lightly concluded that it was not justi- 
fiable to draw conclusions concerning noimal levels of blood piessuie 
from such a sample Consequently they aibitrarily excluded all peisons 
with a blood piessure of 140 mm systolic and 90 mm or over diastolic, 
this left a gioup including 13 3 pei cent of the men and 115 per cent 
of the women Study of this delimited gioup indicated that men usually 
have a blood pressure (modal) of 115 mm systolic and 72 diastolic and 
women a modal blood pressuie of 112 mm systolic and 70 mm 
diastolic 

The next step was the analysis of a gioup of 500 records continuous 
over a penod of five to ten yeais This took into account the vanations 
of blood piessure, which, for the most pait, aie due to the noimal 
diurnal flux of pressure They noted that the lower piessures did not 
show great variation (usually less than 10 mm ) wheieas the higher 
pressuies usually varied by 15 to 40 mm Furthermore, the low pres- 
sures (below 120 mm ) almost mvanably tended to remain at the same 
general low level throughout all age gioups, while the highei pressuies 
(120 mm oi above) tended to rise to even highei levels with advancing 
years Also, it was noted that once a person’s piessuie shows even 
intei nnttent uses into the dangei zones of 120 to 130 and 130 to 140 
mm , it frequently i etui ns to that level Fiom these continuous lecoids 
it was concluded that normal blood piessure should not exceed 120 mm 

The third analysis was made fiom a consideiation of mortality data 
The fundamental premise was made that “noimal” blood piessure should 
be consistent with the longest possible life In othei v\oids, what is the 
vascular tension that leads to the longest life span and what are the 
levels that shoiten life ? It was found that moitality mci eases m direct 
propoition to inci eased blood pressuie The impoitant thing is that 
this holds true not only for the higher piessures (140 mm and higher) 
but also for piessuies of 120 to 130 mm Theie is even some evidence 
that a piessuie of 110 systolic and 70 diastolic is associated with a 
lower mortality than one of 120 systolic and 80 diastolic 
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The geneial conclusion is diawn that noimal blood piessuie foi men 
and women is fi om 90 to 120 mm of met cm 3 7 systolic and 60 to 80 mm 
diastolic A noimal peison attains his matui e blood piessure at about 
adolescence and keeps that range thioughout life except foi a slight 
use at about the twentieth yeai Tiansient elevations of blood piessure 
should not be ignoied, as the } 7 often indicate beginning hypei tension 
Slightly moie than 40 pei cent of the adult population is either actually 
oi mcipiently hypei tensive 

Essential Hypei tension — The pioblem of essential hypertension is 
still unsolved Recent studies have not }et levealed the natuie of the 
lesponsible agent, although piogiess can be repoited It is by no means 
an easy mattei to evaluate the mass of expei imental and clinical data 
now available So much woilc is actively going on along these lines 
that a leview, which is limited to published data, is behind the times 

Foi a cleai statement of the pioblem the leader is refened to Pick- 
eting's aiticle , 35 m which he develops a line of thought rather than an 
attempt to piove a scientific hypothesis The subject matter of his 
leview has been pieviously discussed and need not be consideied here 

Causes — Theie have been descnbed a numbei of new methods foi 
the production of peimanent hypei tension Page , 37 during the course 
of expei iments designed foi anothei puipose, obseived that hypei ten- 
sion developed in animals m which cellophane had been wiapped around 
the kidneys Cellophane causes peiinephutis, which lesults in the for- 
mation of a fibiocollagenous hull that constncts the lenal paienchyma 
Similaily, Gieenwood, Nassim and Tayloi ss pioduced permanent hypei - 
tension m dogs by appl} mg a collodion cast to one kidney and lemovmg 
the othei They laise the question as to whethei oi not the prevention 
of lenal hypertiophy is the piovocatne factoi It seems that in both 
sets of expei iments the mechanism lesponsible foi the hypei tension is 
similai to that which results fiom constnctmg the lenal artery by means 
of the Goldblatt clamp 

Diuiy , 39 m an excellent study which we failed to review last year, 
descnbed a unique method for the production of hypertension m rab- 

35 Pickering, G W The Problem of High Blood Pressure in Man, Brit 
M J 1 1, 1939 

36 Footnote deleted by the author 

37 Page, I H The Production of Persistent Arterial Hypertension by 
Cellophane Perinephritis, JAMA 113 2046 (Dec 2) 1939, A Method for 
Producing Persistent Hypertension by 7 Cellophane, Science 89 273, 1939 

38 Greenwood, W F , Nassim, R , and Taylor, N B The Production 
of Hypertension by the Prevention of Kidney Hypei trophy, Canad M A J 41 
443, 1939 

39 Drury, D R The Production by a New Method of Renal Insufficiency 
and Hypertension in the Rabbit, J Exper Med 68 693, 1938 
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bits The method consists in placing a ligature loosely around the 
left lenal aiteiy of a baby rabbit and allowing the artery to grow up 
to the size of the loop The development of the left kidney is arrested 
at this stage and 1 emains dwai fed, while the right hypei trophies Hyper- 
tension occuis even m the piesence of the hypei trophied right kidney 
when there is good renal function After removal of the light kidney 
the hypertension is increased Here, again, the underlying mechanism 
of the production of hypei tension is piobably the same as m the 
Goldblatt experiment, but Druiy’s method offeis many advantages 

Goldblatt, Kahn and Hanzal 40 confirmed the work of Rytand m 
showing that constriction of the aorta just above the level of the renal 
arteries is followed by hypertension, while constnction just below the 
level of the renal artenes has no significant effect on the blood pressure 
above that level 

A number of papeis have been published 41 on the nature and 
action of the renal pressor substance It is probable that this substance 
is renm, and it has now been prepared m a highly purified form, a 
minute amount being sufficient to elevate the blood piessure con- 
siderably Repeated injections lesult in a diminution of the pressor 
response, and this is due, according to Page, to loss of “renm-activator” 
and the development of an “antisubstance ” 

Cluneal Studies — Weiss and Paikei, 42 in a fundamental study on 
pyelonephritis; showed that this disease in the chronic and in the healed 
stage should be consideied as one type of Bright’s disease, for it can 
lead to kidney failure, severe hypei tension and their complications 
They studied the natuial histoiy of the disease in 100 selected cases and 
were able to tiace the sequence of events from the initial renal lesions 
to the terminal stage of seveie hypei tension They found that hypei - 
tension is fiequently associated with pyelonephutis and that this asso- 
ciation is responsible for 15 to 20 per cent of all cases of malignant 

40 Goldblatt, H , Kahn, J R , and Hanzal, R F Studies on Experimental 
Hypertension IX The Effect on Blood Pressure of Constriction of the Abdom- 
inal Aorta Above and Below the Site of Origin of Both Main Renal Artenes, J 
Exper Med 69 649, 1939 

41 Page, I H On the Nature of the Pressor Action of Renm, J Exper 
Med 70 521, 1939 Helmer, O , and Page, I H Purification and Some Properties 
of Renin, J Biol Chem 127 757, 1939 Williams, J R , Diaz, J T , Burch, 
J C , and Harrison, T R The Relation of the Adrenal Glands to the Action 
of the Renal Pressor Substance, Am J M Sc 198 212, 1939 Swingle, W W , 
Taylor, A R , Colhngs, W D , and Hays, H W Preparation and Bioassay 
of Renin, Am J Physiol 127 768, 1939 Prinzmetal, M , Friedman, B , and 
Abramson, D I The Nature of Arterial Hypertension with Special Reference 
to the Role of the Kidney, Ann Int Med 12 1604, 1939 

42 Weiss, S, and Parker, F, Jr Pyelonephritis Its Relation to Vascular 
Lesions and to Arterial Hypertension, Medicine 18 221, 1939 
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hypertension In hypertension accompanying pyelonephi ltis the symp- 
toms are commonly those of uremia rather than those of severe coronary 
or cerebral arteriosclerosis, cerebral encephalopathy, neuroretmitis and 
high ceiebiospmal fluid pressure as well as the syndrome of left ventric- 
ular failure were frequently observed It is emphasized that pyelo- 
nephritis is the one lenal disease which in its incipient stage can be 
tieated effectively 

Among a number of important papei s 43 relating to vai ious clinical 
aspects of hypertension, the monograph by Wagener and Keith on 
diffuse arteiiolar disease with hypertension and the associated retinal 
lesions is especially noteworthy They found it possible, from the stand- 
point of prognosis at least, to divide all cases of essential hypertension 
into four groups In the first two the hypertension is relatively benign 
and the lesion m the letmal arterioles is essentially anatomic resulting 
either from pievious angiospastic episodes 01 fiom long-continued 
increase in aitenolar tonus without active angiospastic episodes In 
the last two gioups the hypei tension is seveie or “malignant/’ and the 
essential lesion m the aitenoles is active spastic constriction super- 
imposed either on mci eased arteiiolar tonus or on anatomic thickening 
of the walls of the arterioles 01 on both 

Hypertension m Eclampsia — The newer studies on expenmental 
hypertension have offered a plausible explanation for the “toxemias” of 
pregnancy, the most constant sign of which is arterial hypertension 
There is considerable evidence 44 that a liumoial factor is involved 

43 Wagener, H P , and Keith, N M Diffuse Arteriolar Disease with 
Hypertension and the Associated Retinal Lesions, Medicine 18 317, 1939 Fried- 
man, B, and Prinzmetal, M Vasomotor Effects of Blood in Patients with 
Hypertension and Animals with Experimental H} pertension, Ann Int Med 
12 1617, 1939 Schroeder, H A , and Steele, J M Studies on “Essential” 
Hypertension I Classification, Arch Int Med 64 927 (Nov ) 1939 Williams, 
J R, Jr, and Harrison, T R Clinical Pictures Associated with Increased 
Blood Pressure Study of One Hundred Patients, Ann Int Med 13 650, 
1939 Keith, N M , Wagener, Ii P , and Barker, N W Some Different Types 
of Essential Hypertension Their Course and Prognosis, Am J M Sc 197 
332, 1939 de Wesselow, O L V S , and Thomson, WAR Study of Some 
Serum Electrolytes m Hypertension, Quart J Med 8 361, 1939 Rasmussen, H , 
and Thingstad, R Cardiovascular Changes in Essential Hypertension, with 
Special Reference to Electrocardiogram in Hypertension, Acta, me d Scandmav 
101 237, 1939 Page, I H A Clinical Study of Malignant Hypertension, Ann 
Int Med 12 978, 1939 Wilson, C, and Byrom, F B Renal Changes in 
Malignant Hypertension, Lancet 1 136, 1939 Mosenthal, H O , and Lander, 
H H The Development and Importance of Hypertension in Chronic Bright’s 
Disease, Ann Int Med 12 1449, 1939 

44 Page, E W , and Ogden, E The Physiology of Hypertension in Eclampsia, 
Am J Obst & Gynec 38 230, 1939 Dieckmann, W J , and Brown, I Do 
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just as m the hypertension due to renal ischemia One theory is that 
chorionic tissue is responsible for this pressor factor and that the 
stimulus for the production of the latter may be an inadequate supply 
of blood to the placenta Another possible explanation, which has 
some basis m experimental fact, is that pregnancy increases suscepti- 
bility to renal ischemia, which in turn may give rise to hypertension 

Treatment — One of the most dramatic medical announcements that 
could be made would be that a “cure” has been found for hypertension 
More than a hint of this is to be found in the news letter of a recent 
issue of Science However, the authors themselves 45 are uncertain 
as to the ultimate value of their method of tieatment And, whereas 
they can lower the blood pressure of hypertensive animals by oial 
administration of a kidney extract which does not lower the blood pres- 
sure of normal animals, they are uncertain as yet whether such a 
lowering is desirable or not Furthermore, they found that in certain 
instances the animals became quite ill after their blood pressure had 
fallen and that some of the animals died Because of this and because 
the extract is extremely difficult and expensive to prepare in adequate 
amounts for human use, the clinical experience has been most limited 
One or two patients have shown practically no change m blood pressure, 
possibly owing to inadequate dosage Several patients have shown 
what has appeared to be a rather encouraging drop of 20 to 40 mm of 
mercuiy and some simultaneous improvement in their symptoms Even 
though these patients were carefully controlled, having been m the 
hospital for several weeks or longer in most instances, there is still a 
possibility that the declines observed m them may have been due to 
a psychic effect or may have been spontaneous The results m patients 
may be regarded as encoui aging but as not by any means convincing 
at the present time 

There have been two brief reports 4G on attempted revascularization 
of the kidney in an effort to lower the blood pressuie m patients with 
hypertension The theoretic basis for this procedure rests m the fact 

Eclampsia and Preeclampsia Cause Permanent Vascular Renal Pathology 7 ibid 
37 762, 1939 Browne, F J , and Dodds, G H The Remote Prognosis of the 
Toxemias of Pregnancy, J Obst & Gynaec Brit Emp 46 443, 1939 Dill, L V , 
Isenhour, C E , and Cadden, J F The Effect of Quantitative Reduction of 
Renal Blood Flow upon the Pregnant Rabbit, J Clin Investigation 18 641, 
1939 

45 Harrison, T R Personal communication to the author 

46 Bruger, M , and Carter, R F Evidence of Communication Between 
Renal and Omental Blood Vessels Following Nephroomentopexy for Arterial 
Hypertension in Man Preliminary Note, Am J M Sc 197 : 832 , 1939 Abrami, 
P , Iselm, M , and Wallich, R Attempt to Treat Arterial Hypertension of 
Renal Origin by Surgical Vascularization of the Kidney (Nephro-Omentopexy), 
Presse med 47 137, 1939 
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that hypertension pioduced expei lmentally by compression of the xenal 
artery may be relieved following the development of collateral circula- 
tion The proceduie consists in enveloping the kidney with omentum 
(nephro-omentopexy) It has been shown by O’Shaughnessy and others 
that cardio-omentopexy may aid in reestablishing the coronary circula- 
tion, and there is eveiy reason to believe that an anastomotic circula- 
tion will develop between the kidney and the omentum However, the 
two situations are not comparable, and in the case of the kidney it is 
doubtful if much good can be accomplished 

Except foi nephro-omentopexy, theie has not been any new 
development in the suigical treatment of hypertension 47 Nowak and 
Walkei , 48 largely on theoietic grounds, cuticize this foim of tieatment, 
and Volim and Flaxman , 40 obseiving the symptomatic lelief and the 
reduction in blood pressure lesulting from nonspecific suigical measures, 
hold that the lelief is comparable to that following resection of the 
splanchnic neive 

Obseivations by Wood and Cash 50 and Short and Johnson 51 con- 
firm previous impiessions that blood pressuie mci eases with increase in 
body weight 

CORONARY HEART DISEASE 

Coioncny Occlusion and Caidiac Infaiction — In continuation of 
the excellent series of articles on heparin, Solandt, Nassim and Best e2 
describe experiments in which the formation of cardiac mural thrombi 
m dogs was pi evented by injecting heparin mtravenousl) Their method 
of regularly producing mural thrombi is of interest In previous studies 

47 Paliard, F, and Etienne-Martin, P Surgical Treatment of Malignant 
Arterial Hypertension Results and Indications, Presse med 47 893, 1939 
Smithwick, R H Surgery of the Sympathetic Nervous System, New England 
J Med 220 475, 1939 Chabanier, H , Gaume, P , and Lobo-Onell, C Survey 
Over Results of Interventions Practiced in Forty-Nine Cases of Nephro-Angio- 
scleroses (Permanent Hypertensive States with Renal Lesions of Arterial Origin), 
Presse med 46 1818, 1938 Davis, L , and Barker, M H Clinical and Experi- 
mental Experiences in Surgical Treatment of Hypertension, Ann Surg 110 
961, 1939 

48 Nowak, S J G , and Walker, I J Experimental Studies Concerning the 
Nature of Hypertension Their Bearing on Surgical Treatment, New England 
J Med 220 269, 1939 

49 Volim, I F, and Flaxman, N The Effect of Nonspecific Operations on 
Essential Hypertension, JAMA 112 2126 (May 27) 1939 

50 Wood, J E, Jr, and Cash, J R Obesity and Hypertension Clinical 
and Experimental Observations, Ann Int Med 13 81, 1939 

51 Short, J J , and Johnson, H J An Evaluation of the Influence of Over- 
weight on Blood Pressures of Healthy Men A Study of 3,516 Individuals Apply- 
ing for Periodic Health Examination, Am J M Sc 198 220, 1939 

52 Solandt, D Y , Nassim, R , and Best, C H Production and Prevention 
of Cardiac Mural Thrombosis in Dogs, Lancet 2 592, 1939 
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on coronaiy occlusion it was found that simply tying the coionaiy -vessels 
supplying the tip of the left ventricle did not result m the formation of a 
thrombus in over 100 animals However, if sodium ricinoleate was 
injected into the heart muscle just beneath the endocaidium, laige 
pendulous thrombi were usually found within half an hour In a series 
of animals on which the autopsies weie pei formed one and one-half 
hours after the injection of the sclerosing solution, macroscopic cardiac 
mural thrombi were present in every animal, whereas, m comparable 
experiments, when heparm was admimsteied no macioscopic thiombi 
were seen, although microscopic clumps of platelets were piesent in 
many of the animals The same lesults were obtained in two series of 
animals on which autopsies weie pei formed twenty-four hours aftei 
the hearts had received injections except that m the animals leceivmg 
heparm neither macroscopic nor microscopic thiombi were found The 
authors pointed out that it is probable that aftei clinical coronary 
thrombosis several days must elapse before necrosis becomes sufficiently 
severe to induce the formation of muial thrombi and that thrombi might 
be prevented, theiefore, even if the administration of heparm was 
started some considerable time after the initial thrombosis Just how 
long the administration of heparin must be continued to permit a degree 
of healing such that thrombosis is no longer likely to occur must be 
decided by clinical trial We agree that a clinical trial is justified, but 
certain complications and hazards must be kept m mind In man the 
development of cardiac infarction is sometimes a giadual 01 mteimittent 
process, and the onset of symptoms need not necessarily herald the 
onset of infarction Thus, it is possible that mural thrombi may already 
be present at the time of onset of severe symptoms, before the indi- 
cation for heparin is clear Moreover, since fresh mural thrombi aie 
sometimes laid down weeks to months after the acute infarction has 
occurred, the administration of hepann, to be certainly effective, might 
have to be continued for a very long period of time And, incidentally, 
one may well hesitate to add the strain and potential danger of heparin 
therapy even for a short time to the condition of a patient very ill with 
acute coronary thrombosis 

Manning, McEachei n and Hall 53 describe some interesting observa- 
tions following sudden occlusion of coronaiy arteries m dogs When the 
antenor descending blanch of the left coionary artery was occluded, the 
mortality was less than 10 per cent for anesthetized dogs and about 
40 per cent for conscious ones The mortality following sudden occlusion 
of the left circumflex blanch was found to be 25 per cent with anesthesia 
and about 75 per cent without Satisfactory proof of the cause of the 

S3 Manning, G W , McEachern, C G, and Hall, G E Reflex Coronary 
Artery Spasm Following Sudden Occlusion of Other Coronarj Branches Arch 
Int Med 64 661 (Oct ) 1939 
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greatei mortality in the conscious animals is not given There is evidence 
that it is not the result of changes m the systemic blood pressure, but 
the authors believe theie may be a leflex spasm of collateial arterioles 
and small arteries pi oducmg additional ai eas of ischemia 

Controversy 04 continues to rage over the question of the possible 
piecipitatmg factors in occlusion of a coronary artery This question 
is of the first impoitance from both the scientific and the practical 
point of view, and fruitful discussion should be welcomed The whole 
pioblem bristles with difficulties, and is not likely to be resolved at once 
It is highly doubtful if puiely clinical studies will provide more than 
a paitial answei, and they may even be misleading This is so, m part 
at least, because of the unceitam time relation between the beginning 
of coionary occlusion and myocardial infarction One cannot help being 
unpiessed with the fact that many peisons with marked coronary 
atheiosclerosis never suffer acute coronary occlusion and cardiac infarc- 
tion This being so, theie must be precipitating factois of coronary 
occlusion , the occlusion cannot be regai ded as a purely f 01 tuitous event 

Two papers 55 have appeared on myocardial infarction not due to 
frank occlusion of a coionary artery Undoubtedly this is a more com- 
mon phenomenon than is oidmarily supposed , Fnedbeig and Horn noted 
it in 31 per cent of the last 1,000 autopsies performed in cases of myo- 
cardial infarction It occurs most commonly m the presence of pul- 
monary embolism, calcific aoitic stenosis and marked coronary 
narrowing 

Malloiy, White and Salcedo-Salgar 5G made an important study on 
the speed of healing of myocardial infarcts, based on 72 autopsies They 
describe the charactei istic gross and micioscopic features of infarcts 
of various ages and state that the age of an mfaict can be judged 
fairly accurately during the first tluee weeks but not theieafter The 
size and position of the infarct and the state of the remaining myo- 
cardial circulation are important determinants of the speed of healing 
It was found that small infarcts heal m about five weeks and large 

54 Master, A M , Dack, S , and Jaffe, H L Age, Sex and Hypertension in 
Myocardial Infarction Due to Coronary Occlusion, Arch Int Med 64 767 (Oct) 
1939, Activities Associated with the Onset of Acute Coronary Artery Occlusion, 
Am Heart J 18 434, 1939 Boas, E P Angina Pectoris and Cardiac Infarction 
from Trauma or Unusual Effort, with a Consideration of Certain Medicolegal 
Aspects, J A M A 112 1887 (May 13) 1939 

55 Friedberg, C K , and Horn, H Acute Myocardial Infarction Not Due to 
Coronary Artery Occlusion, JAMA 112 1675 (April 29) 1939 Gross, 
H , and Sternberg, W H Myocardial Infarction Without Significant Lesions 
of Coronary Arteries, Arch Int Med 64 249 (July) 1939 

56 Mallory, G K , White, P D , and Salcedo-Salger, J The Speed of Heal- 
ing of Myocardial Infarction, Am Heart J 18 647, 1939 
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ones m about eight Rupture of the heart is most common dui mg the 
first week, may occur dui mg the second but is raie theieafter The 
subendocardial muscle layer often escapes, and another interesting finding 
is that the age of a mural thrombus is often much less than the age of 
the infarct itself, i e , that mural thrombi may be laid down ovei old 
mfaicts, especially if theie is aneurysmal dilatation, weeks or months 
after the original dilatation 

Cardiac Aneurysm — Last year we mentioned buefly a paper by 
Parkinson, Bedford and Thomson 57 on cardiac aneurysm Their repoit 
deserves fuller discussion in connection with the increased interest m 
the subject They trace the evolution of our knowledge concerning this 
condition, pointing out that up to 1914 only 3 repoited cases of cardiac 
aneurysm had been correctly diagnosed during life Fiom an analysis 
of published statistics it appears that cardiac aneurysm occuired in 9 
per cent of cases of cardiac infarction examined at autopsy In 13 of the 
authors’ 16 cases the cardiac aneuiysm was due to coronal y occlusion, 
m 11 the left antenoi descending bianch was occluded In the remaining 
3 cases it was associated with rheumatic heart disease Other i datively 
common causes aie syphilitic, congenital or traumatic heart disease 
The most common sites of \ enti lcular aneuiysm aie the apex and the 
anterior wall of the left ventricle Incidentally, it is the opinion of the 
reviewers that a slight degree of aneurysmal dilatation of the left 
ventricle m the legion of the m>ocardial infarct from coronal y thrombosis 
is a common finding, though large sacs aie infrequent 

Theie are few characteristic symptoms or signs of ventriculai 
aneurysm, the diagnosis being made usually with the aid of the roentgen 
lay Typically, ventricular aneurysm appears a week or two after 
cardiac infarction, and theie may be pam over the apex of the heart 
There may be palpable a pulsation over the aneurysm sepaiate and 
distinct from the apical pulsation The heart sounds are often faintly 
heard or muffled, and it is of interest that the first case coriectly 
diagnosed (Remlmger, 1896) exhibited a double murmur presumably 
due to blood passing m and out through the mouth of the aneurysmal 
sac 

Parkinson and his associates did not descube any distinctive electro- 
cardiographic featuies of cardiac aneuiysm but noted the common 
occuirence of tracings indicating cardiac infarction Nordenfelt r ‘ 8 and 
Eliaser and Komgsberg 50 describe certain electrocardiographic charac- 

57 Parkinson, J , Bedford, D E , and Thomson, WAR Cardiac Aneurysm, 
Quart J Med 7 455, 1938 

58 Nordenfelt, O The Electrocardiogram m Chronic Aneurysm of the 
Heart, Acta med Scandmav 102*101, 1939 

59 Ehaser, M, Jr, and Komgsberg, J Electrocardiographic Findings m 
Cases of Ventricular Aneurysm, Arch Int Med 64 493 (Sept ) 1939 
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teristics which they believe to be presumptive evidence of ventncular 
aneurysm Nordenfelt advances the suggestion that often electrocardio- 
grams taken of a patient with a laige chronic aneurysm on the 
anterior wall of the ventricle will show lelatively low R waves in lead I, 
prominent S waves m leads II and III, elevated ST segments m all 
leads, inversion of the T waves, m lead I, and upright T waves m leads 
II and III There may be prominent Q waves m lead I In lead IV 
the R waves are absent and the ST segments elevated Ehaser and 
Konigsberg found that m over a fourth of the cases of aneurysm of 
the left ventucle the electrocardiogram shows mveision of the chief 
initial ventricular deflection and the T waves m lead I with the P waves 
remaining upright In over a third of the cases the electrocai diogram 
shows inversion of the chief initial ventricular deflection m leads II 
and III and a corresponding upright deflection in lead I that may or 
may not be of low amplitude 

Of chief importance m the diagnosis of caidiac aneuiysm are the 
roentgenologic findings, which are summarized by Parkinson and his 
associates as follows 

1 Enlargement of the left ventricle with defonnity of its contour 

2 A localized protuberance inseparable from the heart shadow on rotation of 
the patient 

3 Abnormal or absent pulsation of the aneurysmal zone 

4 Evidence of adhesions between the heart and the chest wall or diaphragm 

5 Calcification of the wall of the sac or of its contained clot 

We should like to refer also to the roentgeno-kymographic findings 
of absence of pulsation of, or paiadoxic pulsation of, cardiac aneurysms 
as a diagnostic aid m myocardial infarction 

Atigma Pectoi is — A number of papers G0 have been published on 
vanous clinical aspects of angina pectoi is Of particular interest is the 

60 (a) Muller, C Angina Pectoris m Hereditary Xanthomatosis, Arch 
Int Med 64 675 (Oct ) 1939 (b) Spiliane, J D , and White, P D Herpes 
Zoster and Angina Pectoris, Brit Heart J 1 291, 1939 ( c ) Gilbert, N C 
Vasomotor Changes in the Coronary Arteries and Their Possible Significance, 
J A M A 113 1925 (Nov 25) 1939 (d) Katz, L N, and Lindner, E The 
Reaction of the Coronary Vessels to Drugs and Other Substances, ibid 113 
2116 (Dec 9) 1939 ( e ) Mainzer, F Persistent Pain Localized at a Distance 

From the Heart (Shoulder, Epigastric Region) m Coronary Insufficiency, Acta 
me d Scandinav 101 541, 1939 (/) Wahlberg, J Esophageal Spasm as Cardiac 
Symptom, ibid 101 568, 1939 ( g ) Clerc, A , and Sterne, J 1262 F (Diethyl- 
Ammo- Ethoxy-2-Diphenyl) in Treatment of Anginal Syndromes, Presse med 
47 1517, 1939 (Ji) Brumm, H J , and Willius, F A The Surgical Risk in 
Patients with Coronary Disease, JAMA 112 2378 (June 10) 1939 (i) White, 
P D The Immediate and Ultimate Prognosis in Heart Disease with Especial 
Reference to “Permanent Total Disability,” ibid 112 2380 (June 10) 1939 
0) Sprague, H B Mental Adjustments to Heart Disease The Factors 
Involved in Disability, ibid 112 2384 (June 10) 1939 
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lepoit of Muller on the relationship between angina pectons and 
hereditaiy xanthomatosis He studied 76 cases of xanthomatosis, in 
68 there was associated heait disease, and a diagnosis of angina pectoris 
■was made in 59 Muller points out that the syndiome of cutaneous 
xanthomatosis, hypei cholesteremia and angina pectoris presents itself 
as a well defined clinical disease at an early age and that it may be 
tiansmitted as a dominant hereditary disease 

Spillane and White 00b describe 12 instances of the occunence of 
herpes zoster m anginal subjects In 10 of these the herpetic eiuption 
appeared after the anginal attacks had become established, while in 
the lemainmg 2 it appeared about two yeais before the angina In every 
instance there was a close relationship between the distribution of the 
eruption and that of the anginal pain It is suggested that repeated 
bombardment of spinal loot ganglions by affeient impulses from the 
ischemic heart gives rise to antidromic impulses that lead to the forma- 
tion of blisters 

There has been continued interest m surgical piocedures designed 
tor the relief of angina pectoris 01 Raney Glb leports amazing success 
in the relief of pain by section of the rami communicantes (2-5) from 
the intercostal nerves and section of the sympathetic chain between the 
fifth and sixth dorsal ganglions on the left side Unfortunately, most 
of the report is concerned with rather unimpressive aiguments attempt- 
ing to justify the piocedure on theoretic gi ounds Except for 2 case 
reports, only meager clinical details aie given Eleven patients with 
“desperate attacks” of angina pectoris were all completely relieved of 
pain by means of the aforementioned opei ation 

SPONTANEOUS MEDIASTINAL EMPHYSEMA 

This syndiome 62 is mentioned here because of the importance of 
differentiating it from acute cardiac infarction In fact, Hamman’s 62,1 
first case was so diagnosed at the time of onset of symptoms This 
author has summarized the essential clinical features as follows 

1 Interstitial emphysema of the lung may occur without the least effort, when 
the patient is quietly standing, sitting or lying down 

61 (a) O’Shaughnessy, L , Slome, D , and Watson, F Surgical Revasculari- 
sation of the Heart The Experimental Basis, Lancet 1 617, 1939 (b) Raney, 

R B A Hitherto Undescribed Surgical Procedure Relieving Attacks of Angina 
Pectoris Anatomic and Physiologic Basis, JAMA 113 1619 (Oct 28) 
1939 

62 (a) Hamman, L Spontaneous Mediastinal Emphvsema, Bull Johns 
Hopkins Hosfl 64 1, 1939, ( b ) A Note on the Mechanism of Spontaneous 
Pneumothorax, Ann Int Med 13 923, 1939 (c) McGuire, J , and Bean, W B 
Spontaneous Interstitial Emphysema of the Lungs, Am J M Sc 197 502, 1939 
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2 When the air reaches the mediastinum, distending the mediastinal tissues the 
patient complains of pain which is often very severe Usually the pain is located 
beneath the sternum, sometimes it radiates to the back, at other times to the neck 
and shoulders, rarely to the arms Accompanying the pain there is often a sensation 
of pressure or of expansion beneath the sternum 

3 There are no constitutional symptoms, no evidence of shock The temperature/ 
the pulse and respiratory rates, the blood pressure, the leucocyte count are very 
little if any altered 

4 In many instances a peculiar and distinctive sound is heard over the heart 
synchronous with its contractions Usually the sound is heard only during systole 
but at times it may be heard also during diastole 

5 The area of cardiac dulness is diminished or completely obliterated, the dulness 
being replaced by a hyperresonant percussion note 

6 Pneumothoi ax often occurs The pneumothorax is usually small and maj 
not be suspected until a roentgenogram of the chest has been taken 

7 The roentgenogram is a valuable aid in establishing the diagnosis In 
instances in which the characteristic sound over the heart is absent the roent- 
gcnographic evidence of air in the mediastinum may be decisive 

8 When air appears in the subcutaneous tissues of the neck the diagnosis is 
at once assured 

GLYCOGEN DISEASE 

Van Cieveld 03 has written a compi ehensive treatise on glycogen 
disease, which includes a section on cai diomegaha glycogenica He 
points out the importance of this condition in explaining many cases of 
so-called congenital idiopathic hypei trophy of the heart He states that 
glycogen disease should be suspected when, at examination, a child is 
found to have a large heart without valvular lesions oi an anomaly of 
development of which the enlargement may be the consequence 

HEART DISEASE RESULTING FROM DEFORMITIES OT THE CHEST 

Chapman, Dill and Graybiel 04 have sought to descnbe and explain 
the decrease m functional capacity of the lungs and heart resulting from 
deformities of the chest Persons so afflicted m youth are usually 
dwarfed, and their activity is limited Dyspnea, palpitation and fainting 
attacks are common symptoms, and tachycardia, low blood pressure 
and accentuation of the pulmonary second sound are commonly observed 
A sudden aggravation of symptoms usually serves as a warning that 
death is near, for the cardiopulmonary reserve is low The authors 
emphasize that depressants of respiratory function, such as morphine, 
are poorly tolerated and have been known to cause death m patients 
with severe deformity 

63 van Creveld, S Glycogen Disease, Medicine 18 1, 1939 

64 Chapman, E M , Dill, D B , and Graybiel, A The Decrease in Func- 
tional Capacity of the Lungs and Heart Resulting from Deformities of the 
Chest Pulmonocardiac Failure, Medicine 18 167, 1939 
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GRANULOMATOUS MYOCARDITIS 

Jonas 05 reports his observations m 5 cases m which the mjocaidium 
and othei tissues were involved m a gianulomatous piocess character- 
ized by tubercle-like foci with giant cells, necrosis and mononuclear cell 
mfiltiation Caieful studies did not reveal any evidence to indicate an 
etiologic relation to tuberculosis or syphilis The authoi discusses these 
5 cases m relation to somewhat similar cases already on lecoid 

PERIPHERAL VASCULAR COLLAPSE 

During 1939 a number of papers have been published by a single 
group of woikeis describing their studies on the functioning of the 
peripheral vascular system 00 Their findings aie of considerable clinical 
mteiest and are important m the diagnosis and pioper treatment of 
peripheral circulatory collapse These authors have shown that loss 
of venous tone with consequent pooling of blood is the mechanism 
responsible for the common type of circulatory collapse This form 
of collapse must be distinguished from that which is associated with 
cachexia or acute loss of blood The results of their experiments indi- 
cate that paredrmol (a-N-dimethyl-p-hydioxyphenethylamme) has as 
one of its chief actions the elevation of venous tone without at the 
same time increasing the metabolism of the tissues oi causing marked 
arteriolar constriction Thus, in cases of shock in which the volume of 
blood is adequate the administration of parednnol results m a pumaiy 
mciease m venous tone and an emptying of the splanchnic leseivoirs, 
thereby causing increased venous return to the heart It is nnpoitant to 
point out that m the type of collapse associated with small volume of 
blood and without venous pooling parednnol not only is of no value but 
is contraindicated, as are epinephnne and pitiessm, diugs commonly 
used m the past 

HEART FAILURE AND ITS TREATMENT 

It is obviously impossible even to mention by title the laige number 
of worth while ai tides relating to cardiac failuie Only a few touch- 
ing on subjects of bioad interest have been chosen for leview 

65 Jonas, A F , Jr Granulomatous Myocarditis, Bull Johns Hopkins 
Hosp 64 45, 1939 

66 Stead, E A , Jr , Kunkel, P , and Weiss, S Eftect of Pitressin in 
Circulatory Collapse Induced by Sodium Nitrite, J Clm Investigation 18 673, 
1939 Stead, E A , Jr , and Kunkel, P Mechanism of the Arterial Hyper- 
tension Induced by Parednnol (a-N-Dirnethyl-p-Hydroxyphenethjlamine), ibid 18 
439, 1939 Kunkel, P , Stead, E A , Jr , and Weiss, S Effect of Parednnol 
(p N-Dimethyl-p-Hydroxy-phenethvlarnine) on Sodium Nitrite Collapse and on 
Clinical Shock, ibid 18 679, 1939 Kunkel, P , and Stead, E A , Jr Blood 
Flow and Vasomotor Reactions m the Hand, Forearm, Foot, and Calf m Response 
to Physical and Chemical Stimuli, ibid 18 225, 1939 
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The effect of heait failure on the coionaiy circulation is a factor 
often neglected 01 pooily understood Visscher 07 ably discusses this 
effect and points out that fundamentally m all forms of progressive heart 
failure theie aie lestrictions of the total possible coronary flow The 
effects of sudden or giadual occlusion of the coronary vessels are well 
known, but the lestnction of coronary flow produced by elevations m 
pressure m those cavities into which the coronary venous blood drains 
is not generally appreciated Visscher gives expei imental data which 
show that the greater the diffeience in blood pressuie between the aorta 
and the pulmonary aiteiy the gi eater the thebesian flow and the less the 
coronary sinus flow Also, the greatei the diffeience in blood pressure 
between the aorta and the coronai} r sinus, other factors being held 
constant, the gi eater the coionaiy sinus flow r Now it has been shown 
that the right circumflex aiteiy, which supplies mainly the right ventric- 
ulai muscle, drains almost exclusively thiough the right thebesian 
systems into the right side of the heait The thebesian flow in the left 
side of the heait is relatively small, and the blood can reach the left 
ventricular cavity only dui mg diastole, because only then is the pressure 
gradient suitable On the other hand, blood can leave thebesian channels 
into the right ventncle, both in systole and m diastole, because theie 
is a positive pressuie gradient at all times As a result, it is the light 
ventricle which will be most senously affected by a restriction of 
thebesian flow Anything which increases light inti aventricular pres- 
sure acceleiates heait failure by the lestnction of coronary flow which 
occurs The author points out the familiar fact that the left side of the 
heart can cariy enormous loads, as in hypertension and m valvular dis- 
ease, for many years, whereas when the right ventricle woiks against 
increased loads the heait may fail lapidly 

The restandardization of digitalis m 1936, increasing its potency, 
has caused a gieat deal of confusion not only among phaimacologists 
but among physicians prescubmg the diug Before this revision the 
strength was such that ordinarily after a patient v ? as digitalized one 
pill ( 1 1 / 2 grains, or 0 095 Gm ) daily sufficed to maintain its action 
In 1936 the United States Pharmacopeial Committee of Revision adopted 
the international powder as a standard for this country This has 
lesulted m an increase of from 25 to 30 per cent m the stiength of 
powdered digitalis U S P and of tincture of digitalis U S P The 
many conflicting lepoits of the potency of the U S P XI digitalis 
have been due, according to Edmunds, 08 to faulty calculation or technic 

67 Visscher, M B The Restriction of the Coronary Flow as a General 
Factor in Heart Failure, JAMA 113 987 (Sept 9) 1939 

68 Edmunds, G W The Potency of Digitalis Preparations of the 1936 
Pharmacopeia, JAMA 113 284 (July 22) 1939 
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in standardization Although theie ate certain theoretic advantages m 
international uniformity of such an impoitant drug as digitalis, yet 
in this country the practical use of 1 gram (0 095 Gm ) pills has 
been tendered moie difficult This is so because with routine administia- 
tion “one pill a day” is often too much A simple solution might be 
to reduce the size of the pill However, as the matter now stands, 
this fact of increased digitalis potency must be kept m mind 

For many years the adnunistiation of digitalis in heart failuie with 
normal lhythm was a conti oveisial matter, especially in England It 
is interesting, therefore, to review the investigations of Gavey and 
Pailonson, 09 which were undei taken primarily with this question in 
mind Sixty-five patients with heart failure and normal lhythm weie 
obseived The control lay m a preliminary rest in bed without digitalis, 
and, for companson, another series of 30 patients with heart failuie 
and auncular fibrillation were obseived m the same way The results 
indicate that 60 per cent of the patients with noimal rhythm improved 
following the admimsti ation of digitalis , the impi ovement was slight 
m 29 per cent and moderate or marked m 31 per cent Of the patients 
with auricular fibrillation, clinical improvement was demonstrated in 
72 per cent If the group with lheumatic heart disease is left aside, the 
fibrillation series l esponded to digitalis no better than the normal rhythm 
series In other words, the leal difference in response of heart failure 
to digitalis lies not between auriculai fibrillation and normal rhythm 
but lather between rheumatic auricular fibrillation and all other kinds 
of heart failure irrespective of rhythm The authors state that digitalis 
is always indicated m congestive heart failure, u respective of rhythm, 
but that it is often inefficient, as it fails completely in about one third of 
all cases 

Another controversial question legardmg the use of digitalis is 
whether or not it should be given to patients with partial heart block 
Blumgart and Altschule 70 lecord their observations on 19 patients 
with congestive failure and paitial heait block dui mg digitalization Of 
the 19, 11 showed no change in the PR interval, m 7 the PR interval 
was lengthened, and in 1 it was shoitened In 1 case occasional 2 to 1 
heart block disappeared, and m all the lest there were no alterations 
in the orderly sequence of auriculoventricular contractions They con- 
clude that digitalis m therapeutic amounts may be safely given m cases 
of partial heart block but add the warning that caution and caieful 
observation should be exercised 

69 Gavey, C J , and Parkinson, J Digitalis in Heart Failure with Normal 
Rhythm, Brit Heart J 1 27, 1939 

70 Blumgart, H L , and Altschule, M D Should Digitalis Be Administered 
to Patients with Preexisting Partial Heart Block ? Am J M Sc 198 455, 
1939 
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Boothby, Mayo and Lovelace 71 give the indications for, and the 
method of administration of, 100 per cent oxygen They point out that 
the admimstiation of 100 per cent oxygen will significantly increase the 
power of the blood to transport oxygen and that it may be given safely 
m continuous fashion over a period of two days We should like to call 
attention to the fact that pure oxygen has been shown to be highly 
irritating to the respiratory mucosa and that the absence of any symptoms 
when the “B L B apparatus” (devised by the investigators just 
mentioned) is used suggests that a concentiation of 100 per cent oxygen 
is not leached 

71 Boothby, W M , Mayo, C W , and Lovelace, W R One Hundred 
Per Cent Oxygen Indications for Its Use and Methods of Its Administration 
JAMA 113 477 (Aug 5) 1939 
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Rheumatism By H Warren Crowe, MD (Oxon), BCh, MRCS, LRCP 
Pp 280, with 31 illustrations Price, 12s 6d , cloth London John Bale 
Sons & Curnow, Ltd , 1939 

It is difficult to write a good book on the subject of rheumatism, and it is 
almost certain that any book on this subject will provoke argument Dr Crowe 
has written an excellent book, but it will not meet with unnersal agreement In 
writing such a book, one of the most difficult tasks is to arrange a nomenclature so 
that the writer and the reader may meet on common ground Dr Crowe has met 
this challenge very skilfully He has drawn on the classifications of the British 
Commission, the American Commission and the Ministry of Health, with none of 
which he fully agrees He succeeds well in making his subject matter clear to one 
who is accustomed to the use of different terms 

After dealing with the matter of nomenclature, he continues with a discussion 
of differential diagnosis, pathology and etiology This is well done and is quite 
orthodox until the section on etiology is reached All are familiar with Dr 
Crowe’s ideas about the infectious nature of rheumatism, and these ideas are fully 
expounded in the section on etiology The ideas are of course carried over into the 
discussion of treatment in which the author’s original work in vaccine treatment 
is discussed 

There are additional chaptei s on physical therapy, roentgen ray therapy and the 
orthopedic treatment of rheumatism The concluding chapter deals with laboratory 
technic and the technic of physical theiapy 

This book may be recommended as a carefully constructed piece of w'ork that 
is the result of long and careful observation of many patients who have suffered 
from this disease The author mentions the “nebulous conception of rheumatism ” 
This work will no doubt seive as one of the instruments to dispel the cloud that 
surrounds the subject 

Failure of the Circulation By Tinsley R Harnson, MD, Associate Pro- 
fessor of Medicine, Vanderbilt University School of Medicine Second edition 
Price, $4 50 Pp xiv + 502, with 59 figures and 22 tables Baltimore 
The Williams & Wilkins Company, 1939 

The first edition of this book was published in 1935 It was deservedly success- 
ful A reviewer (JAMA 105 1141 [Oct 5] 1935) remarked that the book 
presented clinical cardiologists with the latest applications of the altered physiologic 
function in heart failure and recommended that all internists read it The review 
in the Archives or Internal Medicine (57 643 [March] 1936) was equally 
complimentary Here it was said that the book not only discussed the theoretic 
aspects of heart failure in a thoroughly satisfactory manner but also contained a 
gieat deal of practical advice concerning the diagnosis and tieatment of heart 
disease It was an authontatwe treatise Both reviews were the leading ones in 
the issues of the periodicals in which they appeared 

The second edition follows the general pattern of the first, with certain modi- 
fications, and is a trifle over a hundred pages longer The author has been careful 
as to how his book was allowed to grow He has made a conscientious effort to 
stiengthen the first edition in all its weak spots Most of the extra pages, how- 
ever, are due to new ideas The increased length of the book reflects very clearly 
the activity of workers m the field of caidiology and the rapidity with which new r 
knowdedge has been built up 

Once more this book desenes high praise Like the first edition, the second 
presents clinical cardiologists with the latest applications of the physiologic con- 
ceptions of heart failuie Cardiologists, students and practitioners all wall find 
it interesting, informative and stimulating 
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Medizimsche Praxis Sammlung fur artzthche Fortbildung Volume 27 
By M Ratschow Mit einem Geleitwort von R Cobet Price, 9 75 marks 
Pp 193, with 46 illustrations Dresden Theodore Stemkopff, 1939 

This most recent (twenty-seventh) volume of the “Afedizimsche Praxis” senes 
is concerned with peripheral vascular disturbances After briefly defining these 
conditions and succinctly reviewing their historic development, the author describes 
the anatomy and physiology of peripheral blood vessels A fairly complete consider- 
ation of the various diagnostic methods used in studying the organic and functional 
changes in the peripheral vessels is presented The characteristic clinical mani- 
festations of the various types of peripheral vascular diseases are described and 
their management stated Obviously, completeness of detail cannot be achieved in 
a short monograph on a subject the literature of which has now assumed volumi- 
nous proportions Thus a mere paragraph on thrombophlebitis is woefully inade- 
quate However, the book serves as a quick reference for the student and general 
practitioner There are forty-six illustrations, consisting of charts, diagrams, photo- 
graphs, photomicrographs and arteriograms An incomplete but fairly representative 
and up-to-date bibliography is included There is also an author and a subject 
index 

Annual Review of Physiology, Volume 1 Editor, J Murray Luck and 
associate editor, Victor E Hall Price, $5 00 Pp 709 Stanford University, 
California Stanford University Press, 1939 

The need for reviews and compendia of medical literature becomes moie and 
more evident each year Volume 1 of the Index Medtcus, m 1927, contained 820 
pages, whereas volume 20, in 1936, had extended to no less than 1499 The “Annual 
Review of Physiology,” of which the first volume has recently appeared, seems 
therefore to be inevitable, and one is pleased to find that Murray Luck, veteran of 
the Annual Review of Biochemistry, is in charge also of this latest physiologic 
review Twenty-four articles by authorities m the various branches of physiology 
fill a volume of some 700 pages As many as four or five hundred references follow 
some of the articles My only criticism — or rather comment — is that in some of 
the contributions the mateual is so condensed that it makes poor reading, and the 
volume is really a succession of abstracts, but when a year’s output of work is 
condensed into one volume this is hardly to be avoided 
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INSULIN AND CEREBRAL DAMAGE 
F KLEIN, MD 

AND 

J A LIGTERINK, MD 

GRONINGEN, NETHERLANDS 

Hypoglycerma manifests itself chiefly by symptoms due to dis- 
turbances of the autonomic and cential neivous si stems In then 
monogiaphs Sigwald 1 and Wildei 2 gave detailed descnptions of all 
neurologic and psychic symptoms to be noted dm mg a hypoglycemic 
state, and it may be stated without hesitation that there is no neuiologic 
or psychic abnoi mality which has not been obsei ved eithei sepai ately 01 
m combination Given susceptibility of the central nervous system to 
insulin, it is suipiismg that fatal damage of the cential neivous system 
so seldom occuis in suffeiers fiom diabetes tieated with insulin In 
1932 Sigwald 1 gave shoit descriptions of 24 cases of fatal hypoglycemic 
coma known to him In addition, Ratheiy 5 lepoited a very mstiuctive 
fatal case in 1938 

Fortunately, howevei, the fatal cases aie laie The hypoglycemic 
symptoms as a rule disappear when the blood sugai has been laised to 
the noimal level through the admimstiation of sugar Sigwald and 
Wildei only incidentally mentioned distuibances persisting aftei the 
administration of sugai Sigwald desci died a numbei of patients with 
chronic mental disturbances Dining the last few yeais, moieovei 
various cases of serious, chiomc distuibances of the biam hate been 
lepoited, some of which ended m death 

The syndrome of hypeiinsulimsm is well known, especially thiough 
the reports of the American investigators (Harris, 4 Wildei , r> Ryneai- 

From the Sanatorium “Rustoord,” Apeldoorn, Netherlands 

1 Sigwald, J L’hypoglycemie, Pans, Gaston Dorn, 1932 

2 Wilder, J Klimk und Therapie der Zuckermangelkrankheit, Vienna, 
Verlag fur Medizin, Weidmann & Co , 1936 

3 Rathery, F Le diabete sucre Leqons chmques (1936-1937) Paris, 
J B Bailhere et fils, 1938 

4 Harris, L The Diagnosis and Treatment of Hjpennsulinism, Ann Int 
Med 10 514, 1936 

5 Wilder, R M Spontaneous HNpogl>cemia, Tnternat Clm 46 143, 1936 
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son and Moersch, 0 and otheis) In 1938 Malamud and Grosh 7 pub- 
lished, in connection with a i eport on a patient suffering f i om panci eatic 
adenoma, an extensive suivey of the literature on this syndrome Dui mg 
that patient’s life many psychic and neurologic symptoms weie observed, 
and at autopsy extensive lriegulanties of the central neivous system 
weie found 

The insulin shock theiapy of Salcel has led to the observation of 
all kinds of cerebral complications With this theiapy the patient is 
brought into a deep coma Usually the coma is interrupted aftei one 
to one and a half hours by peroial or mtiavenous admimstiation of 
dextrose Full consciousness is lecoveied as a mle within a half hour 
There are numeious cases, however, as any one who applies this therapy 
will have expenenced, in which consciousness does not return so soon 
Heie a distinction should be made between 

1 A delayed recoveiy of consciousness, during which, in addition 
to various forms of hypei kinesis, disturbances of speech and 
periods of exaltation, senous lespnatoiy and pulse abnormalities 
may occur (Golden 8 ) 

2 A persistence of the comatose state, lasting from a few hours 
to several days, after which consciousness giadually returns 
(Salm 9 ) Not seldom many weeks or even months may elapse 
before the neurologic and psychic symptoms may be said to have 
totally disappeared Plattner 10 and Milch and Bolles 11 described 
a case in which Korsakoff’s syndrome occurred and persisted foi 
several months Pap, 12 who as eaily as 1936 gave an excellent 
descnption of the syndiome of Sakel’s insulin treatment, described 
in detail 2 cases of prolonged coma, in the course of and following 

6 Rynearson, E H , and Moersch, F P Neurologic Manifestations of 
Hyperinsulinism and Other Hypoglycemic States, JAMA 103 1196 (Oct 
20) 1934 Carlson, L A , and Rynearson, E H An Unusual Case of Spon- 
taneous Hypoglycemia, Proc Staff Meet , Mayo Clin 12 486, 1937 Rynearson, 
E H, and Walters, W An Unusual Case of Spontaneous Hypoglycemia, ibid 
13 728, 1938 

7 Malamud, N , and Grosh, L C , Jr Hyperinsulinism and Cerebral 
Changes Report of Case Due to Islet Cell Adenoma of Pancreas, Arch Int 
Med 61 579 (April) 1938 

8 Golden, L A Neurologic Manifestations m “H\ poglycemic Shock” 
(Sakel), Ann Int Med 11 819, 1937 

9 Salm, H Benommenheitszustande lm Anschluss an die Insulinshockbe- 
handlung von Schizophrenen, Munchen med Wchnschr 84 1046, 1937 

10 Plattner, P Amnestisches Syndrom nach Insulin-Cardiazol-Behandlung, 
Ztschr f d ges Neurol u Psychiat 162 728, 1938 

11 Milch, E C, and Bolles, M M A Case of Prolonged Coma Following 
Insulin with Eventual Recovery, J Nerv & Ment Dis 88 817, 1938 

12 Pap, Z Erfahrungen mit der Insulmshocktherapie bei Schizophrenic, 
Monatschr f Psychiat u Neurol 94 318, 1936 
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which serious disturbances of the pyiamidal and extiapt ramidal 
tracts, cramps and motoi aphasia, combined with abnormalities 
of temperature, pulse and respiration, w r ere noted After admin- 
istration of dextrose the different symptoms in all their variety 
may be observed just as prior to the onset of the comatose state 
Not alwa\ s, howevei, is theie a total recover} Schraagen 13 
observed chronic disturbances of the brain 

3 An unmtei rupted coma followed by death after a shorter or longer 
period (Muller 14 , Leppien and Peters 15 , Salm 9 , Timmer 10 , 
Kastem, 17 Cammermeyer , 18 MacKeith and Meyer 10 ) Although 
m some cases (an instance was observed by us but is not com- 
mented on m this report) extensive pulmonary and other abnor- 
malities have been found at autopsy, the existence of a serious 
distuibance m the functions of the central nervous system is here 
absolutely undeniable 

Dui mg the last few yeais cases have been reported of permanent 
damage of the bram m patients suffering from severe diabetes who 
required large doses of insulin and in whom a continuous appearance 
of hypoglycemic symptoms could not be avoided The syndromes in 
these patients bear a close resemblance to those seen after piolonged 
coma m patients given Sahel’s therapy 

Fenz and Kogerer 20 described the case of a 16 yeai old boy v r ho 
had suffered from serious diabetes from his fourth year omvard and 
who during the last fifteen years frequently had hypoglycemic symptoms 
He was given 100 units of insulin per day Dulness and obhviousness 
had been observed for five months when he was admitted to the hospital 
m a serious hypoglycemic coma with many epileptic seizures After he 
lecoveied consciousness the patient showed for a fortnight a syndrome 

13 Schraagen, J C Case of Dementia Developing After Insulin Shock 
Therapy of Schizophrenia, Psychiat en neurol bl 42 373, 1938 

14 Muller, M Die Insuhntherapie der Schizophrenic, Schweiz Arch f 
Neurol u Psychiat (supp ) 39 9, 1937 

15 Leppien, R, and Peters, G Todesfall infolge Insuhnshockbehandlung 
bei emem Schizophrenen, Ztschr f d ges Neurol u Psychiat 160 444, 1937 

16 Timmer, A P Death During Treatment of Schizophrenic Patient with 
Insulin Shock According to Sakel Method, Nederl tijdschr v geneesk 82 3088 
1938 

17 Kastem, G W Insuhmergiftung I Khmsche und pathoph} siologiscbe 
Beschreibung, Ztschr f d ges Neurol u Ps\clnat 163 322, 1938 

18 Cammerme\er, J Ueber Gehirnveranderungen, entstanden unter Sakelscher 
Insuhntherapie bei einem Schizophrenen, Ztschr f d ges Neurol u Ps\chiat 
163 617, 1938 

19 MacKeith, S A , and Mever, A A Death During Insulin Treatment of 
Schizophrenia, with Pathological Report, J Ment Sc 85 96, 1939 

20 Fenz, E, and Kogerer, H H^poghkamie und Schizophrenic, Jahrb f 
Psjchiat u Neurol 54 241, 1937 
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chaiactenzed by negativism, catalepsy, grimacing and motor restlessness 
Subsequently improvement giadually set m, aftei four months, howevei, 
apathy and dulness still persisted 

Helland-Hansen 21 described the case of a woman aged 33 who had 
been suflfenng foi eight years fiom seveie diabetes and who was given 
212 units of insulin daily AVhile she was in a hypoglycemic coma, 
mistaken by the family doctor for hypeiglycenna, she was given 160 
units of insulin subcutaneously and 160 units intramusculaily The 
coma peisisted for thiee days, dui mg which Cheyne-Stokes respiration, 
clonic aamps and reflex changes weie obseived Then for nine days 
theie existed a dream state, with symptoms of paikinsonism, tiemor, 
perspuation, a maskhke face and slowness of thought Later improve- 
ment occuned, but after seven months the patient was still an invalid 
and had to be accompanied v hen going out Labbe and Boulin 22 
described a case charactenzed pimcipally by neuiologic irregularities 
They obseived a patient 33 yeais of age who in addition to hypoglycemic 
coma presented hemiplegia and aphasia of the light side Aphasia was 
still present aftei two months They believed the) were justified in 
defmitel) excluding a pnmaiy vascular distuibance 

Also, m diabetic patients treated with piotamme zmc msulm, the 
hypoglycemic symptoms, once they have occuired, have not seldom been 
seen to disappeai only aftei some hours oi sometimes only after some 
days, m spite of the fact that the blood sugai has been at noimal levels 
foi some time In these cases it should be assumed that the protamine 
zmc insulin had an unfavorable influence on the cential nervous system 
The fact that protamine zmc insulin can keep the blood sugai at 
abnoimally low levels for many houis points to a danger for the central 
nervous system The already rathei high peicentage of patients treated 
with protamine zinc insulin who have died of hypoglycemia points m 
the same direction 23 

We shall now report 2 cases of senous damage to the biam The 
first case was that of a schizophrenic patient in whom a complication 
occurred during administration of the therapy of Sakel , the second was 
that of a psychically sound diabetic patient treated with legular and 
piotamme zinc insulin who lemamed m a comatose state for many days 

21 Helland-Hansen, B Psychose nach Insulinvergiftung, Norsk mag f 
laegevidensk 98 1306, 1937 

22 Labbe, M , and Boulin, R Les accidents hermplegiques au cours de 
l’lnsulinotherapie, Presse med 45 22S, 1937 

23 Dangei of Protamine Insulins, editorial, JAMA 111 254 (July 16) 
1938 Wilder, R M Disease of Metabolism and Nutrition A Review of Certain 
Recent Contributions, Arch Int Med 59 329 (Feb) 1937 Boiler, R, and 
Pilgerstorfer, W Die Hypoglykamie bei Protamin-Zmk-Insulinanwendung, Klin 
Wchnschr 17 1065, 1938 Groen, J , and Garrer, A H k Death Due to Hypo- 
glycemia During Treatment with Protamine Zinc Insulin, Nederl tijdschr v 
geneesk 83 1844, 1939 
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Although the blood sugar of the diabetic patient had not been determined 
during the initial days of the coma, the s) ndi ome 1 esembled that of the 
schizophrenic patient, as well as the syndiomes obseived m othei 
patients descubed in the hteiatuie on the subject, to such an extent that 
we believe we may confidently call the case an instance of h) poglycemtc 
damage to the biain 

REPORT Or CASES 

Case 1 — K Z, a man aged 25, a German lefugee and merchant’s apprentice, 
was admitted to the sanatorium March 7, 1938 He refused to learn a trade and 
gave as a motive that he was a great singer During the first months of 1938 
he voiced paranoid ideas, viz , that he was forced to marry against Ins vv ill , 
that at night he was narcotized , that his fillings were being pulled from his teeth , 
that he was being poisoned with anthracite put in lus cocoa In the street he 
exposed himself, thinking “they” wanted to turn him into a girl On admission 
to the sanatorium his behavior was theatrical , he suddenly cried out, thinking 
that he was being murdered He was strongly cataleptic and gave way to senseless 
screaming fits and catatonic states of agitation On physical examination, includ- 
ing studies of the blood, urine and cerebrospinal fluid, no abnormalities were found 
Wassermann tests of the blood and cerebrospinal fluid were negative His con- 
dition was diagnosed as schizophrenia 

In April 1938 Sakel’s insulin shock treatment was started On the fifth day of 
treatment coma set in, on the administration of 80 units of insulin Bv the twenty - 
fourth day of treatment the patient had been in coma seventeen times Pi lor 
to becoming comatose he was always very restless, while comatose he had 
tonic cramps The coma on the twenty-fifth day of treatment, after 90 units 
had been administered, resembled the previous ones, but the patient did not 
recover consciousness after oral administration of dextrose Neither intravenous 
admimstiation of dextrose nor injection of epinephrine hydrochloride gave a 
bettei lesult, although the level of the blood sugar was laised to 220 mg per 
hundred cubic centimeters Lumbar puncture did not produce improvement either 
The temperature was 40 8 C (1054 F), the pulse rate, 200 Elccti ocardio- 
graphic examination revealed sinus tachycardia The blood pressure was 140 
systolic and 70 diastolic , the respirations were 46 pei minute and fairly regular 
There were occasional myoclonic spasms in the face and there were move- 
ments of the arms and legs Babmski’s sign was present on the right side , 
tendon reflexes w’ere present The therap\ consisted in intravenous injection of 
200 mg of theophylhneethylenediamine The comatose state still persisted The 
corneal and pupillary reflexes were present In the evening he was calmer the 
pulse rate was 140 and the temperature 39 7 C (103 4 F) 

The next da\, May 26, the condition remained the same The pulse rate was 120 
and the tempeiature was 38 8 C (101 8 F ) , the respiratory rate was 28 There 
were constant slight myoclonic spasms and swinging movements of the limbs The 
tendon reflexes were normal The abdominal and cremastenc reflexes were absent 
There were no signs of meningeal irritation Babmski’s sign was present on the right 
side No obvious abnormalities of the fundus oculi were observed The cerebro- 
spinal fluid was normal The sugar metabolism was disturbed There was sugar m 
the urine, with albumin and casts The therapy consisted in intravenous adnumstra 
tion of a hypertonic solution of sodium chloride The patient was fed by an oral 
tube a diet uch m vitamin P> complex On May 27 the comatose state was a little 
less profound thcic was a reaction on pain stimulation, and Babinski’s sign had 
disappeared Herpes labiahs developed On Mav 28 the patient was somnolent 
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When his name was called, he hardly woke up Feeding was no longer artificial 
There was a lowering of the temperature On May 29 ptosis of the left eye 
appeared, also strabismus and somnolence Clinically there was a great resemblance 
to the syndrome of severe encephalitis The therapy consisted in intravenous 
injection of a 40 per cent solution of methenamine On May 31 the more con- 
sciousness returned the greater his restlessness became There were typical rolling 
movements along the body axis, accompanied by digging of the head into the 
pillows and swinging movements of the limbs The condition bore slight resem- 
blance to chorea There was continuous salivation He obviously could not 
pronounce a single word, but he uttered some unintelligible sounds 

On June 8 he had fits of crying and many symptoms of Parkinson’s syndrome 
The forearms were ngidlj flexed and the head bent, alternated by ballistic and 
rolling movements of the body Salivation continued, ptosis disappeared, the 
cremasteric reflexes returned , the abdominal reflexes were still absent His behavior 
was noncooperative On June 10 the patient uttered a few words In bed he 
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always had the same typical rolling and swinging movements Sucking and 
biting reflexes appeared as soon as any object was made to touch his mouth 
He could not take food without assistance On June 20 he pronounced his name 
and was able to tell time by his watch There remained persistent incontinence 
of feces and urine On June 23 his walking was ataxic, he could not write or 
read, showed paraphasia, motor and sensory aphasia and slept much On June 28 
he had echolaha, no notion of time and place and a disturbed memory Polyphagia 
developed He ate whatever was put before him, even tobacco, grass and wood 
wool Sucking and biting reflexes were present, and the abdominal reflexes 
returned 

On July 7 psychologic examination revealed motor and sensory aphasia, 
agraphia, tactile agnosia, alexia and extreme amnesia The higher psychic functions 
had disappeared Only a few strongly automatized fragments of former knowledge 
were still present 

On August 12 he had persistent alexia, his memory improved and the aphasia 
disappeared The motor functions were slightly disturbed His behavior was 
infantile, with faulty speech and permanent masturbation 

On September 17, the intellectual level, experimentally ascertained, was that 
of a child of 8 
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On April 16, 1939, the greater part of the motor functions had been reccwercd 
Alexia, which of all disturbances had been the most se\ere and the most per- 
sistent, had now disappeared The intellectual functions appeared experimentally 
to have been, for the most part, reco\ered Relatne to the period from February 
to September 1938 there was total amnesia Remnants of megalomania could 
still be observed, as well as disturbances of judgment The infantile bchauor 
persisted Roentgenograms of the skull were normal 

Laboiatoiy Data — In table 1 a number of data from examinations of the 
urine and blood have been combined During the first dajs there was a dis- 
turbance of the sugar metabolism, l e , hyperglycemia and glycosuria This dis- 
turbance soon disappeared, how ever, and made way for a contrasting picture, uz, a 

Table 2 — Laboi atoi y Data on the Blood (Cases l and 2) 



zr O 

cj CJ 

o r " 





fSo 

kx: o 
Oq h 

U. 

I! 

U 

5 r " 
O 


CO 

5E S 

S a 

CJ ~ 


lo 


I 

CJ 

d|« 

!2l» cl 

o * 

G C 

% « 
II 

oO 

Crt o 

CJ o 

o- 

”5 

*b>J 

r 

■St o-o 

o g 

o o 

o 

o 

P 

P c C 

S3 « 

O'r- 

V p. 

Jh 

Case 1 






3/25 

582 

38 

30 9 


17,000 

5/2G 

553 




1G.300 

5/27 

588* 

40 




5/28 





13, GOO 

5/30 

5G4 

31 

48 4 


8, GOO 

0/ 2 





13,100 

0/ 9 

571 

2G 

49 3 

100 

9,900 

G/1G 





10, COO 

G/27 

307 




9,400 

7/ 4 

5G0 

24 

471 

320 

7,100 

9/ 5 

589 



250 

5,300 

Case 2 






2/1G 






G/15 


Urea, 100 




0/18 





S,00o 

7/19 





5,800 

7/24 

655 

Urea, 5G 

52 7 

280 

G,500 

8/17 

503 

Nonprotcin 54 7 


4,900 



Kitrogen, 

23 



10/20 

580 

Urea, 31 

515 


5,000 


White Blood Cells 

A 


Is P 

c . . 


in 

D 

o 

C 

UJ 

O 

tn 

”5 

o 

c n 
« 

c 

CJ 

c 

5 

CJ 

UJ 

c 

O 

*3 

CJ 

4— > 

a 

o 

5 

■*-> 

o 

O 

E 

m 

CJ 

■*-> 

O 

o 

G 

O 

4-3 

C5 

4-> 

G 

Cl 

§ 

o 

o 

4-J 

a 


G 

CJ 

U 

o 

c 

*n 

Xi 

W 

P 

S3 


P 

rZ 

W 

K 





o 

8G 

12 








8 

49 

37 

G 





3 

1 

3 

54 

37 

2 





1 

1 

5 

38 

50 

5 





o 

1 

3 

58 

CO 

2 


Cl 

6 

°/oo 








48 



2 

1 

o 

44 

44 

7 





1 


3 

43 

49 

4 


10 

3 

n °/oo 

5 



44 

50 

1 


8 



3 


1 

G2 

33 

1 


5 



1 

1 

3 

54 

38 

3 


3 





S 

77 

7 

8 


20 



o 


3 

G.3 

29 

3 


9 



2 


1 

C9 

27 

1 


G 

3 

°/oo 

o 


4 

G9 

22 

3 






* During treatment ruth sodium chloride 


low sugar content and only a slight increase after administration of 100 Gm of 
dextrose For instance, the blood sugar curve taken on July 4 showed the follow'- 
mg values 68 mg per hundred cubic centimeters before 100 Gm of dextrose 
was administered , at one-half hour after the administration of dextrose, 119 mg , 
at one hour, 107 mg , at one and one-half hours, 98 mg , at tw r o hours, 56 mg , 
at three hours, 80 mg , at four hours, 84 mg , and at five hours, 89 mg This 
curve was determined during a period m which the patient ate and drank a good 
deal, eating often as much as sixteen slices of bread in the morning and voiding 
2y 2 liters of urine on an aierage The cholesterol content of the blood increased 
from 160 mg per hundred cubic centimeters on June 9 to 320 mg on July 4 The 
laboratory data on the blood ha\e been summarized in table 2 During the first week 
there w r as a slight increase in the nonprotein nitrogen content The chloride content 
was constantly fairly low r During the comatose state there was a rather marked 
leukoc\tosis, with hmphopenia and an absence of monoc\tes on the first da> 
and with an increase of nonsegmented neutrophils and hmphocjtosis with 6 per 
cent monocjtes on the third da\ , eosinophil cells were not obsened before the 
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fourth day The number of leukocvtes decreased to normal m the month of June 
Lymphocytosis persisted The initial strongly increased rate of sedimentation 
of the erythrocytes also gradually subsided to normal With few exceptions, 
repeated examination of the spinal fluid (table 3) showed normal values The 
blood pressure, which had not been taken on the first day, still showed an increase 
on the second day, 230 mm , later it subsided to normal The chloride content 
on the first day was high, 783 mg of sodium chloride per hundred cubic centi- 
meters This certainly was abnormal in proportion to the chloride content of the 
blood plasma, 582 mg of sodium chloride per hundred cubic centimeteis The 
lumbar puncture was made fifteen minutes after taking the blood pressure 

Summary — A patient who was being treated foi schizophi enia with 
insulin was not awakened fiom the coma produced by administering 
90 units of the diug, notwithstanding a copious suppl) of sugar and a 


Table 3 — Lciboiatoiy Data on the Ce> cht osptnal Fluid (Cases 1 and 2) 
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* After intravenous injection of sodium chloride 


normal blood sugai content Aftei thiee days of coma, consciousness 
gradually returned In addition to fever, tachycardia and tachypnea, 
extensive neurologic and psychic symptoms w r ei e lecoided which per- 
sisted for man}'- months 

Case 2 — A laundryman now 22 years of age entered Juliana Hospital, Apel- 
doorn, in a state of coma on July 15, 1938 During April 1936 he had been 
nursed in the same hospital on account of a pelvic and left femoral fracture 
sustained in a motorcar accident On that occasion he had not been unconscious In 
the past he had always been healthy Thirteen days after the accident the patient 
started drinking great quantities of water and urinating much and frequently 
No dextrose was found in the urine during the first five days after the accident 
On the thirteenth day, howevei, 200 Gm of dextrose was excreted With the 
patient on a regimen of 15 and 10 units of regular insulin the urine could easily be 
freed from dextrose In July the patient started working aeam 

In March 1937 he entered the medical department of the Utrecht University 
Clinic (Prof Hymans v d Bergh) as for the last few months he had been very 
thirsty again and had excreted a high percentage of dextrose in the urine It 
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appeared very difficult to regulate lus sugar metabolism While on the one hand 
the blood sugar rose very quickly after the injection of carboln dratc without 
insulin and the blood sugar during fasting was very high, often as much a* 
500 mg per hundred cubic centimeters, on the other hand there existed a great 
sensitivity to insulin Several times there were hypoglycemic manifestations \ftei 
five months the patient left the clinic on a diet of 160 Gm of carbohydrate and 
30, 10 and 25 units of insulin per day 

In the middle of February 1938 he reentered the clinic on account of emaciation 
and increasing glycosuria The administration of protamine zinc insulin was 
instituted at once It appeared possible to control his sugar metabolism satis- 
factorily with 40 units of protamine zinc insulin in the morning and 20 units of 
unmodified insulin m the afternoon The excretion of sugar ranged from 0 to 40 
Gm of dextrose per day He left the clinic on April 23 and returned to w’ork 

On Sunday morning, June 12 the patient took lus insulin as usual at 7 30 
His family did not notice anything unusual He told them he was going back to 
bed but that he would come dowm to breakfast in half an hour He did not 
reappear, however, and his family found him lying against lus bed, dazed and 
sleepy He still uttered some w'ords to the effect of w'anting to eat lus porridge, 
but he became more and more dazed A physician w'as sent for On the latter’s 
armal the patient was in a subcomatose state He did not perspire, lus mouth 
secreted a mucous fluid The physician injected 60 units of insulin Total coma 
set in, which lasted for many days On the evening of June 12 the physician 
injected 40 units of protamine zinc insulin, the next day he injected 20 units 
supplemented by 40 units of unmodified insulin, and, as acetone (no dextrose) 
was found in the urine, he administered sodium bicarbonate and dextrose per 
rectum No other food was given The next day the physician again administered 
20 and 40 units of insulin, 3 5 Gm of sugar per hundred cubic centimeters having 
been found in the urine at the time The following day he gave the patient 20 
units of insulin twuce On admission to Juliana Hospital that night the patient 
was in deep coma Examination by Dr Rodbard, director of the hospital, revealed 
that his pulse and respirations w'ere normal , there was no question either of 
Kussmaul’s or of Cheyne-Stokes respiration The skin w r as dry, with mam 
spots of decubitus The tonus of the bulbus ocuh w r as normal and the tonus 
of the muscles of the extremities w'as lowered The patient did not react to 
pain stimulation The reflexes of the corneas and pupils w'ere present Around 
the mouth there w'ere, as usual m hypoglycemic states, peculiar fibrillary' con- 
tractions There were no signs of meningeal irritation and no abnormalities of 
the lungs and heart The abdomen was sunken, and the abdominal reflexes were 
absent The reflexes of the low'er extremities were w r eak, Babinshi’s sign w’as 
present on both sides The temperature mounted to 37 8 C (100 F ), the blood 
sugai to 320 mg and urea to 100 mg per hundred cubic centimeters The urine 
levealed 5 per cent dextrose, the test for acetone was positne, that for diacetic 
acid w'as negative The test for albumin w'as slightly positne The patient wa« 
incontinent of feces and urine The treatment consisted in intravenous injection of 
sugai, administration of insulin and hypodermoclysis of plnsiologic solution ot 
sodium chloride 

The next day the coma was a little less profound, the patient was rather 
lestless and made choreatic and athetosic mo\ements with his arms The Hindus 
oculi was normal and the cerebrospinal fluid was clear and almost normal During 
the following days a slight impro\ement was observed The patient reacted on 
pam stimulation, he made sucking movements when the corners of his mouth 
weie touched with a finger and he swallowed liquid poured into lus mouth 
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Toward the end of June he became a little more lively, but otherwise his 
condition remained the same He behaved like a complete idiot He did not talk 
but continuously uttered bestial sounds Thus it became necessary to send him 
to the asylum for patients with mental disease, Apeldoornsche Bosch He stared 
vacantly, did not take any notice of his surroundings, did not react on being 
called and did not follow either light or people He slobbered and made con- 
tinual gnawing movements, he ate greedily, gnawed at the bedside and continued 
to be incontinent of feces and urine This condition has continued up to the 
time of writing, there is only very slight improvement At present the patient 
follows people who walk around his bed, but he does not recognize food when 

Table 4 — Blood Pi dm c Duunq Induced Hypoglycemia 
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it is held before his eyes He can walk, however^ in a very ataxic manner The 
reflexes of his abdomen have returned, and the positive Babinski and Chaddock 
signs on the left, which persisted longest, have disappeared, as have the sucking 
reflexes But another serious symptom has manifested itself The patient suffers 
regularly from epileptic convulsions, sometimes of the Jacksonian variety, alter- 
nately beginning on the right and on the left side 

Often, on account of such an epileptic state, it has become necessary to 
administer somnifen (a mixture of the diethylamine salts of diethylbarbituric acid 
and allyhsopropylbarbituric acid) intravenously However, a roentgenogram of 
the skull revealed no abnormalities The controlling of the sugar metabolism of 
this patient, who still is very sensitive to insulin and whose blood sugar rises 
quickly without insulin, has caused new difficulties He repeatedly refuses food 
after having received an injection of insulin a moment before Often he vomits 
what he has been fed artificially, especially during the days following convulsive 
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seizures All sorts of neurologic irregularities ha\e de\ eloped, and a number 01 
tunes Chevne- Stokes respiration for a long period A correlation between the 
lowering of the blood sugar and the convulsive seizures could never be pro\ed, 
however The question that remains to be answered is wh> the patient lapsed into 
coma on June 12 We behe\e that the blood sugar -values during fasting in the 
month of April may give an explanation While m the first five dajs of April 
the values amounted to 300, 262, 346, 344 and 170 mg per hundred cubic centi- 
meters, these figures were 185, 91, 226, 110 and 106 mg per hundred cubic centi- 
meters in the last days before the patient left the hospital, a curve which is 
consideiably lower The tendency toward a lowering of the blood sugar still 
persisted after his dismissal from the hospital, until at last hjpoglycemic svmptoms 
manifested themselves 

Laboi alo) y Data — Results of examinations of the blood and of the spinal fluid 
are summarized in tables 2 and 3 As the patient received little liquid duung the 
first three days of coma, the uiea content of the blood was increased to 100 mg per 
hundred cubic centimeters After the administration of liquid the urea content 
decreased lapidly It is true that the hematocrit value remained slightly mci eased 
This was due to polyuria There was constant excretion of sugar This also 
accounts for the low chloride values On the sixth day the blood, with a noimal 
quantity of leukocytes, showed a shift to the left, 8 per cent of the cells being 
monocytes, without any eosinophil cells In the spinal fluid a slight increase in 
cells and globulin was revealed, which disappeared after three months The 
Wassermann leactions of the blood and spinal fluid were negative 

Summary — A diabetic patient tieated with legulai and piotannne 
zinc insulin was found in a comatose state and was given anothei 
60 units of legular insulin The coma peisisted for six days, after 
which seveial functions were giadually lecoveied, viz, eating, laughing, 
crying, emitting maiticulate sounds, defense against pain stimulation 
and, finally, standing up and ataxic walking All signs of lational think- 
ing, lnghei feelings and leasoned actions lemamed absent Bnefiy, the 
intellectual level finally leached by the patient was that of a complete 
idiot The entiie mental pictuie became that of an animal 

COMMENT 

The symptoms occuinng m both patients vveie stnkingl) sinnlai 
Duung the comatose state theie weie myoclonic spasms m the face and 
movements of the uppei extiemities sinnlai to those of patients with 
choiea and athetosis Of the neurologic distui bailees, Babinski’s sign 
and the absence of the abdominal leflexes peisisted longest In both 
patients sucking and biting leflexes, as well as pol}phagia and saliva- 
tion, occuried The spinal fluid contained nothing abnoimal The 
lnegulaiities in the fust patient vveie of a passing natuie, whereas those 
m the second were senous and cluonic At this point we may elaborate 
a few of the lnegulaiities observed 

1 The postcoma distui bailee of the sugai metabolism m case 1 ha 51 
been descubed also bv Ivastein 17 Lups - 4 observed that the longer the 

24 Lups, S Glucosurie nach Insulmhoma Kim Wchnschr 17 207, 1938 
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coma ensuing from Sakel’s insulin therapy is allowed to continue the 
more the glycosuna occurring after administration of an equal amount 
of dextrose increases It was his opinion that this is due to a distur- 
bance of the hvei In our opinion, however, the cause should be sought 
for m a cerebral disturbance 

2 In case 1 fairly marked albuminuria was found dui mg one 'week, 
m case 2 only a slight trace of albumin could be observed m the urine 

3 The very extended occurience of herpes labiahs in case 1 must be 
mentioned separately Pap 12 repoited this symptom in one of his 
patients 

4 In both cases, dui mg the coma the blood pictuie presented a shift 
to the left with absence of eosinophils, and in the first case, leukocytosis 
as well A similai blood picture has been noted in otbei cases of induced 
hypoglycemia, but only foi a shoit time, during the coma and a few 
hours after consciousness had been fully restored through the administra- 
tion of dextrose (table 4) In the case studied by Malamud and Grosh, 7 
too, no eosinophil cells weie obseived during a senous hypoglycemic 
state 

SUMMARY AND CONCLUSIONS 

A schizophienic patient in whom coma was produced by the admin- 
lstiation of 90 units of insulin recoveied consciousness only after three 
days, m spite of a noimal and even increased content of sugai m his 
blood Dui mg this period and following it theie occuired, m addition 
to neuiologic and psychic symptoms, nregulanties in the sugai and 
water systems, also initially a high tempeiatuie, tachycardia and tachyp- 
nea Most of these symptoms disappeared after one yeai 

A diabetic patient without psychic abnonnahties, who was treated 
with regular and piotamine zinc insulin, became comatose and was given 
60 units of insulin Aftei a coma of six days a slight improvement 
took place Extensive neuiologic disturbances veie obseived The 
intellectual level leached by the patient was that of a complete idiot 
Because of the great similai lty in the sjmptoms of the two patients 
it is our contention that ceiebial damage caused by msulm-mduced 
hypoglycemia must be assumed to have occuned in the second patient 
as well, in spite of the lack of data on the blood sugai values during 
the first days of the comatose state 

Thus, the danger to the bram ensuing from Sakel’s technic and 
from the treatment of diabetic patients with insulin and piotamine zmc 
insulin should not be underestimated 

Prof de Langen, Dr Kulst, Dr Rodbard and Dr Simons provided the details 
from the clinical records in case 2 



DISSECTING ANEURYSM OF THE AORTA 
JOHN A REISINGER, MD 

WASHINGTON, D C 

It is stated m the 1928 edition of Oslei and McCiae’s textbook 1 that 
“dissecting anemysm is uncommon There weie onh two cases m 
sixteen years at the Hopkins’ Hospital wheie aneuiysm is exceptionally 
frequent” Piofessoi Shennan, m a monogiaph,- reviewed all the 
repoits m the liteiature up to 1934 and accepted 297 cases, including 
his own, as instances of true dissecting aneuiysm of the aoita 

In the Amencan liteiature since 1932 at least 65 cases haxe been 
lepoited Hambuiger and Ferris 3 lepoited 6 cases in which the con- 
dition w^as discoveied at autopsy, all 6 cases w r ere obseived within the 
shoit peiiod of seven months, wdnle m the piecedmg nine yeais only 
10 cases had come to necropsy at the Cincinnati General Hospital The 
incidence noted by other authois 1 has been 1 case of dissecting aneuiysm 
m 300 to 500 autopsies The 4 cases descnbed m this leport were 
observed m the course of a yeai, dui mg wdnch time about 180 autopsies 
were peifoimed and appi oximately 2,000 patients weie treated m 
the hospital Such a high incidence is undoubtedly foitmtous, but it is 
obvious that the dissecting type of aneunsm is not so uncommon and 
that the lecogmtion of the condition is of piactical as well as academic 
impoi tance 

I leport 4 cases of dissecting aneurysm, prcned to be such at autopsy 
Two of these will be descnbed in some detail because the patients lived 
a consideiable length of time (93 da>s and 14 months, respective!} ) aftei 
the onset of their illness In one of these the diagnosis was made befoie 

From the Cai dnw ascular Unit, Vcteians’ Administration, Washington, D C 

Published with the permission of the Medical Director of the Vcteians’ Admin- 
lstiation, wdio assumes no responsibility for the opinions expressed or the conclusions 
drawn by the authoi 

1 Osier, W, and McCiae, T The Principles and Practice of Medicine, 
New' York, D Appleton and Compam, 1928 

2 Shennan, T Dissecting Aneunsms, Medical Research Council, Special 
Report Series, no 193, London, His MajestCs Stationery Office, 193-1 

3 Hamburger, M, Jr, and Ferris, E B , Jr Dissecting Aneunsm, Am 
Heart J 16 1 (July ) 1938 

4 (a) Glendj, R E , Castleman, B, and White P D Dissecting Aneunsm 
of the Aorta, Am Heait J 13 129, 1937 (b) W eis*- S Clinical Course of 
Dissecting Aneunsm of Aoita, M Clin North America 18 3117, 1935 
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death (case 1) Of the patients, 3 were white and 1 was Negio Their 
ages ranged fiom 39 to 50 years, with an average of 44 years There 
was no evidence of syphilis in the hisloiy, serologic leactiOns oi lesults 
of examination of any of these patients 

REPORT Or CASES 

Case 1 — A J M, a Negro aged 41, who had had no significant illnesses 
except pneumonia five years previously and who had been in good health until 
the presenting illness, was admitted to the hospital of the Vetcians’ Administration 
on Dec 14, 1936 He had never been told that his blood pressure was high, and 
nothing in his history suggested the presence of significant hypertension 

He stated that after an evening meal, several days before his admission to 
the hospital, he suddenly had become nauseated and had vomited as he was going 
upstairs to his room He noticed some pain in the upper region of the abdomen 
at the time, and he took a dose of castor oil, which was promptly returned Not 
feeling any better, he went to a hospital, an enema was administered, and after 
about four hours’ observation the physician allowed him to return home He 
continued to have nausea and abdominal discomfort, so his family physician was 
consulted , medication was prescribed, apparently for the relief of “ptomaine poison- 
ing,” but it was without effect After an attack of coughing an increase in the 
severity of his symptoms led him to apply foi admission to tins hospital 

The chief complaints noted on admission were pain over the upper portion 
of the abdomen, especially on the right side, nausea, vomiting and “gas on the 
stomach” The first examiner was impressed principally by the abdominal symp- 
toms and signs, although there was some question in Ins mind whether the 
complaints had an organic basis The abdomen seemed tender over the umbilicus, 
and the muscles on the right side were slightly rigid The temperature was 
99 2 F , heal t rate, 60 , leukocyte count, 9,500 There were a few red blood 
cells in the urine Ihe blood pressure was 150 systolic and 90 diastolic The 
heart was not enlarged, the rhythm was regular, and no murmurs were heard 
It was noted that the peripheral arteries were thickened to a marked degree for 
so young a man 

During the following month m the hospital the patient did not feel well but 
did not appear seriously ill He continued to have inconstant pain in the epi- 
gastrium, extending around to the right lumbar region and down the spine, from 
the intercapsular region to the coccyx Dunking cold watci increased the pain, 
and after eating he would become nauseated and regurgitate his food He did 
not sleep well at night, was constipated and passed only small quantities of urine 
' The temperature during this period ranged from 100 to 101 F On the third 
day after admission there was leukocytosis (12,000 cells) The erjthrocyte count 
on admission was 4, 420,000, and the hemoglobin content was 14 Gm per hundred 
cubic centimeters , it dropped to 3,800,000, with a hemoglobin content of 10 5 Gm , 
in the course of a month The urine showed a specific gravity of 1 029 , no red 
blood cells were noted after the first specimen After an intramuscular injection of 
1 cc of phenolsul f onphthalem, he was able to void only one specimen at the end 
of an hour and none in the ensuing few hours The specimen voided did not 
contain enough dye to color the urine when alkahmzed The chemical composition 
of the blood on the same day was within normal limits 

Studies of the gallbladder showed no abnormalities Agglutination reactions 
were negative for typhoid, brucellosis and tularemia Intestinal tuberculosis was 
considered, but no acid-fast bacilli were discovered and the gastrointestinal roent- 
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genogiams were normal The first roentgenogram of the chest (fig 1) was 
taken two days after admission, the interpretation was that the heart was slightly 
enlarged, with widening of the supracardiac shadow There was a definite pro- 
jection of the first part of the aorta to the right, the arch was wade, and the 



Fig 1 (case 1) — Roentgenogram taken (at a distance of 6 feet [1 8 meters]) on 
Dec 16, 1936, about a wreck after the onset of symptoms 



Fig 2 (case 1) — A, taken Jan 7, 1937, about a month after onset, B, Jan 18, 
C, Feb 24, D, March 2 

knob was broad and rounded The descending aorta was denser than usual and 
tended to fill the concavity above the left ventricle The outline of the aorta 
appeared ragged, and the trachea w'as displaced to the right An electrocardiogram 
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(fig 2 A) taken about three weeks after admission was essentially normal except 
for an occasional sinus piematuie contraction On seveial occasions the rhythm 
of the heart suggested auricular fibrillation, but this was never confirmed by a 
tracing 

During the second month of his illness the patient felt fairly well although 

his temperature continued to be slightly elevated He was able to go home on 

pass without any untoward effects until, toward the end of the month, the nausea 
and belching returned and there was pam in the left side of the chest and of 

the abdomen and in the back A blood count at the end of the second month 

showed 3,180,000 red blood cells, with 9 8 Gm of hemoglobin per hundred cubic 
centimeters, and 17,950 white blood cells 

A second roentgenogram (fig 3 A) of the heart and aorta was made about 
this time The cardiac shadow was greatly enlarged and the supracardiac shadow 
was wuder, although the projection to the right noted in the first film was not 
observed Instead, the right border of the aorta formed a wide arc, the more distal 
and outer portions of which w^ere less dense The aortic knob w^as less prominent, 



Fig 3 (case 1) — A, roentgenogram taken (at a distance of 6 feet [1 8 meters]) 
on Feb 18, 1937 B, roentgenogram taken in recumbent position with use of Bucky 
diaphragm, March 5, 1937 

and the left supraventricular concauty w r as obhteiated The outline of the borders 
was still irregular 

Early m the third month of his illness the patient had a sudden attack of 
pulmonary edema, with marked dyspnea and shock He did not complain of any 
particular pam On examination the heart W'as appreciably enlarged , there were 
a gallop rhythm, a transient systolic murmur at the apex and accentuated second 
sounds at the base 

The patient had several such attacks over a period of forty-eight hours Between 
the attacks he was fairly comfortable but occasionally complained of precordial 
pam A blood pressure of 166 systolic and 108 diastolic w'as recorded during this 
period The heart sounds did not seem abnormal, and no murmurs w'eie heard 

A third roentgenogram of the heart and aorta (fig 3 B) w r as taken, using a 
Bucky diaphragm The patient was m the recumbent position This film was 
not comparable with the previous ones because of the change in position and 
technic, but it demonstrated the great widening of the aorta, particularly the 
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descending poition An electrocardiogram (fig 2D) taken at this time showed 
imersion of the T waves m leads I and II, with an upright (minus) T w'ave in 
lead IV 3 (original technic) The tracing did not suggest the acute changes of a 
coionary occlusion, although it was interpieted as showing evidence of myocardial 
damage 

At this time it w'as noted that arterial pulsation could not be felt in the 
popliteal, dorsalis pedis or posterioi tibial aitenes, although the femoral pulses 
w 5 * 7 eie palpable On the basis of this absence of pulsation, together with the changes 
m the roentgenograms of the heart and aorta, the absence of electrocardiographic 
changes typical of coronal y occlusion and the absence of a drop in blood pressure 
a diagnosis of dissecting aneurysm of the aorta was made 

The patient continued to have attacks of pulmonary edema, with surprising 
lecovery following each of the acute manifestations Morphine and atropine, 01 
morphine alone, were ahvavs administered and seemed to give lehef It was 
noticed that the percussion note posteuorly to the lett of the spine from the fifth 
tnoiacic to the ninth thoracic -\ertebra w'as absolutely flat and that a loud, rough 
systolic murmut could be heaid in this legion and now'here else Also, the patient 
complained of pam aiound the left side of the thorax in a segmental distribution 
The patient manifested gradually increasing heart failure and was irrational, 
sci earning out at times The periodic attacks ot dyspnea with pulmonaiy edema 
lccuned, although the patient appeared comfortable immediately before death, 
which occurred just three months after admission and ninety-three days aftei 
the first symptom Death w'as due not to external luptuie of the aneurysm but 
to heart failure 

Postmoi tern Examination — The descending aorta presented a tiansverse teai 
of the mtima across the entne circumference of the vessel, about 10 cm below 
the arch Blood had accumulated W'lthin the split coats of the aorta throughout 
the thoracic and abdominal length of the aorta About 5 cm above the bifurcation 
into the iliac arteries theie was a second tear in the mtima where a moie saccular 
aneuiysm, not connected with the previous one and containing an older, laminated 
clot, extended along the iliac arteries to Poupait’s ligament There was no evi- 
dence of erosion The wall of the abdominal aorta was blackish and soft 

The pericaidial sac contained about 200 cc of bloody fluid The hemorrhage 
apparently originated in an adherent area at the reflection of the pencardium 
fiom the aorta The heart weighed 460 Gm The muscle was pale but had 
firm consistency, and on microscopic examination the muscle fibers were seen to 
be large The coronary artenes showed only a few patches of atheromatous change 
The left pleural cavity contained several hundred cubic centimeters of seious 
tiansudate The left lung was definitely contracted, due in part to the presence 
of fluid The right pleural cavity had synechial adhesions but no clot Both 
lungs were quite heavy and solid and weie filled with frothy blood-tmged fluid, 
and in all lobes there were areas of pneumonic consolidation 

Comment — This patient presented a clinical pictuie which is less 
commonly described for dissecting aneurysm of the aoita The absence 
of a histoiy of previous hypertension does not necessarily indicate that 
the blood pressuie had not been elevated, although it probably was never 

5 The chest electrode was placed over the apex of the heart and connected to 

the left arm lead The indiffeient electiode w 7 as placed on the leg and connected 

to the left leg lead 
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excessively high Theie was no history of unusual exertion Pam was 
not a prominent symptom, when piesent it was abdominal, and it did not 
become thoiacic until late in the illness Nausea and vomiting were the 
principal complaints, as will be noted m the succeeding histones, these 
symptoms were common to the othei 2 patients from whom a history 
could be obtained Low grade fever, leukocytosis, anemia and hematuria, 
often reported m patients with dissecting aneurysm, were presnet m this 
case In retrospect, the rathei sharp decline in the numbei of red cells 
and m the hemoglobin content duiing the course of the illness piobably 
indicated loss of cn dilating blood into the aneurysm , it suggests that such 
a finding in a patient who survives foi more than a few dajs may be 
of diagnostic significance 

The piogressive changes m the electiocardiograms over the three 
month period are of some intei est The T waves in leads I to III were 
upright about thiee weeks after the onset of symptoms, and the ST 
segments in leads I and II were slightly elevated A second tracing 
taken five weeks later showed inversion of the T w aves in leads I and II 
and without any deviation in the ST intei val Five days later the 
T waves m leads I and II were again inverted and the T-vave in 
lead IV was upright (minus) In a tracing about two weeks before 
death the T ivaves in leads I and II weie less deeply inverted and the 
T wave m lead III was flat, while the T wave in lead IV continued to be 
upnght (minus) There was a progiessive deciease in the voltage of 
the QRS complexes These changes were not associated with any gioss 
or microscopic evidence of mfaiction, and the coionaiy ostia and aitenes 
were not involved There was a small amount of fresh blood m the 
pencaidium and a small aiea of chionic pencaiditis with adhesions in 
the region of the aortic reflection of the pencaidium, but it is question- 
able if the latter was lesponsible foi the changes m the electiocaidi- 
ogram, which lesembled those observed with antenoi infarction of the 
myocaidium Although no structural lesion m the heart was found to 
account for the abnoimahties in the electiocaidiogram, the fact lemains 
that they developed aftei the onset of the dissecting aneuiysm 

The 1 oentgenograms also showed piogiessive changes duiing the 
corn se of the illness and, with the loss of pulsation in the arteries of the 
lower extremities, made the diagnosis of dissecting aneurysm tenable 

Case 2 — S M , a white man aged 50, was first admitted to the hospital on 
Jan 25, 1937 He stated that except for the usual childhood diseases he had 
been well until 1911, when he had acute nephritis with uremic coma He was 
serving m the Marine Corps at that time and after treatment in the hospital was 
returned to duty He was given a medical discharge m 1914, and the subsequent 
records to 1929 do not show a recorded blood pressure exceeding 130 systolic 
and 100 diastolic, even during acute attacks of disease 
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He had gonoirhea in 1904 but denied any lnstoiy of syphilis After dischaige 
from the service he was able to woik as a police officer until January 1937, 
although he had noticed some shoitness of breath and slight swelling of his 
ankles for about six months preceding his admission Eight years before admission 
he had had an attack of “stomach tiouble,” diagnosed as a peptic ulcer and treated 
as such, with practically complete relief of symptoms 

One day in Januaiy 1937 he worked harder than usual, and the next day he 
had to stay in bed because of kmfelike pains in his chest and dyspnea even at 
rest The pain was not relieved until he received a hypodermic injection He 
seemed to impiove for a few days, then his symptoms recuned, with pain, 
nausea and emesis, extreme dyspnea and palpitation He became unconscious and 
was bi ought to the hospital 

On admission he appeared to be dying, with Cheyne-Stokes breathing, auncular 
fibrillation (no electiocardiogiam was taken) and a blood pressure of 60 systolic 



Fig 4 (case 2) — Roentgenogram taken at bedside on Jan 27, 1937 

and 40 diastolic The following morning, however, the pain in his chest w r as 

relieved, the blood piessuie was 148 systolic and 116 diastolic, and the heart was 

regular The borders of the heart could not be satisfactorily determined, and the 
sounds were distant 

On admission the blood count showed 3,500,000 erythrocytes and 17,250 leuko- 
cytes, the hemoglobin was 112 Gm per hundied cubic centimeters The leukocy- 
tosis gradually decreased Three days after admission the nonprotein nitrogen of 
the blood was 46 1 mg per hundred cubic centimeters , the uric acid, 5 4 mg 

and the sugar, 78 mg The urine varied in specific gravity from 1 017 to 1 025 

Albumin was found in several specimens , a few white blood cells were always 
piesent, and there were led blood cells in 5 of 7 samples A roentgenogram 
(fig 4) taken at the bedside did not reveal any areas of infiltration or consolida- 
tion in the lung fields, but the aorta was unusually wide to the right and the 
aortic knob was prominent and dense, with an irregular shadow extending below 
to the pulmonaiy artery The heart did not appear enlarged 
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An electrocardiogram (fig 5 A) taken two days after admission revealed a 
legular sinus rhythm, notched P waves m leads II and III, diphasic T waves m 
leads I to III and in lead IV a T wave which could not be distinguished from the 
other undulations in the tracing Five days later an electrocardiogram (fig SB) 
showed definite inversion of all the T waves, deepest in leads II and III There was 
no significant change in the ST intervals or m lead IV These abnormalities were 
interpreted as evidence of myocardial damage but were not considered character- 
istic of acute coronary occlusion, although there had been changes in the con- 
figuration of the T waves in a period of five days 

The patient improved gradually, except that weakness persisted, and he was 
allowed to go home after two months of hospitalization, during which period 
his oral temperature had varied from 97 to 100 F 



Fig 5 (case 2) — A, taken Jan 27, 1937, B, Feb 2 

After his discharge from the hospital on March 26, 1937, the patient was more 
or less invalided because of dyspnea, precordial pain, weakness and palpitation 
In late September 1937 he contracted a cold, with severe cough, fever, chills 
and recurring pains across the front of his chest The patient was readmitted 
on Oct 4, 1937, for treatment of bronchopneumonia , he was obviously very ill, 
although his oral tempeiature was only 99 5 F The breathing was labored but 
not exceptionally rapid, and he was coughing The motion of the left side of 
the chest was markedly reduced, especially over the upper portion The per- 
cussion note to the left above the level of the third interspace was flat, and the 
breath sounds were practically absent in this area On the right the peicussion 
note was hvperresonant except posteriorly between the spine and the scapula and 
anteriorly for 5 or 6 cm from the sternum, below the second nb No rales 
were heard It was observed that the veins of the left side of the neck and 
over the midportion of the left side of the chest were dilated 
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A roentgenogram (fig 6 A) taken at the bedside at this time revealed a large 
shadow occupying the upper two thirds of the left side of the thorax There was 
also a rounded opacity projecting from the cardiac and aortic shadow to the right 
between the second and fourth libs anteriorly 

Two days later the patient was improved sufficiently for a roentgenogram to 
be taken m the erect position with the tube at 6 feet (183 cm ) This plate 
(fig 6 B) presented essentially the same picture as the film taken at the bedside 
The “arcuate excrescence” on the light border of the vascular area was more 
sharply defined, and m both loentgenograms this shadow was more definite and 
localized than in the plate taken nine months eailier (fig 5) 

The patient’s symptoms improved remarkably, and subsequent roentgenograms 
showed rather sharp demai cation of the shadow in the left upper region of the 
chest It seemed most probable that the patient had a tumor of the lung , therefore 
material for a microscopic study was obtained by use of the bionchoscope, by punc- 
tuie of the lung and by excision of a lymph node, but none of the specimens showed 
any abnormality In spite of the negative results, the patient was given a course 



Fig 6 (case 2) — A, roentgenogram taken at bedside Oct 5, 1937, B, taken at 
a distance of 6 feet, October 7 

of high voltage roentgen therapy to the left lung A roentgenogram taken about 
six weeks later (fig 7 A) showed some regression of the m«ss in the left upper 
region of the chest without change in the opacity to the right of the aorta Another 
plate taken six weeks later (fig 7 B ) showed further decrease in the size of the 
mass in the left upper region of the chest The shadow on the right of the aorta 
was unchanged, and the aortic knob was obviously large and rounded, with a 
convex shadow filling the concavity between the knob and the left ventricle This 
picture suggested a diagnosis of aneurysm, although the shadow m the left lung 
field was not explained 

The patient continued to improve and except for weakness felt quite well He 
was nauseated at times, presumably because of the loentgen treatment, but at 
other times was able to eat a fair meal About a week before his death he 
complained of some difficulty m swallowing liquids Some edema of the ankles 
was also noted shortly before death, and, since no rales were heard in the lungs, 
the edema may have been largely due to his marked anemia rather than to con- 
gestive heart failure In the last week of his life pain in the chest again developed, 
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and he was noticeably weaker Death finally ensued after a profuse hemorrhage, in 
which blood gushed out from the oral cavity 

The laboratory examinations revealed a marked decrease m the number of red 
cells and m the amount of hemoglobin There were 1,950,000 erythrocytes and 
7 Gm of hemoglobin, as compared with 3,500,000 er> thi ocytes and 112 Gm of 
hemoglobin on the first admission The urine contained albumin at the time of 
admission, and there were led blood cells in all of the specimens The highest 
specific gravity was 1 022, the excretion of phenolsulfonphthalein was 15 per cent 



Fig 7 (case 2) — Roentgenograms taken at a distance of 6 feet, A, Dec 8, 1937 , 
B, Jan 24, 1938 

in two hours The nonprotein nitrogen was 78 9 mg per hundred cubic centi- 
meters , the creatine, 2 2 mg , the uric acid, 8 3 mg , the sugar 90 mg 

Postmortem Evammatton — The body was that of an emaciated white man of 
about 55 years (actual age, 50) Both pleural spaces contained about 500 cc 
of transudative fluid, which was not bloody, and on the upper outer aspect of the 
left pleura, near the posterior axillary line, there was a globular swelling When 
cut into, the mass consisted of soft coagulated material with a yellowish muddy 
color, which proved to be necrotic blood without organization 

The pericardium contained a slight excess of clear, straw-colored fluid The 
heart weighed 340 Gm , which was slightly above the normal limit for a man 
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who weighed 150 pounds (68 Kg ) m health The muscle grossly had good 
consistency, without fibrosis The coionaiy aiteues were patent and showed a 
modeiate amount of mtimal change, with considerable thickening of the wall, 
especially in the posterioi artery In several areas along the anterior descending 
artery there weie small hemorrhages beneath the intima 

The aorta was inelastic, and the layers of the media were split from the begin- 
ning of the aorta to the arch, the fissure extending up into the great vessels of 
the neck This space did not contain blood At the postenor portion of the aich 
and along the thoracic aorta there appeared to be two sacs within the wall, one 
extending to the right, m close apposition to the esophagus and filled with a 
laminated clot, and the other piojecting to the left and containing fresher blood 
No sign of an mtimal tear oi of gross communication between the lumen of 
the aorta and the aneurysm was evident The esophagus was constricted by the 
aneuiysmal mass, and the mucosal surface in this area piesented numerous punched- 
out ulceis which might have communicated with the aneurysm 

The ongin of the blood in the penphery of the lung could not be definitely 
established, but presumably this blood had issued from a rupture through the 
adventitia and pleura All of the bronchi, on both sides, were plugged with blood 
clots, piobably from inspiration of blood dui mg the terminal hemorrhages 

The kidneys were small, red and granular The capsule of each was adheient, 
there were seveial small cysts in the parenchyma, and the cut surface showed a 
definitely reduced cortex, with white striae running out into it 

There was the scat of a healed ulcer on the anterior wall of the stomach in 
the prepi loric region 

Comment — In this case the histoiy was moie typical of the classic 
description of dissecting aneurysm in that the onset was characterized 
by seveie pain following more stienuous exertion than usual This, 
howevei, did not immediately precede the onset of symptoms Nausea, 
emesis and, at times, dysphagia were also present On several occasions 
theie was seveie cu dilatory shock, from which the patient recoveied 
promptly to lemam fairly comfortable foi considerable periods of time 
There weie slight fevei and leukocytosis at vanous times duung the 
illness, and the progiessive severe anemia was particularly significant 
The mine regularly showed red cells, and theie was retention of nitrogen 
m the blood, moie maiked immediately after acute attacks The patient 
gave a histoiy of acute lenal disease twenty-six years before, and the 
lenal insufficiency was probably due basically to chronic nephritis plus 
circulatory impaiiment subsequent to the development of the aneuiysm 
The lecoids up to 1929 did not show elevation of the blood pressure, 
and the absence of maiked caidiac hypeitiophy would aigue against 
pi olonged hypertension 

Two electiocardiogiams weie taken dui mg the patient’s first stay 
m the hospital, moie than a year befoie his death In the first one the 
T weaves m the leads I to III weie diphasic, while the isoelectric line 
m lead IV was so megular that a T wave could not be distinguished 
The RS-T intervals were isoelectiic In a tiacmg taken five days later 
theie v^as definite inversion of the T waves in leads I to III. with slight 
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depression of the RS-T uitei vals m leads II and III The T wave in 
lead IV was isoelectiic The patient leceived only 2 cc of digifohne- 
Ciba, this was admmisteied soon after his entrance to the hospital, and 
none was given subsequently No electrocardiogiams were taken during 
the second stay in the hospital The autopsy did not reveal any gioss 
areas of infarction, although a small ecchymotic ai ea beneath the anterior 
coronary artery showed changes m the muscle indicative of necrosis with 
replacement by fibrous tissue This, however, was a year aftei the 
electrocardiogram was taken, and the myocardial lesion was probably 
moie recent There may have been obstruction of the coionary ostia 
at some time, since the aorta in its hist portion was dissected but did 
not contain blood when examined at autopsy 

The roentgenograms weie particulaily interesting because of the 
picture produced by the subpleural hemoirhage and the localized 
bulgings from the aorta, which led to the clinical diagnosis of pulmo- 
nary neoplasm On the basis of the latei 1 oentgenograms, the presence 
of an aneurysm was suspected, and greater awareness as to the possi- 
bility of aortic dissection might have led to the diagnosis early in the 
course of the second hospitalization 

This patient lived a comparatively long time, perhaps because the 
aneuiysm did not communicate, through an intimal tear, with the lumen 
of the aoita This is a relatively uncommon occunence and may be of 
importance m the consideiation of the pathogenesis 

Case 3 — W H D , a white man of 48 years, an office manager, was admitted 
to this facility on Maich 18, 1937 The history was obtained from the patient's 
wife, who stated that he had been well until five years previously, when he began 
to suffer from faintness, vertigo and severe headaches At that time his blood 
pressure was found to be ISO systolic and 120 diastolic About one year before 
admission he had dyspnea, orthopnea, cough with blood-streaked sputum, and 
edema of the ankles , these symptoms had caused him to be bedridden for three 
months Recovery from this episode of congestive failure was apparently quite 
good 

About seven days before admission to the hospital the patient experienced an 
attack of agonizing pain across the anterior part of the chest and in the back while 
lifting a heavy object at his home The pain was severe for more than an hour, 
and a large dose of morphine was required to give any relief Associated with 
the pain were nausea, emesis, dyspnea and cold, clammy sweating The temp- 
erature was 99 F , and two days later, following a chill, it rose to 100 F He had 
several attacks of pain of lesser degree after the first one, the following signs 
and symptoms were observed during one such attack agonized facies, pallor, cold 
and perspiring skin, rapid and shallow breathing, clutching at the right posterior 
side of the chest with the left hand The blood pressure was maintained in the 
region of 160 systolic and 120 diastolic, although it had been as high as 220 systolic 
and 150 diastolic before admission to the hospital Death occurred on March 20, 
1937, nine days after the onset of symptoms 

On admission the erythrocyte count was 3,750,000, the hemoglobin content, 13 5 
Gm , the leukocyte count, 17,500 The urine was normal An electrocardiogram 
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was not obtained A roentgenogram (fig 8) taken at the bedside showed a wide 
supracardiac shadow, widening of the left border of the heart and an opacity m 
the right pulmonary field 

Postnwi tern Examination — The aorta was dilated but retained consideiable 
elasticity, and the intimal surface was quite smooth up to the origin of the great 
vessels from the arch Just beyond the opening of the left subclavian artery there 
was an 11 regular tear in the mtima, extending somewhat transversely for about 
4 cm The layers of the aorta were dissected in both directions from this area 
for some distance, and there was a rupture through the external coats opposite 
the mtimal tear This opened into the posterior mediastinum, which contained 
large clots on both the left and the right side, with extension into the neck 

The heart weighed 600 Gm The pericardium contained about 20 cc of 
scrosangumous fluid, and beneath the visceial pericardium, especially over the left 



Fig 8 (case 3) — Roentgenogram taken at bedside March 18, 1937 

auricular appendage, there was a hemoirhagic infiltration The coronary arteries 
were not particularly sclerotic 

Both pleural cavities contained about 250 cc of serosanguinous fluid The 
lungs were partially collapsed, dry and pale 

Comment — The histoiy in this case fits the “classic” descuption of 
dissecting - aneurysm The patient was known to have had hypei tension 
for several years, and a sudden attack of agonizing pam developed 
during strenuous exertion The blood pressure tended to be maintained 
at a moderately high level except during shock associated with pam 
The dissection was relatively limited There weie no consolidated or 
congested aieas in the lungs to explain the shadow obseived in the light 
lung field on the loentgenogiam , this must have been associated with 
the contiguous hemorihage into the mediastinum 

Case 4 — B A , a white man of 39 years, was admitted to this facility on Sept 
7, 1937, and died shortly after admission Practically no history is available except 
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that he had complained of severe substernal pain before coming to the hospital, 
although his principal complaint when he was seen in the hospital was pain in the 
left leg 

Posfvioi teni Examination — The pericardium contained about 1,000 cc ot blood, 
patt of it clotted The heart weighed 58S Gm , and the muscle had firm consistency 
The ascending aorta was dark colored because of the blood in the wall, which 
considei ably reduced the lumen of the vessel There was a tear through the mtima 
about 2 cm in length, just above the sinuses of Valsalva, it communicated with 
the pericaidial sac through a small opening proximal to the pericardial reflection 
on the aoita There was a longer tear in the mtima, distal to the first, extending 
longitudinally almost to the arch of the aorta The outei coats of the ascending 
portion of the aorta were dissected The wall of the descending and abdominal 
poitions appeared intact, but at the bifurcation of the common iliac artery there 
was a small amount of clot in the wall without any intimal rupture 

Comment — Ruptuie into the pencardium is a fairly common termi- 
nal event in dissecting aneuij'sm 

COMMENT 

Since the clinical manifestations of dissecting aneurysm have been 
so adequately leviewed m lecent publications , 0 only a few of the features 
of this condition will be emphasized 

A common clesci lption 0(1 of the onset of symptoms in dissecting 
aneun sm is that the patient “suddenly experiences an agonizing, tearing 
pam, usually in the antenoi portion of the chest which feels 

as though something has been tom loose inside” Pam, indeed, is 
usually an outstanding symptom of dissecting anemysm, and this diag- 
nosis should be considered when pam is leferred to the anterior part of 
the chest It must be noted, however, that cases have been reported in 
which theie ivas no complaint 6 7 of pam leferred to the chest In some 
of these cases the patient was conscious of oppression oi constriction m 

6 (a) Blackford, L M, and Smith, C Coronary Thiombosis vs Dissecting 

Aneurysm in Differential Diagnosis, .i A M A 109 262 (July 24) 1937 (b) 

Claiborne, T S , and Holler, E D Dissecting Aneurysm of the Aorta, Am 
Heart J 15 358, 1938 (c) Boyd, L J, and Werblow, S C Coaictation of the 

Aorta, Dissecting Aneurysm and Aneurysmal Dilatation of the left Vertebral 
Artery, Ann Int Med 11 845, 1937 (d) McGeachi, T E, and Paullin, J E 

Dissecting Aneurysm of Aorta, JAMA 108 1690 (May 15) 1937 (e) Peery, 

T M Dissecting Aneurysm of the Aorta, Am Heart J 12 650, 1936 (/) 

Osgood, E F , Gourley, M F, and Bakei, R Diagnosis of Dissecting Aneurysm 
of the Aorta, Ann Int Med 9 1398, 1936 (g) Roesler, H , Gifford, U G , and 
Betts, W Dissecting Aneurysm of Aoita Am Heart J 13 426, 1937 (h) 

Wood, F C , Pendergrass, E P, and Ostrum, H W Dissecting Aneurysm of 
the Aorta, Am J Roentgenol 28 437, 1932 (i) White, P D , Badgei, T L, 

and Castleman, B Dissecting Aortic Aneurysm Wrong! j' Diagnosed Coronan 
Thiombosis, JAMA 103 1135 (Oct 13) 1934 ( j ) Sbennan 2 ( k ) Ham- 
burger and Ferris 3 (/) Glendy and others 43 ( m ) Weiss 4b 

7 Wood and otheis 01 * Hamburger and Ferris" 
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the chest As in coionary occlusion, the patient often does not lemembei 
or is incompetent to give details of his histoiy, and the failure to elicit 
a definite history of pam does not necessanly pieclude a diagnosis of 
dissecting anemysm One of our patients, who was semicomatose when 
admitted to the hospital, complained only of pam in his leg, although 
othei informants stated that eailier he had located the pam m his chest 

Two other patients had pam m the chest at the onset, but in only 1 
(case 3) did this symptom lesemble that of the “classic” descnption, 
m the fourth patient (case 1) the pam was always lefeired to the 
abdomen until shortly befoie death In this patient the descending 
and abdominal poitions of the aoita weie pnncipalfy involved Abdom- 
inal pam is quite common, it was the pnncipal complaint m 30 of 
Shennan’s 300 cases and in 15 of 50 recently lepoited Pam may also 
be l efei red to the back, shouldei s and othei locations , m tact, the 
pam of dissecting aneurysm does not follow any definite pattern oi 
have any paiticular location, and one is impiessed by its tendency to 
migrate to diffei ent anatomic legions Glendy, Castleman and White ln 
pointed out that the ladiation of the pain was raiely the same m any 
2 of then patients 

In addition to these charactenstics, a suggestive diagnostic featuie 
is a sudden and diamatic onset of catastioplnc symptoms, which may be 
suipnsmgly leheved, even without medication, if the patient suivives 
the original attack Symptoms tend to lecui aftei mteivals of lelative 
comfoit varying from hours to months, although m some cases the pam 
nevei recuis and the patient lives to die of some othei cause 

The occurrence of fever, of gasti omtestmal symptoms such as vomit- 
ing and dysphagia, of severe cnculatoiy collapse with low blood piessuie 
fiorn which the patient may lecovei lemaikably and of neivous symp- 
toms such as paialysis and unconsciousness has already been noted 
The laboiatoiy examinations m our cases revealed leukocytosis and 
anemia, the lattei was particularly significant m that it piogressed 
dui mg the couise of the illness, piesumably because of loss of cnculatmg 
blood into the aneuiysm and other tissues In l elation to such anemia, 
Osgood, Gourley and Bakei fif observed an mci eased icteius index, 
which they ascnbed to destruction of hemoglobin Theie was also evi- 
dence of lenal insufficiency m 2 of our patients, manifested by azotemia 
m 1 and by albuminuria, hematuna and low dye excietion m both In 
addition, 1 patient voided only small amounts of mine The patient 
with azotemia had had renal disease, but his mtiogen letention gieatly 
deci eased following lecovei y fiom the acute phase of the dissecting 
anemysm It is probable that the lenal blood flow was impaned in 
both cases by the reduction m the lumens of the tnbutanes at their 
onfices 
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When pam in the chest is a piesenting symptom, electiocardi- 
ogiaphic evidence is often of gieat value in dififei entiatmg the possible 
causes The data are not sufficient to establish what changes m the 
electiocardiogiam, if any, aie associated with dissecting aneurysm In 
only 15 of 127 cases collected 0d from the English hteiatuie up to 1937 
weie electiocardiogiams lepoited In some instances there weie no 
deviations from the noimal White, Badger and Castleman Cl took three 
tiacmgs within fom days on a patient with dissecting aneurysm which 
did not vaiy m any essential detail and did not show any abnormality 
Claiborne and Hollei cb leported foui tiacmgs on a patient which showed 
only gradually decreasing voltage of the QRS complexes The T wave 
m lead III was inverted m all tiacmgs 

Otheis have lepoited electiocaidiogiams in cases of dissecting 
aneuiysm which lesemble those in cases of myocardial damage due to 
coronal y occlusion Glendy, Castleman and White 13 showed a tracing 
with slight changes m the T waves in leads II and III suggestive of 
postenoi occlusion The light coionaiy ostium u^as involved in the 
aortic dissection 

McGeachy and Paullm cd descubed a senes of six electrocaidiograms 
on a patient with dissecting aneuiysm m which T in lead I varied fiom 
upnght to inveited, then became upright again and finally inveited 
T in lead II showed mci easing voltage as an upnght wave and sub- 
sequently became diphasic T in lead III was upnght in all tiacmgs, and 
in some it w ? as of high voltage In all of the electrocardiograms there 
w^as a tendency for the ST segment to be depressed in leads I and II 
and to be slightly elevated m lead III The QRS complex m lead III 
tended to be monophasic downward, oi diphasic with a deep Q wave 
The changes obseived in this senes of electi ocardiograms might be 
mterpieted as evidence of acute myocardial damage which could not be 
localized to an) particular aspect of the heart Since the pencardium 
contained a laige quantity of clotted blood, myocardial damage may have 
been lesponsible foi the changes, although there w r as no mention of 
myocaidial abnormalities other than hypeitiophy 

Osgood, Gouiley and Bakei CI descnbed two tiacmgs from a patient 
with dissecting aneuiysm, taken three and one-half months apart In 
the first, the T waves in leads I and II w^eie inverted, with slight depres- 
sion of the ST segments m both leads In the second tracing the depres- 
sion of the ST segments in leads I and II was marked, with elevation 
of the ST segment m lead III No mfaiction of the myocardium was 
found at autopsy The ST segment in an electrocardiogram taken on a 
second patient with dissecting aneurysm also showed depression of the 
ST segment in leads I and II and elevation m lead III 

Hambuiger and Ferns 3 described three electrocardiograms taken 
on a patient m which the T waves m leads II and III gradually became 
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inverted, with development of a deep Q wave in lead III The ST seg- 
ment became definitely elevated in leads II and III and slightly elevated 
in lead I, while the T wave in lead IV reveised its direction, appaiently, 
from positive to negative Except for the T wave in lead IV and the 
ST segment in lead I this would usually be considered evidence of 
damage to the posterior wall secondary to occlusion of the postenor 
artery There was subepicardial hemouhage sui rounding the posterioi 
ailery about 1 cm below its oiigm, although it was not stated whethei 
the lumen was deci eased There was no evidence of a myocardial 
infarct, and the authors did not think the pencardial hemonhage was 
responsible foi the electiocaidiogiaphic changes, since it must have been 
a teimmal event 

The electrocardiogiaphic abnoimalities noted m my cases and m 
those leported by otheis indicate that the absence of changes in the 
electiocaidiogiam should help to eliminate coionary occlusion m the 
differential diagnosis of dissecting aneuiysm, while the converse is not 
true Aftei the onset of dissecting aneurysm abnoimalities may appeal 
m the electi ocardiogi am which have no chaiacteristic pattern but often 
may simulate that of acute coronal y occlusion Furtheimore, there may 
be progiessive changes m the vanous complexes, as m coronary occlu- 
sion, which do not indicate any particular pattern of localization It is 
therefoie not possible to exclude the diagnosis of dissecting aneurysm 
on the basis of noncharacteristic electrocardiographic abnoimalities 

Roentgenogi aphy should offer consideiable aid m the diagnosis of 
dissecting aneurysm, but unfoitunately many patients are too ill to 
permit a satisfactory examination, and it is questionable whether a 
patient should be subjected to the exeition of having a telei oentgen- 
ogram taken when a dissecting aneuiysm is suspected Occasionally, 
as m 2 of our cases, the condition of the patient is not so giave, and the 
additional information to be deuved wan ants taking roentgenogiams 
Wood, Pendei glass and Ostium Gh descnbed the l oentgenologic features 
m 7 cases They directed attention to the defoimity of the supiacardiac 
shadow, which may be a meie widening or may be an arcuate excres- 
cence arising fiom some pait of the aoita They think that an extension 
of the shadow along a cervical vessel is the most pathognomonic i oent- 
genologic featuie, although it is infiequently seen Roesler, Gifford 
and Betts 0g pointed out that if an “aneuiysm involves only a pait of 
the circumfeience of the aoitic vessel and has a piedommantly lateral 
location with respect to the dnection of projection, it will be visualized 
as an outer, lighter shadow ” When possible, therefoie, it is desiiable 
to obtain oblique and lateial as well as sagittal piojections Since the 
majority of dissections occur in the ascending aoita, deformity of the 
shadow of this poition should be most common It may be difficult to 
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differentiate the changes that occui in hypei tension, aoititis 01 even 
mediastinal tumoi fiom those of dissecting aneuiysm, but displacement 
to the light of either the tiachea (as m case 1) or the barium-filled 
esophagus offers suggestive evidence of gioss enlaigement of the arch 
Iriegulanty in the outline of the shadow is often conspicuous and is also 
suggestive 

Since the dissection, if not immediately fatal, tends to lie piogiessive, 
serial roentgenograms may clearly show changes which can be accounted 
foi best by hemorihage into the stiucture involved In case 1 the 
changes in the roentgenogi am led to the antemoitem diagnosis, while m 
case 2 the interval between the examinations was so long that a rapidly 
glowing neoplasm might have produced the abnoimahties obseived 
The differentiation w^as fuithei complicated m tins instance by the laige 
opacity m the left upper pait of the chest Fluid has been noted fre- 
quently m the left pleural cavity and occasionally in the right, but it is 
usually seen at the base of the cavit} In one of the cases leported by 
Wood, Pendei glass and Ostrum 011 theie w r as an extension of the shadow 
of the aoi tic knob which pai tially obscui ed the left upper poi lion of the 
chest, and they mention that in 2 of then cases nonfatal luptuie of the 
aneuiysm into the mediastinum occui led It is necessaiy, therefoie, to 
consider the possibility of hemorrhage into the lung, pleura and medias- 
tinum fiom a dissecting aneurysm m the differentiation of shadows in 
the lung fields, especially when theie is defoinuty of the supiacauliac 
shadow 

The causes of dissecting aneuiysm deseive some comment The 
conception that the dissection is always or even usually dependent on a 
pnmaiy rupture of the mtnna followed by escape of blood fiom the 
lumen into the wall of the vessel is not acceptable One of oui patients 
presented a massive dissection of the aoita without any appaient bieak 
m the mtnna, and the fourth showed a small isolated hemonhage with 
dissection without mtimal ruptuie Intimal teais w^eie not observed 
m 2 of the cases observed by Hambuiger and Ferris, 3 and Wmteinitz 8 
made the statement that “there can be no doubt that the dissecting 
aneurysm anses from hemonhage within the vessel Avail, it does not 
have its origin from a teai of the inneimost surface ” Indeed mtimal 
teais and acute rupture of all coats may occui without dissection 
Shennan questioned whether the pressuie m the vasa vasoium is high 
enough to act as a dissecting force, m commenting on the dissecting 
aoititis described by Babes and Mironescu, and assumed that “the local 
splitting is favored by degenerative changes in the media, which must 
accompany and are leally dependent on the vascular alteiations ’ Peerv Ge 

8 Wmternitz, M C , Thomas, R M, and LeCompte, P M Studies in the 
Pathology of Vascular Disease, Am Heart J 14 480, 1937 



REISINGER— DISSECTING ANEURYSM OF AORTA 


1115 


Shennan - and otheis have described degenei ative and mflammaton 
changes in the media of the aorta Those which Shennan obsen ed w ei e 
seldom localized, but usually widespiead, he concluded that degenei ation 
of the media, due to toxins m most cases, was “the most liripoitant 
determining factor in the causation of dissecting aneurysm ” Peery 
stated that it was a general belief that disease of the aortic wall, usually 
of an athei osclerotic nature, was the most important factoi predisposing 
to dissection Since dissection occurs in arteries with comparatively 
little intinial change — without intimal rupture and usually with no 
changes closely related anatomically to those of atheroma — it seems more 
probable that the primal y disease involves the innei coats rathei than 
the intima Whethei this damage is due to toxins or to vasculai changes 
cannot be definitely established at present Certainly hemoirhage into 
the walls of blood vessels fiom the vasa vasorum is not uncommon and 
may be extensive enough to fill an aneurysm of considerable size Both 
the intimal rupture usually obseived and the external rupture may be 
comparatively late events 

SUMMARY 

Foui cases of dissecting aneuiysm, with postmoitem examinations, 
aie lepoited In 1 case the diagnosis was made before death 

Two cases were observed for periods of three months and fouiteen 
months respectively The changes piesent m the electrocai diogi ams 
and roentgenograms in these cases are discussed 

The absence of the typical pam of the syndrome was conspicuous 
m 3 cases, although m all cases seveie symptoms developed l athei 
abi uptly 

Theie ivas seveie progiessive anemia in 2 cases 
The absence of intimal rupture m 1 case suggests that mtramuial 
changes may be unpoitant in the causation of dissecting aneuivsms 
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In 1926 one of us (Wilder 1 ) reported a study of 38 cases of 
hyperthyroidism and diabetes The patients weie obseived during 
the period from Jan 1, 1923, to Dec 31, 1925, inclusive The present 
study is that of a series of patients seen duung a similar period, from 
Jan 1, 1935, to Dec 31, 1937, inclusive The patients in both series 
were divided into two gioups — those with exophthalmic goiter, and 
those with adenomatous goiter and hyperthyioidism, accoidmg to Plum- 
mer’s classification 2 In order to exclude any but true diabetic patients 
ive used Joslm’s standard foi diagnosis of diabetes in hyperthyioidism, 
which, as stated in his book, is a blood sugar content of 015 per 
cent during fasting oi of 0 20 per cent or more after meals, m addition 
to glycosuria 

Table 1 shows the fiequency of occurience of diabetes combined 
with hyperthyioidism A comparison is made with the figures obtained 
m 1926 Data for the fiequency of occurrence of diabetes with ade- 
nomatous goiter without hyperthyroidism have been included m the 
later senes 

Duung the interval of twelve yeais between reports the incidence of 
frank diabetes as a complication of hyperthyroidism has mci eased from 
1 1 per cent to 3 2 per cent As m the first leport, its occurience is moie 
frequent in adenomatous goiter with hypei thyroidism (5 6 per cent) 
than m exophthalmic goitei (17 per cent) The fact that exophthalmic 
goiter occurs m a jmunger age group may partially explain this dis- 
crepancy The average age of the patients with exophthalmic goiter and 
diabetes was 50 3 yeais, and that of patients with adenomatous goiter 
with hyperthyroidism and diabetes was 56 6 yeai s Another explanation 

From the Division of Medicine, the Mayo Clinic (Dr Wilder) 

Read at the meeting of the American Association for Study of Goiter, 
Rochester, Minn , April 17, 1940 

1 Wilder, R M Hyperthyroidism, Myxedema and Diabetes, Arch Int 
Med 38 736-760 (Dec) 1926 

2 Boothby, W M, and Plummer, W A Diseases of the Thyroid Gland, in 
Christian, H A Oxford Medicine, New York, Oxford University Press, 1936, 
vol 3, pt 2, pp 8 39-964 (43) 
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is to be found in the duiation of the hypei thyi oidism in the two groups 
Patients with exophthalmic goiter seek medical attention earlier, as a 
rule, than do those with the more insidious foim of hypei thy 1 oidism 
accompanying adenomatous goitei Therefoie, moie opportunity foi 
piecipitatmg diabetes is given by adenomatous goiter with hypei - 
thyroidism 

An attempt was made to ascertain the piionty m appearance of 
symptoms of diabetes 01 hyperthyi oidism Owing to the uncertain 
onset of each disease and to the fact that certain symptoms, notably 
bulimia, loss of weight and weakness, aie common to the two conditions, 
satisfactoiy conclusions fiequently could not be leached That the 
hyperthyroidism pieceded in many cases is, however, quite clear 

Table 1 — Incidence of Combined Diabetes and Hypei iltyt oidism* 

(Jan 1, 1935 to Dec 31, 1937, Inclusive) 


102125 1025 37 

1 -* ■> 1 *- 1 

Cases Per Cent Per Cent 


r 

Disease 

1923 25 

_A_ 

1935-37 

^Complicating 

Disease 

Oases 

of 

Total 

Cases 

of 

Total 

Adenomatous goiter with by- 

perthyroldism 

1,131 

750 

Diabetes 

23 

20 

42 

50 

Exophthalmic goiter 

2,340 

1,132 

Diabetes 

15 

00 

19 

1 7 

Adenomatous goiter with hy- 
perthyroidism plus exoph 
thalmic goiter— total 

3,471 

1,SS2 

Diabetes 

3S 

1 1 

61 

32 

Adenomatous goiter without 
hyperthyroidism 


2,277 

Diabetes 



38 

167 


* In tliese counts, patients entering because of recurrence of hyperthyroidism within the 
three year period are counted moro than once The number of these, however, is too small 
to affect the significance of this table 


In the senes of 1,132 patients with exophthalmic goiter seen at the 
clinic fiom 1935 to 1937, inclusive, there were 19 who had diabetes 
Eleven were women, and 8 weie men Six did not require insulin foi 
control of diabetes The otheis lequired from 15 to 180 units per day, 
the avei age was 50 units per day The basal metabolic rate varied from 
+ 9 to +97 per cent , the average was + 38 per cent Thu teen 
patients were opeiated on Within the first few weeks after opeiation 
their basal metabolic rates varied from — 14 to +34 per cent (aveiage 
+ 8 per cent) The insulin requnement of 5 patients increased imme- 
diately after opeiation but, with that of the lest of the patients on whom 
operation was pei formed, it fell below or to the preoperative main- 
tenance level within fourteen days Ten of the patients who were 
operated on required much less insulin than they had taken on 
admission to the clinic In 2 patients acidosis developed immediately 
after operation, but this was easily conti oiled Seven of the 19 patients 
m this group had recurrent exophthalmic goiteis One patient died m 
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coma two days aftei dismissal from the clinic, thy roidectomy had been 
advised but was refused 

In the series of 750 patients who had adenomatous goiter with 
hypei thyroidism, 42 also had diabetes The female sex predominated, as 
in the previous group, but to a much greater degree — 34 of 42 as com- 
pared with 11 of 19 

The basal metabolic rate of the 42 patients studied m this group 
ranged ti om -j- 3 to -}- 57 per cent , the average was -j- 27 per cent 
Twenty-nine of these patients were operated on Within the first few 
weeks aftei operation their basal metabolic rates varied from — 8 to 
-j- 26, aveiage -j- 10 pel cent The doses of insulin given preopeia- 
tively ranged fiom 10 to 140 units pei day The average dose was 50 
units per day The msulm requirements of 12 patients mci eased during 
the first few postoperative days In all but 5 of the patients who were 
operated on the requirement fell below the preoperative maintenance 
level within two weeks In 4 patients acidosis developed postopera- 
tively This was readily conti oiled One patient died on the sixth 
postopei ative day Death in this instance was due to cerebral arterio- 
sclerosis and infarct of the brain 

Fitz, 3 in 1921, stated that nontoxic thyroid disease does not affect 
diabetes In his series the patients with nontoxic goiter who were 
opeiated on showed no improvement of the diabetes Wilder in 1926 
came to the same conclusion In the piesent senes theie were 38 
patients with adenomatous goiter and diabetes but no clinically evident 
hyperthy i oidism Their average age was 57 4 yeais Women pie- 
dommated as m the othei groups, the ratio being 22 to 16 The basal 
metabolic lates ranged from — 16 to + 14 pei cent, the average was 
-\- 2 per cent Sixteen patients required msulm for control of the 
diabetes The remainder were treated with dietary restrictions The 
doses of msulm langed from 15 to 115 units per day, the average being 
42 units Thyroidectomy was perfoimed on 7 of these patients 
Then basal metabolic rates preoperatively ranged fiom -j- 1 to -j- 13 per 
cent the aveiage was +8 per cent Foui requned insulin pre- 
operatively m doses of 11 to 50 units daily Six required insulin for 
several dajs postoperativel) m doses of 15 to 120 units daily One 
patient who had not taken insulin before operation required 70 units 
on the fourth postopei ative day Later her diabetes was leadily con- 
trolled without insulin 

The following case report is an example of severe exacerbation of 
diabetes that at times may be obseived postoperatively in patients with 
adenomatous goiters associated with normal basal metabolic rates and 

3 Fitz, R The Relation of Hyperthyroidism to Diabetes Melhtus, Arch Int 
Med 27 305-314 (March) 1921 
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no clinical evidence of hyperthyroidism The observation is believed to 
have important clinical significance and hei etofore has 1 eceived no com- 
ment m the liteiature 

REPORT. OF A CASE 

A man 54 years of age presented himself for examination with no other 
complaint than fatigue of about two years’ duration Polyuna and polydipsia 
had been noted for several weeks, but the urine had not been examined for sugai 
The maximal body weight of 250 pounds (113 4 Kg ) had been reached eleven 
yeais previously, and, partly by dieting, had been reduced to 205 pounds (93 Kg ) 
In the last year an additional 9 pounds (4 1 Kg ) had been lost 

Examination showed a man weighing 196 pounds (88 9 Kg) with a blood 
piessure of 154 systolic and 100 diastolic and a pulse late of 96 per minute The 
thyroid was enlarged and was veiy hard The condition of the thyioid had been 
noted in a previous examination at the clinic in 1927, but operation had not then 
Deen advised Examination of the urine revealed the piesence of a trace of i educing 
substance, and a determination of the blood sugar during fasting revealed 226 mg per 
hundred cubic centimeters The basal metabolic rate was + 4 (two tests) The 
clinical diagnosis was adenomatous goiter without hyperthyroidism 

A diet containing 238 Gm of carbohydiate was piescubed Also, compound 
solution of iodine was given It was found necessary to use 25 units of insulin 
daily to control glycosuria After ten days, the fasting blood sugai being 161 
mg per hundred cubic centimeters, opeiation was perfoimed Intense glycosuiia 
loliowed and for the next seven days was controlled with difficulty The daily 
doses of insulin were 95, 115, 60, 70, 55, 55 and 80 units, and the amounts of sugar 
in the urine foi the first four of these days were 17, 29, 12 and 30 Gm respectively 
All specimens also contained acetone and diacetic acid Otherwise, the degree of 
postoperative reaction seemed not abnoimal The maximal temperature reached, 
on the third day, was 102 F , and after the fourth day the patient was free from 
fever Subsequently the doses of insulin could be rapidly decreased, so that by 
the end of the second week 12 units of piotanune zinc insulin m one dose daily 
was sufficient to prevent glycosuiia Although the postoperative behavior of this 
patient was cause for some apprehension, the ultimate result was entirely satis- 
factory The repoit of the pathologist on the tissue removed at operation was 
as follows weight 160 Gm , multiple, hyaline, hemonhagic, cystic fibious, 
calcareous, degenerating, fetal and colloid adenomas in a collo.d thyroid 


FOLLOW UP OF CASES IN 1926 STUDY 

A complete follow-up study was made of all the 38 cases of hyper- 
thyroidism with diabetes reported by one of us (Wildei ) in 1926 In 
12 of the 15 cases of exophthalmic goiter and diabetes opeiations were 
done In 7 of these the patients have suitived thyroidectomy an 
average of thnteen and eight-tenths )eais The aveiage duiation of 
life in the fhe cases in which death has occuired was eight and one- 
tenth years aftei thy roidectomy Death m these cases was atti ibuted to 
coma, diabetes, lobai pneumonia, coionaiy thrombosis and heat stroke 
Two of the 3 patients who were not operated on died of coma, and the 
othei died with diabetes within a few months after dismissal 
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Twenty-one of the 23 patients with adenomatous goiter with hyper- 
thyroidism and diabetes were operated on Five of these now are 
living, having survived thyroidectomy an average of thirteen and six- 
tenths years The average duration of life in the 16 cases m which 
death has occurred was seven and four-tenths yeai s after thyroidectomy 
The causes of death were heart disease, 7 , pneumonia, 3 and coma, 
gangrene (right leg), carbuncle on the back of the neck, cerebral hem- 
orrhage, recurrent carcinoma and acute cholecystitis, 1 each One of 
the 2 patients not operated on died of cardiac decompensation three 
months after admission The other died ten years later of cardiac and 
lenal disease 

Joslin has lepoited the average duiation of life, subsequent to the 
•onset of diabetes, among deceased ex-patients of all ages m the early 
Banting (1922-1926), middle Banting (1926-1930) and latei Banting 
(1930-1935) periods as seven and six-tenths, eight and four-tenths and 
eleven years respectively When all the patients in Wilder’s series of 
1926 are consideied, except the 5 who did not have thyroidectomy 
the average duration of life subsequent to the onset of diabetes was 
twelve and four-tenths years When only those patients who now are 
dead are considered, again excluding the 5 who did not have thyroidec- 
tomy, the average duration of life subsequent to the onset of diabetes was 
ten and eight-tenths yeais The numbeis in both of these gioups are 
.too small to justify comparison with the large groups (514, 897 and 981 
cases respectively) of Joshn’s deceased patients with diabetes studied 
hy the statistical buieau of the Metropolitan Life Insuiance Company 
They, neveitheless, suppoit the assumption that patients with hyper- 
thyroidism and diabetes who receive satisfactory surgical treatment for 
their hypei thyroidism do as well as patients with diabetes free of this 
complication The fact that 4 of the 5 who were not operated on died 
within a few months of the time they weie dismissed from the clinic 
emphasizes the importance of performing thyroidectomy m cases of 
associated hyperthyroidism and diabetes 

COMMENT 

Thyroxine has been shown to increase both anabolic and catabolic 
processes within the cells, the effects depending on the amount used 
The metabolism of fats, carbohydrates and pioteins is affected, and the 
distribution of minerals and water is also modified Kendall 4 stated 

These observations suggest that the changes which aie associated with a marked 
increase in the B M R are but an exaggeration of the normal metabolic activity 
of the cell without distortion and with utilization of metabolites according to their 

4 Kendall, E C The Influence of Some of the Ductless Glands on Metabolic 
Processes, Endocrinology 24 798-S05 (Tune) 1939 
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availabilities The only change is m the capacity for pioduction of eneigy How- 
ever, when another hormone, as insulin or cortin, is deficient then the symptoms 
caused by the deficiency are aggravated and the fault in the metabolic processes 
becomes moie marked when thyroxine is administered even m relatively small 
amounts 

The clinical obseivations recounted fully confirm this opinion With 
the onset of hyperthyroidism previously existent diabetes is intensified, 
and with correction of the hyperthyroid state by thyioidectomy the 
intensity of the accompanying diabetes is diminished 

Fuither study reveals that the decreased incidence of hyper- 
thyroidism among diabetic patients was coincident with the decline in 
the number of all hyperthyroid patients coming to the clinic 

The incidence of diabetes m patients with exophthalmic goiter foi 
the period 1935 to 1937, inclusive, was 1 7 per cent This is the same 
as the incidence of diabetes among all new patients legistenng at the 
clinic dui mg the same period With regard to the incidence of diabetes 
in patients with adenomatous goiter and hypei thyroidism there is a 
different stoi y During the same period 5 6 pei cent of all patients 
with adenomatous goiter and hyperthyroidism had diabetes This pei- 
centage was over three times that for the incidence of diabetes among 
new patients registering at the clinic As shown m table 1, Wilder 
reported an incidence of 2 0 per cent in 1926, which at that time was 
nearly twice the incidence of diabetes among new patients Joslm and 
Lahey 5 reported 28 instances of diabetes among 655 patients with 
secondary hypei thyroidism, an incidence of 4 3 per cent That age is 
not the factor explaining this high incidence of diabetes in the patients 
with adenomatous goitei and hyperthyroidism (whose aveiage age was 
56 6 years) is shown by the occuirence of diabetes m only 167 per 
cent of the patients with adenomatous goiter without hypei thyroidism 
(whose average age was 57 4 years) 

The incidence of diabetes among patients with adenomatous goiter 
without hypei thyroidism was, as just stated, 1 67 pei cent This was 
about the same as among new patients registering at the clinic, 1 7 per 
cent Surgeons must handle such patients with the same care that is 
indicated when the goiter is toxic Occasionally theie is marked increase 
m the severity of the diabetes, usually beginning within the first twenty- 
four hours after thyroidectomy, and lasting two to five days The most 
logical explanation of the phenomenon is the mechanical liberation of 
large amounts of thyroid hoimone as a result of opeiation, the absorption 
of the hormone leading to a temporary increase m the late of metabolism 
and an accompanying lequirement for more insulin 

5 Joslin, E P , and Lahey, F H Diabetes and Hypei thyroidism, Am J M 
Sc 176 1-22 (July) 1928 
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Thyroidectomy was peifoimed on 42 o£ the 61 patients with by pei - 
thyroidism and diabetes Theie was 1 fatality, which occuned m the 
case of a woman aged 73 wdio died on the sixth postoperative day As 
stated befoie, postmortem examination revealed ceiebial artei losclerosis 
and infarct of the biain 

SUMMARY 

Sixty-one cases of tiank diabetes combined with states ot hypei- 
thyioidism weie studied Diabetes occuned with a fiequency of 3 2 
per cent m all cases of hyperthyioichsm The incidence m cases of 
exophthalmic goiter w^as 1 7 pei cent, in those of adenomatous goiter 
with hyperthyi oidism it was 5 6 pei cent In the lattei gioup the 
evidence cleaily indicates that hyperthyroidism w'as a factoi of etiologic 
significance in the precipitation of the diabetes 

Thirty-eight patients wnth diabetes and adenomatous goitei without 
clinical evidence of hyperthyroidism w^eie studied Thyi oidectomy w^as 
peifoimed on 7 of these patients Six requited laige postoperative doses 
of insulin, and difficulty was encountered m the control of then diabetes 
for the first thiee to five postopeiative days The case of 1 such patient 
is lepoited m detail 

A follow'-up study w ? as made of Wilder’s 38 patients who had hy pei - 
thyroidism with diabetes When those who did not have thvi oidectomy 
weie excluded, the average duration of life aftei the onset of diabetes 
w^as found to be 12 4 years The data obtained support the assumption 
that patients with hyperthyi oidism and diabetes wffio receive satisfactory 
surgical tieatment for then hyperthyi oidism do as w r ell as patients with 
diabetes free of this complication, wheieas those who aie not lelieved 
by operation fare badly 



CLINICAL MANIFESTATIONS OF PAROXYSMAL 
HYPERTENSION ASSOCIATED WITH PHEO- 
CHROMOCYTOMA OF ADRENAL 

REPORT OP A PROVED AND OF A DOUBTFUL CASE 

E F VAN EPPS, M D 
O R HYNDMAN, MD 

AND 

JAMES A GREENE, MD 

IOWA CITY 

Paioxysmal hypei tension due to an adienal medullaiy tumoi may 
piogiess so far as to cause death fiom mepaiable vascular damage, 
01 death may ensue fiom othei causes The disease can be diagnosed 
m its eaily stages and eradicated by surgical intei vention Theie aie 
excellent leviews of the literature by Belt and Powell , 1 Wells and 
Boman , 2 Nuzum and Walton , 3 Edwaid , 4 Lazaius and Eisenbeig r> and 
Coller, Field and Durant 0 Although theie have been many valuable 
case lepoits, including those of the authors just mentioned as well as 
those of Beer, King and Pnnzmetal , 7 Evans , 8 Holst , 0 Bmgei and Ciaig , 10 

From the Departments of Internal Medicine and Surgeiy of the State Umvei- 
sity of Iowa College of Medicine 

1 Belt, A E, and Powell, T O Chromaffin Cell Tumoi s of Suprarenal 
Medulla Clinical Manifestations of the Chromaffin Cell Tumors Arising from the 
Suprarenal Medulla, Surg , Gynec & Obst 59 9-24 (July) 1934 

2 Wells, A H , and Boman, P G The Clinical and Pathologic Identity of 
Pheochromocytoma, JAMA 109 1176-1180 (Oct 9) 1937 

3 Nuzum, F R, and Walton, J W Paroxysmal and Persistent Hyperten- 
tion in Association with Lesions of the Adrenal Glands, Am Heart J 16 643- 
662 (Dec) 1938 

4 Edward, D G Pheochromocytomata and Hypertension, J Path & Bact 
45 391-403 (Sept ) 1937 

5 Lazarus, J A, and Eisenberg, A A Tumoi s of Adrenal Gland Report 
of Two Cases of Paraganglioma of Adrenal Gland, J Urol 27 1-26 (Jan ) 1932 

6 Collet, F A , Field, H Ji , and Durant, T M Chromaffin Cell Tumor 
Causing Paroxysmal Hypertension Relieved by Operation, Aich Surg 28 1136- 
1148 (June) 1934 

7 Beer, E , King, F H , and Prinzmetal, M Pheochromocytoma with 
Demonstration of Pressor (Adrenalin) Substance m the Blood Preoperatively 
Dunng Hypertensive Crises, Ann Surg 106 85-91 (July) 1937 

8 Evans, V L Supiarenal Tumor with Paroxysmal Hypertension, J Lab 
& Clm Med 22 1117-1120 (Aug) 1937 


(Footnotes continued on next page) 
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Brunschwig, Humphreys and Roome, 11 Kremer, 12 Kelly, Piper 
Wilder and Walters, 13 MacKenzie and McEachern, 14 and Palmer and 
Castleman, 15 together with those in the foreign hteiature, the clinical 
features of the disease have not been duly stressed It is for this reason 
that we are repoitmg 2 cases of paroxysmal hypei tension and empha- 
sizing the manifestations 

REPORT OF CASES 

Case 1 — A white single man aged 27 was admitted to the University Hospitals 
on Sept 10, 1938, because of attacks of swelling of the neck of three years’ dura- 
tion The attacks weie more prominent during the fall and winter, but they were 
induced also in the summer by working in the field The patient thought that the 
wearing of suspenders played a role in their induction The duration of the attacks 
varied from only a few hours to as long as a day The usual accompanying mani- 
festations were a sense of swelling of the neck, a forceful heaitbeat which was 
rarely rapid, throbbing occipital headache, nervousness, sweating, weakness, easily 
induced fatigue, polyuria and constipation Occasionally nausea and vomiting 
occurred, and on only one occasion was shortness of breath noted Precordial 
and epigastric distress, cyanosis, air hunger, tingling of the extremities, changes 
m color of the extiennties or nose, vertigo, tinnitus, epiphora, sialorrhea and 
diarrhea did not occur 

The objective manifestations revealed by examination of the patient on admis- 
sion were as follows The patient was a tall, thin man with acromegalic facies 
He had several yellowish neuromas of the conjunctiva of each lid, false teeth, a 
slightly palpable thyroid gland, forceful carotid pulsations with leathery artenal 
walls, an upper dorsal kyphosis, long, slender fingers and hyperextensibility of 
the fingers and knees The heart was of normal size and had an accessible left 
ventricle, a constant systolic murmur was observed' at the apex and the artenal 
pressure was variable, ranging from 98 to 260 systolic and from 56 to 150 diastolic 

Slight albuminuria was observed The hemoglobin content of the blood was 
13 Gm per hundred cubic centimeters, and the blood count was erythrocytes 
4,420,000 and leukocytes 8,000 The Wassermann reactions of the blood and the 
spinal fluid were negative The basal oxygen consumption was 14 per cent below 

9 Holst, E J Three Cases of Chromaffin Cell Tumors of the Supraienal 
Glands, Acta med Scandinav 94 510-526, 1938 

10 Bmger, M W, and Craig, W M An Atypical Case of Hypertension with 
a Tumor of the Adrenal Gland, Proc Staff Meet , Mayo Clin 13 17-20 (Jan 12) 
1938 

11 Brunschwig, A , Humphreys, E, and Roome, N Relief of Paroxj r smal 
Hypertension by Excision of Pheochromocytoma, Surgery 4 361-370 (Sept ) 1938 

12 Kremer, D N Medullary Tumor of Adrenal Gland, with Hypertension 
and Juvenile Arteriosclerosis, Arch Int Med 57 999-1002 (May) 1936 

13 Kelly, H M , Piper, M C , Wilder, R M, and Walters, W Case of 
Paroxysmal Hypertension with Paraganglioma of Right Suprarenal Gland, Proc 
Staff Meet , Mayo Clin 11 67-70 (Jan 29) 1936 

14 MacKenzie, D W, and McEachern, D Tumor of Medulla of Adrenal, 
J Urol 40 467-476 (Oct) 1938 

15 Palmer, R S, and Castleman, B Paraganglioma (Chromaffinoma, Pheo- 
chromocytoma) of the Adrenal Gland Simulating Malignant Hypertension, New 
England J Med 219 793-796 (Nov 17) 1938 
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normal Intrathecal pressures were normal Tests of the cerebrospinal fluid gave 
noimal readings 

Subsequent Cow sc and Findings— The paroxysms occurred almost daily, giving 
an excellent opportunity for the study of the various manifestations No altera- 
tions were produced in the electrocardiogram, but glycosuria, albuminuria, cylin- 
druna and hyperglycemia, with a sugar content as high as 273 mg per hundred 
cubic centimeters, developed during a paroxysm The blood sugar levels at com- 
parable times of the day, without an attack, were 110 to 118 mg pei hundred cubic 
centimeters Between attacks the renal urea cleaiance was 90 per cent of normal, 
but it was reduced to 53 per cent of normal during an attack Determinations of 
the chemical constituents of the blood revealed urea nitrogen 12 6 mg , creatinine 
10 mg, serum proteins 6 81 Gm , calcium 10 2 mg and phosphoius 4 7 mg per 
hundred cubic centimeters The sella turcica was of normal size A biopsy of 
the pectoralis major muscle showed normal arteries and arterioles The cold 
pressor test failed to produce an attack on two occasions 

Localization of the tumor was difficult Intravenous and retrograde pyelograms, 
soft tissue roentgenograms of the adrenal regions and perirenal insufflation of air 
gave no added information 

The light adrenal region was explored through a posterior appioach with the 
patient under ether anesthesia A tumor which measured 4 by 6 cm was found 
adherent to the adrenal gland and necessitated removal of the gland also Manipu- 
lation of the tumor m situ produced an increase of both systolic and diastolic 
arterial pressures The removal of the tumor, however, resulted in a rapid fall 
in arterial pressures, which was finally checked at 60 systolic and ? diastolic 
by the subcutaneous administration of epinephrine The arterial pressures rose 
gradually to 80 systolic and 50 diastolic by evening, and to 110 systolic and 80 
diastolic the following morning, where they remained until the patient’s discharge 
from the hospital three months later The postoperative course was stormy for 
the first two days and was further marred by tho development of pneumonia, 
complicated by empyema In addition to the usual postoperative therapy, large 
amounts of sodium chloride and 10 cc of adrenal cortex extract were administered 
daily for two weeks Microscopic examination of the tumor revealed that it was 
a pheochi omocytoma 

The possibility that Addison’s disease might develop because the right adrenal 
gland had been removed and the condition of the left adrenal gland was unknown 
caused us to carry out the procedure recommended by Cutler, Power and Wilder 10 

The results were within normal limits, and the patient manifested no evi- 
dence of adrenal cortical insufficiency three months after the operation 

Case 2 — A white married woman 34 years of age was admitted to the Uni- 
versity Hospitals on Nov 1, 1938, because of inability to walk, high blood pressure 
and heart trouble She had not been well for twenty years There had been 
many functional complaints, such as severe matutinal pressure headaches, occasional 
nausea and vomiting and diminution of vision These symptoms had not increased, 
but on Aug 14, 1938, the patient suddenly became unconscious for the first time 
and remained in this state for about one hour There weie no convulsions On 
regaining consciousness she noted a stabbing pain which appeared in the upper part 
of the left arm and in the left shoulder and radiated to the precordium This pain 
persisted until admission Usually it was a dull ache, but two or three times a week it 
was aggravated, being on those occasions acute, kmfelike and stabbing At such 

16 Cutler, H , Power, M H, and Wilder, R M Concentration of Chloride, 
Sodium and Potassium in Urine and Blood Their Diagnostic Significance in 
Adrenal Insufficiency, JAMA 111 117-122 (July 9) 1938 
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times the face and lips became pale and the breath shoit and occasionally nausea 
and vomiting occurred Abasia had caused the patient to remain in bed since the 
onset of the symptoms The previous symptoms became aggravated, and her 
physician stated that she had high blood pressure and heart trouble 

The objective manifestations revealed by examination of the patient on admis- 
sion were as follows The patient was a well developed and well nourished 
woman She had congenita! bilateial exophthalmos, an interpupillary distance of 
83 mm and hyperplastic otitis media, bilaterally, with acoustic neuritis The 
heart was of normal size, with an accessible left ventricle and an accentuated mitral 
second sound The arterial pressures were variable, ranging from 146 to 280 
systolic and from 88 to 130 diastolic 

Slight albuminuria was noted on several occasions Chemical analysis of the 
blood revealed a hemoglobin content of 13 Gm per hundred cubic centimeters, an 
ei-ythrocyte count of 4,370,000 and a leukocyte count of 5,300 The Wassermann 
reactions of the blood and the spinal fluid were negative The basal oxygen con- 
sumption was 23 per cent above normal Intrathecal pressures were normal, and 
tests of the cerebrospinal fluid gave normal readings 

Subsequent Cowse and Findings — The patient had repeated attacks of 
paroxysmal hypertension The usual manifestations during an attack were aching 
of the feet, cold sweat appearing simultaneously over the entire body, generalized 
pallor, intense throbbing headache, precordial pain shortness of breath, extreme 
fear of death, clonic contractions of the extremities, screaming, agitation, rapid 
pulse and elevation of arterial pressures The paroxysms usually increased in 
intensity until they were terminated by the intravenous administration of sodium 
amytal (sodium isoamylethylbarbiturate) The electrocardiogram and blood sugar 
level were unaltered by paroxysms, and glycosuria and albuminuria did not occur 
Intravenous pyelograms were normal Roentgenograpluc studies of the chest, 
adrenal regions and gastroenteric tract revealed no abnormalities The cold pressor 
test elicited a hyperreaction but did not produce an attack 

Perirenal insufflation of air was not attempted m this case, because it had been 
unsuccessful in the previous case and alarming symptoms had followed it 

The right adrenal region was explored through a posterior incision with the 
patient under anesthesia induced by means of avertin with amylene hydrate and 
cyclopropane No abnormalities were found The splanchnic nerve, however, 
was sectioned, and the first and second lumbar ganglions were removed The 
patient’s condition was not improved, and one month later the left adrenal region 
was explored Although a tumor was not discovered, splanchnectomy and ganghon- 
ectomy were performed The paroxysms of hypertension continued, and hysterical 
anesthesia of the entire left side of the body developed 

It appeared certain that the patient had a pheochromocytoma, but the two pre- 
vious surgical procedures had failed to locate it, and two months later the hyper- 
tension became persistent Section of the anterior and posterior roots of the 
thoracic nerves from the first through the fifth and destruction of the sympathetic 
tracts at the third thoracic level were decided on instead of an exploratory lapa- 
rotomy The arterial pressure declined to 138 systolic and 90 diastolic after the 
operation, and fluctuated between 110 systolic and 64 diastolic and 154 systolic 
and 100 diastolic One paroxysmal attack occuired, two and a half months after 
the last operation, at which time the arterial pressures reached 195 systolic and 110 
diastolic, but accompanying manifestations were mild The subjective manifesta- 
tions were almost entirely relieved The headaches subsided and the vision 
improved, but a dull precordial distress continued The patient stated that her 
health was better than it had been at any time during the past twenty years 
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COMMENT 

Pai oxysmal hypei tension is usually cui able if it is diagnosed befoie 
inepaiable vascular damage has occuired Failure to comprehend the 
situation is, theiefoie, extremely unfortunate The vanous manifesta- 
tions described in the hteiature aie listed m the accompanying table 
The symptoms, howevei, aie frequently similar to those accompanying 
functional anomalies A histoiy of pai oxysmal attacks of peculiar sensa- 
tions may be the only subjective manifestation These pecuhai sen- 


Mamfcstations of Pm oxysmal Hypei tension Which Have Been Dcscubcd 

in the Lit ci aline 


Subjeetne 

Objective 


f a Fulness 

Pallor followed bi flushing of skin 

Neck 

■j b Choking 



l c Swelling 

Cjanosis of nail beds 


f a Pressure 

Angiospasm of extremities and tip of nose 

Substernal region 

J b Pain 



1 e Peculiar feeling 

Angiospasm of arterioles of ocular fundi 


1 a Fulness 

Hypertension 

Epigastrium 

) b Pam 
] e Burning 

Taelneardin or foiceful cardiac impulse 


1 d Peculiar feeling 

Epiphora 

Tingling of extremities 

Blanching of extremities 

Sialorrhea 

Blanching of tip of nose 

Generalized sweating 

Gljcosuna 

Pallor 

Nervousness 

Tremor 


Albuminuria 

Muscular weakness 

Cyhndruna 

Palpitation 

Air hunger 

Headache 

Tinnitus 

Vertigo 

Epiphora 

Sialorrhea 

Nausea 

Vomiting 
Abdominal colic 
Diairhea 
Constipation 
Polyuria 


Hj perghcemia 


sations may be located m the neck, the epigastnum or the substeinal 
regions When they occur m the neck, they are described as a sensation 
of fulness, choking or swelling, m the substernal region they may be 
identical with those accompanying angina pectoris, or may be only 
“peculiar sensations”, in the epigastrium they may be described as 
actual pain or may suggest the possibility of a peptic ulcer Angio- 
spasm of the extiemities and of the tip of the nose during an attack 
may well be confused with symptoms of Raynaud’s disease Other 
subjective manifestations which may be present dui mg the paroxysms 
but aie not likely to be elicited unless the possibility of paroxysmal 
hypei tension is considered are sweating, pallor nervousness, tremor. 
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muscular weakness, palpitation, headache, nausea, vomiting, veitigo, 
tinnitus, tingling of the extremities, air hunger, epiphoia, abdominal 
colic and diarrhea The duration of these paroxysms vanes from only 
a few minutes to as long as twenty-four or forty-eight hours 

The physician is usually consulted between paroxysms at the tune 
when objective manifestations are absent If an attack should occui m 
his presence, the objective manifestations which may be observed are 
as follows pallor followed by flushing of the skin, sweating, a reddish 
to a dusky blue discoloration of the finger nails, penpheral angiospasm 
of the extremities and nose, constnction of the arterioles of the ocular 
fundi, hypertension, either tachycaidia or a slow foiceful cardiac impulse, 
glycosuna, albummuna, cyhndruna and hyperglycemia It is advan- 
tageous, therefore, to observe the patient dunng an attack Patients 
occasionally observe conditions which will produce a paroxysm Porter 
and Porter’s 17 patient could pioduce an attack by flexion of the body 
antenoily and slightly to the left Nuzum and Walton’s s patient noted 
that exercise before breakfast would initiate an attack, and MacKenzie 
and McEachern’s 14 stated that a blow on the abdomen would precipitate 
a paroxysm Othei patients know of no precipitating cucumstances , 
theiefore, methods for pioducing an attack are desnable The injec- 
tion of epinephrine used by Coller, Field, and Dui ant , 0 and the cold 
pressor test used in oui cases were both unsuccessful, wheieas Nuzum 
and Walton’s 3 method of applying pressure over the cai otid sinus was 
successful These methods have been used in only a few cases, how- 
ever, and furthei observations are indicated 

That paioxysmal hypei tension may progress into the persistent 
vanet}'- has been suggested by Wells and Boman 2 and othei s, and a 
pheochiomocytoma was discovered in a case of peisistent hypertension 
described by Bmger and Craig 10 The condition m oui second case 
progressed into a peisistent type, but the patient continued to have 
paroxysms during which the artenal pressures lose above the basal 
level Although the presence of a pheochromocytoma m this patient 
is doubtful, there is sufficient evidence to indicate that certain patients 
with persistent hypertension may have had an initial paroxysmal variety, 
and therefore patients with peisistent hypertension should be inter- 
rogated concerning previous paioxysmal manifestations 

The presence of a tumor m many of the repoited cases has not been 
difficult to ascertain because of the presence of a palpable abdominal 
mass In certain instances of smaller tumois deformities have been 
visible m the pyelograms The tumoi may be too small, however, to 

17 Porter, M R, and Porter, M F, Jr Report of a Case of Paroxysmal 
Hypertension Cured by Removal of an Adrenal Tumor, Surg , Gynec & Obst 50 
160-162 (Jan ) 1930 
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altei the pyelogram, or it may not be in close proximity to the kidney 
or even be m the adrenal region If the pyelogiams show no abnormal- 
ities, peril enal insufflation of air has been recommended by Mencher 18 
and Roome 19 This procedure has not received genei al acceptance 
Walters and Keplei 20 discontinued its use aftei thiee severe reactions 
had occuired Fish 21 abandoned the use of air aftei the occurrence of 
two fatalities from an embolism, but he stated that the piocedure should 
not be condemned and that since the substitution of oxygen for air 
there have been no known fatalities Mencher 18 had no important leac- 
tions to it Alarming leaction occuried in oui patient aftei air insuffla- 
tion by which the tumor was not visualized This procedure has definite 
diagnostic possibilities, and its place as a diagnostic aid cannot be 
properly evaluated until theie are furthei observations 

If the location of a tumor has not been ascertained by adequate 
uiologic studies, by peinenal air or oxygen insufflation and by careful 
roentgenographic studies of the mediastinum, it is necessary to explore 
surgically the adrenal legions It should be borne in mind, however, 
that the tumor may anse from aberiant glandular tissue and that there- 
foie it may not be located m the adrenal region 

SUMMARY 

The manifestations of paioxysmal hypertension have not been duly 
stressed These manifestations and the diagnostic aids aie therefore 
emphasized, and one case of proved and one of doubtful pheochromo- 
cytoma are repoited 

18 Mencher, W H Perirenal Insufflation, JAMA 109 1338-1341 (Oct 
23) 1937 

19 Roome, N W Visualization of the Adrenal Glands by Air Injection, 
J A M A 111 1061-1065 (Sept 17) 1938 

20 Walters, W , and Kepler, E J Surgical Lesions of Adrenal Glands, J A 
M A 111 1061-1065 (Sept 17) 1938 

21 Fish, in discussion on Roome 19 
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NEW 'i ORK 

The isolation of cholesteiol from gallstones and its establisiiment as 
one of the characteristic components of the bile b) Chevreul 1 focused 
attention on the changes in cholesterol metabolism in hepatic and 
biliary disease 

The literatuie dealing with subsequent studies in cholesterol metab- 
olism has been reviewed by McNee, 2 Campbell, 3 Muller, 4 Epstem, 5 
Klein 3 and Huixthal and Hunt 7 Theie is a general agreement that 
the total cholesterol in the blood may be mci eased m disease of the biliary 
tract, especially in obstiuctive jaundice, whereas in parenchymatous 
hepatitis theie is a fall to subnonnal values 

The mterpi etation of changes in the blood cholesterol m i elation to 
hepatic disease and its use m the differential diagnosis of jaundice aie 
lendered more difficult by the fact that many othei disease processes, 
not necessanly involving the liver, influence the blood cholesterol 
Marked changes or variations from the normal are seen in such metabolic 

From the Combined Medical and Surgical Clinic for the Study of Diseases of 
the Liver and Biliary Tract, New York Post-Graduate Medical School and 
Hospital 

1 Chevreul, M Sur plusieurs corps gras V , Ann de chim (pt 5) 95 40, 

1815 

2 McNee, J W Cholesterin An Account of Its Relations to Pathol ogv 
and Physiology, Quart J Med 7 221, 1914 

3 Campbell, J M H Cholesterol in Health and Disease, Quart J Med 
18 393, 1925 

4 Muller, G L The Cholesterol Metabolism in Health and Anemia, Medi- 
cine 9 119, 1930 

5 Epstein, E Z Cholesterol Metabolism in Liver Disorders, Rev Gastro- 
enterol 4 12, 1937 

6 Klein, W Ueber die enzymatische Hydrolyse der Cholestennestei des 
menschlichen Serums, Ztschr f physiol Chem 254 1, 1938 

7 Hurxthal, L M , and Hunt, H M Clinical Relationships of Blood 
Cholesterol with Summary of Our Present Knowledge of Cholesterol Metabolism, 
Ann Int Med 9 717, 1935 
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diseases as diabetes mellitus and acute glomeiulonephutis 01 nephrosis 
in endocrine distui bailees such as hypothyioidism, hypeithyroidism and 
ovarian disturbances, in infection, legal dless of the site, m anemia and 
m numeious other conditions 

The cholesteiol m the bile is piesent in the fiee state, while a 
consideiable propoition of that m the blood is piesent m the estenfied 
form Epstein, 5 Klein, 0 Hurxthal and Hunt, 7 Thannhauser and Schabei , s 
Speii}f,° LaRoche and Gugaut 10 and others have advocated the detei- 
mination of the latio between the combined cholesteiol (esteis) and 
the total cholesterol as a test of hepatic function They believe a deci ease 
m the noimal ratio, that is, a deciease in seium esters, is indicative of 
parenchymatous hepatic damage Epstein, 5 Sperry 0 and Paget and 
Pienart 11 stated the belief that the ratio of the combined to the total 
cholesteiol is a physiologic constant, which has been detei mined by 
these workeis, as w r ell as by Bloor 12 and Thannhauser, 13 to be 65 to 75 
per cent A reduction m this propoition is evidence of hepatic damage 
Fuither obseivations, both clinical and experimental, have shown that 
puiely obstructive lesions of the extiahepatic bile ducts do not signifi- 
cantly change this latio 

METHOD AND RESULTS OF CLINICAL STUDY 

Dunng the past foui years we have intensively investigated the 
clinical value of the ratio of the combined to the total cholesteiol 
Dunng this time 645 patients with possible disease of the hvei or of 
the extiahepatic biliaiy tiact have been investigated It is oui intention 
at this time to evaluate the results of this study m the light of the i ecent 
conti lbutions by Epstein, 5 Klein, 0 Speny, 9 Nedswedski 14 and otheis m 
an attempt to determine the clinical value of this latio 

8 Thannhauser, S J , and Schaber, H M Uebei die Beziehungen des 
gleichgewichtes Cholesterin und Cholesterinester ini Blut und Serum zur Leber- 
funktion, Kim Wchnschr 5 252, 1926 

9 Sperry, W M The Effect of Dextrose on the Cholesterol Functions of 
the Blood, J Biol Chem 116 65, 1936, Concentration of Total Cholesterol in 
Serum, ibid 117 391, 1937 

10 La Roche, G, and Gugaut, A Nos connaissances actuelles stir la 
cholesteroleime et sa signification chnique, Rev de med , Paris 54 223, 1937 

11 Paget, M , and Pierrart, G Nouvelfe methode de determination du rapport 
esters du cholesterol/cholesterol total dans le serum ou dans le plasma sangum, 
Compt rend Soc de biol 126 ‘1206, 1937 

12 Bloor, W R Cholesterol m the Blood, J Biol Chem 24 227, 1916, 
Diet and Blood Lipids, ibid 95 633, 1932 , The Lipoids of the Blood m Diabetes, 
ibid 26 417, 1916 

13 Thannhauser, S J Die chenusche Leistungen der normalen Lebei fur 
die Vorgange des mtermediaren Stoffwechsels, Klin Wchnschr 12 49, 1933 

14 Nedswedski, S W Ueber die Rolle der Gallensauren Salze bei der fei- 
mentativen Cholesterinestei synthese, Ztschr f physiol Chem 239 165, 1936 
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We must emphasize that oui detei initiations have been on whole 
blood rathei than on seium, which has been the accepted method m 
the literatuie Theiefoie, our values will be found lower than the 65 to 
75 pei cent recoided as chaiacteristic for normal serum Whole blood 
was used to i educe the volume of blood lequned for making these 
chemical examinations and the numei ous other ones required for a study 
of the blood The method used was that of Bloor and Knudson 15 
Dui mg the period of study the routine chemical detei minations on 
each patient weie those for total and combined cholesterol, icteric index 
and van den Beigh leaction After an intensive study and an adequate 
follow-up penod 598 of 645 patients weie found to have no apparent 


total 



Total Blood Cholesterol (Mg per 100 cc.) 

Chart 1 — The range of cholesterol esters in the blood of patients without 
evidence of hepatic disease or jaundice 

hepatic damage This represented 92 7 per cent of all patients exam- 
ined In this gioup we found the noimal lange of total cholesteiol to be 
150 to 230 mg per hundred cubic centuneteis and that of the esters 
to be 60 to 120 mg The latio of the combined to the total cholesterol 
was found to be 46 per cent plus or minus 6 This lange, shown 
graphically in chart 1, clearly illustrates the constancy of our determina- 
tions The upper oblique line represents the total cholesteiol and the 
lower line is the median of the ester determinations When the total 
cholesterol is much mci eased, the ratio no longer holds at 46 per cent, 
for the esteis do not increase in proportion to the total cholesterol 

IS Bloor, W R , and Knudson, A The Separate Determinations of Choles- 
terol and Cholesterol Esters in a Small Amount of Blood, J Biol Chem 27 107, 
1916 
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The frequency curves seen in chart 2 show the distribution of the 
total and combined cholesteiol, 1 espectively, m these normal patients 
Of all the determinations on patients m this group, 88 2 per cent fell 
within this latio Only 4 per cent of all values for esters were lowei 
than 60 mg pei hundred cubic centimeteis On furthei analysis it 
appealed that in only 3 determinations out of 958 was the cholesterol 
ester total cholesterol latio below 40 per cent when the esteis weie 
below the le\el of 60 mg per hundred cubic centimeters We believe 
this to be a remarkable constancy for the latio, especially m conti ast to 
our lesults in patients with evident disease of the liver 

When compaied with this umfoimity in the values found foi normal 
patients, the values for patients with hepatic damage and with clinical 



Chart 2 — The frequency curves for cholesterol esters and total cholesterol 
determinations in the blood of patients without evident hepatic disease 


jaundice showed marked abnormalities m the blood esteis and in the 
ratio of the latter to the total cholesterol (chart 3) Forty-seven 
patients with proved disease of the liver or with biliary obstruction of 
extrahepatic origin were examined and studied One hundred and fifty- 
four determinations of the total cholesterol and of the cholesterol esteis 
m the blood wei e made on these patients to ascertain the diagnostic and 
prognostic value of the test 

Giaphically, the results showed that there was a mailced “shift to the 
left” of the values for patients with hepatic disease as compaied with 
those for normal patients The values for cholesterol esters m the blood 
of these patients wei e uniformly lowei , and the ratio between the choles- 
teiol esteis and the total cholesterol vas therefore decreased In this 
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group theie weie 31 patients with hepatic disease The lattei showed 
the greatest deci eases in esters The estei s wei e not definitely decreased 
in the 16 patients with obstructive jaundice, although the ratio had a 
tendency to be lower than the 40 pei cent detei mined as the lower limit 
foi our normal patients An additional finding m this series was the 



Total Blood Cholesterol (Mg per 100 cc ) 

Chart 3 — The range of cholesterol estei s in the blood of patients with evident 
hepatic disease or clinical jaundice The determinations to the left are predomi- 
nantly those for patients with intrahepatic disease of the biliary tract, and those 
to the right, for patients with obstructive jaundice 



Chart 4 — The cholesterol esters in the blood of surgical patients without 
evident hepatic disease as contrasted to the frequenc> curve of normal patients 


general increase of total cholesterol in the blood of patients with obstruc- 
tive jaundice No absolute differentiation was possible merely on the 
basis of this test, foi mixed types of jaundice -were frequently seen 

Values foi Patients on Whom Opei ations JVeie Perfoi wed — 
Included m the geneial study leported were 92 patients on whom 
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operations were peifoimed because of cholecystitis 01 cholelithiasis 
(chart 4) Seventy had normal physical, blood and opeiative findings 
m so fai as the hvei was concerned In only 4 of these patients weie 
the values of the cholesteiol esters below 40 pei cent of the total choles- 
terol It is noteworthy that only one death occuned in this gioup of 
patients The lemainmg 22 patients present an entirely different chem- 
ical picture so far as the blood cholesterol esters aie concerned When 
shown graphically (chart 5), theie is a very definite “shift to the lelt” of 
the values for the cholesteiol esteis All of these patients had jaundice 
due eithei to an incomplete extiahepatic obstruction oi to definite hepatic 
injury The geneial range for the total cholesterol corresponded to that 
found m normal patients, but the esters weie l educed Those patients 
with obstruction but without evident hepatic disease, 13 m numbei, had 



Cholesterol Esters 
(Mg per 100 cc.) 

Chart 5 — The cholesterol esters in the blood of patients with jaundice treated 
by surgical means and their mortality when contrasted with the frequency curve 
of the esters in normal patients 

no lemaikable change m the ester latio Those with hepatic damage 
as seen on biopsy and on operation, shoved the gieatest shift in this 
latio Foui deaths occuned m this select gioup of patients that had 
low preopeiative blood cholesterol esteis 

In the accompanying table these patients aie giouped according to the 
piesence of jaundice and the ratio of the esteis to the total cholesterol 
It is apparent that patients with low cholesteiol esteis are pool operative 
i isks 

Value of Deteimmation of Cholesteiol Esteis m Piognosis — We 
have found a direct coi relation between the values for the cholesteiol 
esters and the prognosis and course of disease m the 47 patients with 
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evident hepatic damage These patients fell roughly into two groups, 
that is, those in whom dui mg the progress of their illness there was a 
steady mciease m the cholesterol esters, and those in whom, in spite of 
treatment, the esters diopped until only a trace or none was found In 
the former group recoveiy occuried in every instance, while in the latter 
a fatal teimmation was the rule Howevei, we have seen recoveries take 
place in 2 patients in whose blood only traces of esters were found for 
periods of ten and twelve days respectively 

Since such determinations do not lend themselves to a statistical 
study, we are piesenting 6 i epresentative case reports with graphs, 
showing the tiend of the blood chemistry determinations These case 
reports aie l epi esentative of the results secured in this study 

Case 1 — When first seen in June 1932, M M , a man, gave a history of pain 
in the upper part of the abdomen and moderate loss in weight His liver was 
slightly enlarged, subclimcal jaundice was present and his gallbladder was not 


The Moitahty Aftci Surgical Operations on the Biliaiy Tiact m Relation to the 
Combined Cholesterol Total Cholestciol Ratio 



No 

Cases 

Deaths 

No evident hepatic disease or jaundice 


70 

1 

Normal ratio 

66 


1 

Low ratio 

4 


0 

Clinical jaundice or evident disease of the Iner 


22 

4 

Normal ratio 

13 


0 

Low ratio 

9 


4 

Total m series 


92 

5 


visualized on roentgen examination The patient was kept under observation for 
twenty-one months , during that time ascites developed and his liver became 
palpable, but he showed no obvious jaundice He died March 25, 1934, after 
an exploratory operation, at which time a Talma-Morison operation had been 
projected Operation and autopsy revealed advanced hepatic cirrhosis 

Chart 6 shows the reduction in the cholesterol esters in the presence of hepatic 
damage, even though there was no jaundice or retention of bilirubin m the blood 

Case 2 — A P , a white man aged 67, was admitted with a history of jaundice 
of five weeks’ duration He had fever, evidence of portal obstruction, ascites, a 
palpable liver and a deepening jaundice He died three months after admission 
Permission for autopsy was not obtained All clinical evidence pointed to advanced 
hepatic cirrhosis, probablj’- with an associated cholangitis 

Chart 7 shows the chemical determinations on the blood It illustrates the 
prognostic importance of repeated ester determinations, and minimizes the 
importance of the total cholesterol values The esters remained low in this patient 
in spite of a drop in the serum bilirubin and the icteric index 

Case 3 — S B , a 26 year old white man, presented himself for hospitalization 
and gave a history of severe prostration, jaundice, nausea and vomiting of three 
days’ duration after the intravenous injection of 0 6 Gm of neoarsphenamme 
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He lecovered with the administration of dextrose supplemented by repeated 
duodenal drainage The course of the illness indicated that he had a severe toxic 
hepatitis 

Chart 8 shows the blood chemistry values, which initially presented the picture 
of a combined obstructive and parenchymatous jaundice A favorable prognosis 
was indicated by the early rise m the esters 

Case 4 — S H, a woman aged 40, was admitted to the hospital for chole- 
cystectomy in July 1936 with a history of seveie jaundice and colic After oper- 
ation her jaundice disappeared and the patient became symptom free for two 


Blood 

Icholo 1 

(tjg per 100 cc ) 



(units) 

300 

250 

200 

150 

100 

50 
o 

Time weeks 5 10 15 20 25 1 year 

Chart 8 — Chemical determinations on blood of a patient with severe toxic 
hepatitis who recovered 

months, only to be readmitted for recurrent jaundice in December 1936 At oper- 
ation stenosis of the common duct, with severe hepatitis, was noted The patient 
died of shock (hepatic death’) twenty-four hours postoperatively 

Chart 9 shows how accurately the cholesterol ester values portrayed the true 
organic state of the liver In this case, as lrPthe jg-eceding one, the high total 
cholesterol indicated an obstructive lesion rather than the mixed condition found 
at operation The preoperative reduction in the intensity of the jaundice indicated 
bj the icteric index gave a false security to the operative prognosis, which was 
not warranted by the steadj f drop in esters or b\ the pathologic condition found 
at operation 


A 
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Blood 


(lig per 100 cc ) 



Chart 9 — Chemical determinations on blood of a patient with obstructive 
jaundice complicated by severe hepatitis who died 



Chart 10 — Chemical determinations on blood of a patient with biliary obstruc- 
tion who recovered Note the rise m cholesterol esters as the liver recovered 
its tunction 




Chart 11 — Chemical determinations on blood of a patient with obstructive 
jaundice due to carcinoma of the common duct who died 



■y 



Chart 12 — Present knowledge of cholesterol metabolism 
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Case 5 — A R , a white woman aged 41, presented herself in September 1937 
with a history of jaundice of five weeks’ duration, developing shortly after a 
cholecystectomy She was dehydrated and had an enlarged liver and severe 
jaundice Exploration revealed an enlarged, edematous, obstructed liver with 
complete atresia of the common duct just below the union of the hepatic ducts 
A bilateral hepaticoduodenostomy was done and was followed by recovery 

Chart 10 shows the preoperative impairment of the hepatic function with return 
to normal on relief of the obstruction 

Case 6 — I A, a white man 65 years old, was admitted to the clinic in July 
1937, with a history of increasing jaundice, pruritus, mild epigastric pain and 
loss of weight He was markedly jaundiced and had a palpable liver, but there 
were no abdominal masses or tenderness After study and observation, a diagnosis 
of carcinoma of the head of the pancreas was made and the patient was referred 
to his local hospital 

A cholecystectomy was performed Aug 7, 1937 The operative report read 
“The liver was intensely swollen and scarred In the common duct, at the point 
of entrance of the ductus cysticus, there was a neoplasm which extended well up 
into the ductus hepaticus ” The patient died immediately after operation , no 
autopsy was reported 

Chart 11 shows the chemical findings, which are characteristic for 
obstructive jaundice with superimposed hepatic damage As the obstruc- 
tion continued, the esters continued to diop It is unfortunate that 
terminal studies could not be made on this patient 

DISCUSSION 

The general course of cholesterol metabolism may be indicated 
schematically The origin of the cholesterol esters in the blood and the 
regulation of the amount therein is still a source of controversy That 
the blood contains an estenfymg enzyme has been reported by Huber, 
Brown and Caset, 10 Riegel, Ravdm and Rose, 17 Vercellone 18 and Klein , 0 
the latter also reported that esterification could be produced by extracts 
of the pancreas, liver, spleen and gastrointestinal tract 

Nedswedski 14 furthei reported that bile salts were necessary for the 
esterification of cholesterol, and Chabrol and Sallet 19 have reported 
parallel changes m the bile salts and cholesterol esters in the blood of 

16 Huber, N J , Brown, G O , and Caset, A E Prevention of Cholesterol 
Arteriosclerosis m the Rabbit by Use of Pancreatic Extract — Lipocaic, Proc Soc 
Exper Biol & Med 37 441, 1937 

17 Riegel, C , Ravdin, I S , and Rose, H S The Effect of Bile With and 
IVithout Cholesterol Esters in the Esterification of Cholesterol in Blood Plasma, 
J Biol Chem 120 523, 1937 

18 Vercellone, A Sulla estenficazione enzimatica delle sterine, Biochim e 
terap sper 25 207, 1938 

19 Chabrol, E , and Sallet, J L’hypercholesterolemie comme signe de gravite 
des cirrhoses, J med franc; 26 280, 1937 
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patients with hepatic disease Sperry 0 and Klein, 6 on the other hand, 
disagreed, they reported that bile salts inhibit cholesterol estenfication 
The importance of the liver in the regulation of cholesterol is disputed 
by Gardner and Gamsboiough, 20 Burger and Habs J1 and otheis on the 
ground that hepatectomized dogs do not lose the power of esterizmg 
cholesterol but actually have an increased ester content m their blood 
Klein, 6 however, descnbed the synthesis of cholesterol esters by extracts 
of the liver Thannhauser and Schaber s and Epstein 5 m pai ticular have 
insisted that the synthesis of cholesteiol esters and the regulation of their 
level m the blood are a specific function of the liver 

These views are so varied that without more definitive evidence one 
cannot describe the regulation of the cholesterol esters as a specific and 
exclusive function of the hvei Our clinical experience is in accoid with 
that previously reported by Thannhauser and Schaber, s Epstem, 5 Hurx- 
thal and Hunt, 7 Klein, 6 and others, who indicated that m the presence 
of hepatic injury the cholesterol esters in the blood are reduced in 
amount oi absent While a i eduction of cholesterol esters is seen more 
frequently m parenchymatous than in obstructive jaundice, this reduc- 
tion is of gi eater value as an indication of the severity of the hepatic 
damage than as an aid in differential diagnosis 

The determination is of value m indicating an increase m the opera- 
tive risk, and consequently a poor prognosis, in cases requiring surgical 
intervention While from a theoretic standpoint the determination may 
not be classified as a test of hepatic function, its value from a practical 
standpoint m the study of patients with hepatic disease has been 
established 

SUMMARY AND CONCLUSIONS 

The value for cholesterol m the blood of adults vanes between 150 
and 230 mg per hundred cubic centimeters wheieas the combined choles- 
terol (esters) varies between 60 and 120 mg The ratio of the combined 
to the total blood cholesterol is quite constant — between 40 and 52 
per cent 

In this series, patients with evident hepatic damage had a decreased 
amount of combined cholesterol m the blood This decrease was some- 
times but not always associated with a decrease m the total cholesterol 
The ratio, per se, was not of as great diagnostic usefulness as was the 
total amount of esters present in the blood 

In uncomplicated obstructive jaundice the combined cholesterol tends 
to rise in proportion to the rise m total cholestei ol , but in hepatic disease 

20 Gardner, J H, and Gainsborough, H Blood Cholesterol Studies in Biliary 
and Hepatic Disease, Quart J Med 23 465, 1930 

21 Burger, M , and Habs, H Die alimentare Hypercholestennamie beim 
stoffwechselgesunden Menschen, Ztschr f d ges exper Med 56 640, 1927 
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the cholesterol esters tend to disappeai from the blood regardless of the 
behavior of the total cholesterol 

In a given case a progressive decrease in the values for the com- 
bined cholesterol of the blood signifies a poor prognosis, whereas a 
progressive mciease signifies a good prognosis 

The determination of the combined cholesterol of the blood is of great 
value m determining the prognosis of surgical treatment of patients with 
disease of the biliary tract 



TREATMENT OF PNEUMONIA WITH 
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OBSERVATIONS ON TOXIC REACTIONS 
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W R FEASBY, MD 

TORONTO, CANADA 

/ 

Since the appeal ance, m 1938 of favorable reports 1 on the use of 
sulfapyndme (2- [paraannnobenzenesulfonamido] -pyridine) m the treat- 
ment of pneumococcic pneumonia, attention has been focused on this 
substance Agreement on its usefulness has been general, but little 
mention has been made of the serious toxic manifestations which may 
attend its use It is chiefly by reason of the latter fact that we are 
making a report on a small senes of cases 

SELECTION or CASES 

Sulfapyndme became available m this hospital m October 1938, 13 at 
a time when we were still engaged in evaluating antipneumococcus rabbit 
serum in the therapy of pneumonia This work was continued until 
mid-December Until that time, therefoi e, patients with pneumonia were 
divided into thiee groups those who weie being treated with serum, 
those who were treated with sulfapyndme and controls This accounts 
for the small number of patients treated with sulfapyndme up to that 
time From mid-December 1938 until mid-February 1939 alternate 
patients with pneumococcic pneumonia received this drug After 
February, in view of the encoui aging results seen m our own clinic and 
those reported by others, it was decided to use sulfapyndme m the 
treatment of every patient with pneumonia, without reserving an)- as 
controls 

In the group of 18 patients with pneumococcic pneumonia treated 
dui mg the period from October 1938 to February 1939 there was 1 

From the Department of Medicine, University of Toronto, and the Medical 
Service, Toronto Western Hospital 

1 Evans, G M, and Gaisford, W F Treatment of Pneumonia with 
2-(p-Ammobenzenesulphonanudo) Pyridine, Lancet 2 14, 1938 

la The sulfapyndme was provided by Messrs May and Baker, through 
Poulenc-Freres 
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death The average total dose of the drug was 22 Gm , and it was found 
that the amount of drug free m the blood ranged from 2 5 to 1 1 8 mg 
per hundred cubic centimeters, the average amount being about 6 
mg It was believed that these amounts were probably lower than the 
optimum, and theiefore it was decided to increase the initial and the 
total dose so that each patient would receive an average of 35 Gm of 
sulfapyridme It was m the group of patients who received the latter 
amount that seveie toxic manifestations were observed 

In this analysis only those patients are included who were m the 
hospital over twenty-four hours, had pneumococci in the sputum and 

Table 1 — Types of Pneumococci and othei Bactcna in Sputum ft om Ninety 
Patients Pleated with Sulfapyi idme (Oct 1, 1938 to June 1, 1939) 


Organism 

Patients 

Deaths 

Pneumococcus type I 

11 

1 

n 

10 

0 

III 

4 

0 

V 

2 

0 

VI 

2 

0 

VII 

3 

0 

VIII 

3 

0 

XVI 

2 

1 

XIX 

1 

1 

XX 

1 

0 

Undetermined 

30 

3 

Mixed growths (Bacillus influenzae, Friedlander’s bacillus 
and others) 

8 

1 

Staphylococcus aureus 

2 

2 

Streptococcus hoemolyticus, beta type 

9 

2 

Totals 

SS* 

11 


* In tlie other 2 cases m the group the specimens typed to group O and group D respec 
tively, but tho individual types could not be determined 

In 2 cases Str haemolyticus was found only by mouse inoculation, a pneumococcus, type 
not determined, having been present initially 

In each of 2 cases pneumococci, type XXIII and type XXVI, respectively, were found 
coincidentally with hemolytic streptococci 


received at least 10 Gm of the drug Patients with postoperative 
pneumonia aie excluded 

INVESTIGATION 

On admission of a patient the history was taken, a physical 
examination, studies of the blood and a urinalysis were made, and any 
pneumococci present m the sputum weie typed The diagnosis was 
confirmed loentgenologically whenever necessary If the type of 
pneumonia was not revealed by the Neufeld method, mouse inoculation 
■was done Bacteriostatic tests m sulfanilamide and sulfap} ridme weie 
earned out on organisms isolated from cultures of the sputum 2 Blood 
was taken from every patient on admission, and thereafter as indicated, 

2 This work was done by Mr D O Scott with the aid of a special grant 
from the Banting Research Foundation 
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for cultuie During the administration of the drug daily white cell 
counts, hemoglobin estimations and urinalyses were made and careful 
records of the intake and output of fluids were kept Chemical estima- 
tions of the total, free and combined sulfapyridme in blood and urine 
were made daily tlnoughout this period Patients whose sputum 
showed pneumococci of types I, II, III, IV, V, VII, VIII or XIV were 
given the Francis test with the type-specific polysaccharide (Lederle), 
until a positive result appealed 

Table 1, giving the types of pneumococci and other bacteria occurring 
m the sputum of these patients, is based on (a) Neufeld typings to 
pneumococcus type VIII from July to Decembei 1938, ( b ) Neufeld 
typings to type XXXII from Decembei 1938 on, and (c) mouse 
inoculations to bung out or confirm types, from February 1939 

THE BACTERIOSTATIC TEST 

During the season 1938-1939, when sulfanilamide was tiled on a 
conti oiled senes of patients with type III pneumococcic pneumonia, a 
variation m the sensitivity of some strains of this pneumococcus to in 
vitro bacteriostatic tests was noted It was therefoie decided to carry 
out this investigation with sulfap} ndme therapy, in order to discover 
whether there was aity con elation between the clinical results of 
treatment and such tests 

In all cases in which the etiologic organism could be determined, 
the test was carried out as follows 

Wright’s 3 nutrient broth was used throughout except for the substitution 
recently, of some peptones, as suggested by White and Parker 4 Tubes were set 
up containing a solution of sulfanilamide or sulfapyridme in broth (from a stock 
solution containing 100 mg per hundred cubic centimeters of broth) and sufficient 
broth added to give drug concentrations of 0 25, 1, 5 and 10 mg per hundred 
cubic centimeters Two drops of a 1 5,000 dilution of an eighteen to twenty- 
four hour broth culture was used in each tube The bacteriostatic effect was 
estimated by the turbidity of the broth after twentj-four hours’ incubation at 
37 5 C 

Table 2 gives the results of bacteriostatic tests and shows how the minimal 
effective inhibition concentration varies with the two chemicals and with the 
various organisms All the strains of pneumococci isolated were inhibited by both 
chemicals, but, as the table shows, there was great variation m the minimal con- 
centration necessary to accomplish inhibition We were unable to find any cor- 
relation between the bacteriostatic concentration m vitro and the effective con- 
centration of the drug m the blood In 1 instance Staph aureus, and in 2 

3 Wright, H D The Importance of Adequate Reduction of Peptone in 
the Preparation of Media for the Pneumococcus and Other Organisms, J Path & 
Bact 37 257, 1933 

4 White, H J , and Parker, J M The Bactericidal Effect of Sulphanilamide 
on Beta Haemolytic Streptococci in Vitro, J Bact 36 481, 1938 
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instances the beta hemolytic streptococcus, was not inhibited by concentrations of 
cither chemical up to 100 mg per hundred cubic centimeters 

PLAN OF TREATMENT 

Up to Februaiy 15, m addition to the routine treatment for 
pneumonia, each patient leceived sulfapjndme m approximately the 
dosage advocated by Evans and Gaisford 1 An initial dose of 2 Gm 
was followed m four houi s by another 2 Gm , and then 1 Gm was given 
every four hours for six doses On subsequent days this four-hourly 
dose was reduced 0 5 Gm per dose per day Fiom nud-Februaiy the 

Table 2 — In Vitio Bactcnostatic Effect of Sulfanilamide and Sulfapyndtnc 
on Pneumococci Isolated fi om Sputum 


Pneumococcus Tj pe 


Frequency of Gucn Minimal Effective Bacteriostatic 
Concentration 


Sulfanilamide 


Concentration, 

Mg per 100 Cc 

Stiains, - — * , 

Tested 0 35 1 5 10 


Sulfapyridine 


Concentration, 
Mg per 100 Cc 

Strains, — 

Tested 0 25 1 5 


10 


I 

20 

0 

3 

9 

2 

21 

3 

3 

11 

4 

II 

9 

2 

3 

4 

0 

9 

2 

0 

t> 

1 

III 

14 

9 

1 

3 

1 

15 

0 

2 

2 

3 

IV 

5 

5 

0 

0 

0 

5 

4 

0 

0 

1 

V 

4 

o 

0 

1 

1 

3 

0 

0 

3 

0 

VI 

4 

2 

0 

1 

1 

4 

1 

0 

2 

1 

VII 

4 

0 

2 

2 

0 

4 

0 

0 

4 

0 

VIII 

11 

4 

2 

4 

1 

10 

4 

2 

n 

1 

IX 

2 

1 

0 

1 

0 

2 

1 

0 

0 

1 

XII 

1 

0 

0 

1 

0 

1 

0 

0 

l 

0 

XIII 

1 

0 

0 

0 

0 

1 

0 

0 

l 

0 

•XVI 

4 

0 

1 

3 

0 

4 

0 

0 

l 

3 

xvn 

1 

0 

0 

1 

0 

1 

0 

0 

l 

0 

XVIII 

2 

1 

1 

0 

0 

2 

1 

0 

l 

0 

XIX 

1 

1 

0 

0 

0 

i 

0 

1 

0 

0 

XX 

4 

1 

0 

2 

1 

4 

1 

0 

o 

1 

XXTI 

1 

1 

0 

0 

0 

1 

0 

1 

0 

0 

xxrrr 

2 

1 

0 

0 

1 

2 

1 

0 

0 

1 

XXVTII 

1 

0 

0 

1 

0 

1 

0 

0 

1 

0 

XXIX 

o 

1 

1 

0 

0 

2 

1 

1 

0 

0 

Not determined 

10 

7 

1 

2 

0 

10 

3 

3 

2 

0 


doses were at foui -hourly mteivals but started with 2 Gm for six 
doses, then 1 5 Gm for six doses, then 1 Gm for six doses, and finally 
0 5 Gm foi six or more doses, to complete the course This amount 
(at least 30 Gm ) was given unless serious toxic manifestations occurred, 
m which case the drug was discontinued Fluids were limited to 2,500 
cc per twenty-four houis during the chemotheiapy 

CLINICAL ErFECTS 

Aftei the ingestion of the first and second doses of sulfapyi ldme 
most patients began to feel more uncomfortable The great majority 
expei lenced nausea and vomiting (see under “Toxic Manifestations”) 
If they persisted m taking the drug, there was usually a drop m 
temperature, pulse and respirations to noimal within thirty-six hours 
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This was maintained in 90 pei cent of the patients, the remainder 
showing a rise m temperature and pulse after the course of treatment 
had been completed This commonly indicated the onset of pleural 
effusion During the afebrile peiiod, while they were still receiving 
the drug, the patients suffeied none of the distressing symtoms usually 
associated with pneumonia They complained instead of the faintly 
bitter taste which the diug produces in the mouth, of the nausea and 
vomiting and, m a considerable numbei of cases, of profound exhaustion 
and weakness, which passed off when the treatment was completed 

COMPLICATIONS 

Pneumococcic bacteremia was noted m 4 of the patients treated with 
sulfapyndine , all recovered 

Pleural effusion was noted in 8 patients with pneumococcic pneu- 
monia, m 4 of whom it became purulent Extension of the sulfapyndine 
therapy in the 4 remaining patients reduced the tempeiature once more, 
and the signs of effusion disappeaied A short summary of the 4 cases 
m which empyema developed follows 

Case 1 — Miss M R, aged 17, was admitted to the hospital on Dec 17, 1938 
Pneumonia of the lower lobe of the right lung was well established A serous 
pleural effusion was also present on the right side, and from it type I pneumo- 
cocci were cultured Repeated aspirations and sulfapyndine therapy failed to 
control the effusion, and the fluid gradually became purulent On Jan S, 1939 
closed drainage was initiated This was later converted to open drainage Several 
courses of sulfapyndine therapy were given and were poorly tolerated owing to 
the distressing nausea and prostration which were produced In all, 63 5 Gm 
was given Several transfusions were necessary to offset the severe secondary 
anemia which gradually developed The patient made a slow recovery 

Case 2 — Mr R B, aged 22, was admitted on March 3, 1939 and was dis- 
charged on May 3 On admission there was pneumonia of the lower lobe of 
the right lung, with type III pneumococci m the sputum A right pleural effusion 
developed, which later became purulent in spite of repeated aspirations and the 
administration of 48 Gm of sulfapyndine Hemolytic streptococci alone grew 
from the purulent pleural effusion Open drainage was performed on April 6, 
and a good recover}" was made 

Cases 3 and 4 — Both W W and W S, aged 51 and 21, had type III 
pneumococci in the sputum, and pleural effusion developed in both Staph aureus 
of the hemolytic type and pneumococcus type III were cultured from the effusion 
These organisms were inhibited m vitro only by concentrations as great as 100 mg 
of sulfanilamide or sulfapyndine per hundred cubic centimeters These patients 
received 45 and 50 Gm of the drug, respectively, and the pleural effusions were 
repeatedly aspirated but finally required open drainage Both patients made good 
recoveries 

TOXIC MANIFESTATIONS 

This is primanly a report on 70 patients who were treated for 
pneumococcic pneumonia with sulfapyndine, but conclusions as to the 
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toxicity of this drug may be propeily drawn from a consideiation of all 
the patients so treated The following remarks are therefore based on 
the results in the 90 patients who received the drug Eighty-five per 
cent of these patients suffered some toxic manifestations 

Mild Toxic Manifestations — 1 Nausea and Vomiting Nausea 
occurred in 80 per cent and vomiting m 78 per cent of the 90 patients 
In about 10 per cent the vomiting became a serious obstacle to adequate 
treatment Among the many unsuccessful means used in the attempt to 
overcome this troublesome symptom were a powdered form of the 
drug, given m fruit juice or milk , antacids , a duodenal tube for 
administering the drug and food 

Theie are grounds for believing that the nausea and vomiting may be 
due in part to the local lrntation set up by the drug in the stomach 
Some patients vomit the tablets a few minutes after swallowing them 
On the other hand, patients treated by mtiavenous injection of the 
sodium salt of sulfapyi ldme not infrequently experience nausea and 
vomiting This suggests that at least pait of this toxic manifestation 
originates from the central nervous system Trial of ascorbic acid to 
control this symptom w^as unsuccessful Nicotinic acid has been shown r ’ 
to be effective m controlling the sickness following high voltage roentgen 
therapy One of us (W H B ) found that the anorexia, nausea, vomit- 
ing and depression and to some extent the cyanosis were often remarka- 
bly diminished by oial administration of 100 to 300 mg of nicotinic 
acid m each twenty-foui houis (This w^as an independent observation 
Priority, however, belongs to Di A P McGmty, whose work has since 
come to oui notice 0 ) Since March 1939 nicotinic acid has been given 
m divided doses (50 mg every four hours) to alternate patients receiv- 
ing sulfapyndme Twenty patients have been treated m this way, of 
these, 12 weie nauseated and 8 vomited, but the severity of each symp- 
tom has been much less than in the controls of this group or m the series 
as a whole Anorexia, m particulai, seems to be much less severe m 
the patients leceivmg nicotinic acid The results are sufficiently encour- 
aging to warrant furthei tual 

Just how nicotinic acid acts m this connection is not yet fully under- 
stood It has been found 7 that pellagrins have an excess of porphyrin 
m the urine, wdnch has been reduced to noimal by the administration of 
nicotinic acid However, it would seem from recent work by Graham 5 
that the degree of radiation sickness and of the response to nicotinic acid 

5 Graham, J W Radiation Sickness Treatment with Nicotinic Acid, 
JAMA 113 664 (Aug 19) 1939 

6 McGmty, A P , Lewis, G T , and Holtzclaw, M R Symptoms Occurring 
with Sulfanilamide Relieved by Nicotinic Acid, J M A Georgia 28 54, 1939 

7 Spies, T D , Cooper, C , and Blankenhorn, M A The Use of Nicotinic 
Acid m the Treatment of Pellagra, JAMA 110 622 (Feb 26) 1938 



1150 


ARCHIVES OF INTERNAL MEDICINE 


ai e not related to porphyrin excretion After the work of Rimington 8 
on the pigment metabolism after admimstiation of sulfanilamide and 
related compounds, Graham suggested that in radiation sickness the 
abnormal porphyrin excretion is due to disturbance of hemopoietic or of 
hepatic function This may be the case also with sulfapyndme, and 
further studies on this piobletn aie necessary 

At the suggestion of Dr Alexandei Fleming and his associates at 
St Maiy’s Hospital, London, we have since tiled giving sulfapyridine 
as an emulsion (1 Gm of the powdeied drug suspended m 1 drachm 
[3 88 Gm] of half stiength mucilage of tiagacanth BP) and have 
obtained better results than any obtained hitherto Since we believe that 
the nausea and vomiting are of both cential and local origin, we advise 
combining the administration of the drug m the form of an emulsion in 
mucilage of tragacanth with the admimstiation of 30 to 50 mg of nico- 
tinic acid for each dose of emulsion 

2 Anorexia This sjmptom without nausea and vomiting was 
observed m 4 patients but seemed of no consequence except that it made 
the patients loath to take the diug It was alleviated by the use of 
nicotinic acid 

3 Headache This is an uncommon symptom It does not seem to 
occur with much gi eater frequency than m patients whose pneumonia 
is treated symptomatically 

4 Dizziness This occurred in 6 patients but was not senous 

5 Cyanosis This symptom was present m 8 patients In 1 instance, 
sulfhemoglobmemia was detected specti oscopically This condition 
occurred when the level of the free diug in the blood was 14 9 mg per 
hundred cubic centimeters 

6 Facial twitching This symptom was noted m 3 patients It 
occurred when the level of the free drug in the blood was high, about 
15 mg per hundred cubic centimeters, and was not of any special 
significance 

Senous Toxic Manifestations — The following symptoms were con- 
sidered indications for either paitial or complete withdrawal of the 
chemotherapy 

1 Oliguria Oliguria was considered to be present when less than 
300 cc of urme was excreted in twenty-foui hours This complication 
developed m 9 cases In these the administration of the drug was 

8 Rimington, C , and Hemming, A W Porphyrinuria Following Sulph- 
anilamide Sulphamlamide Dermatitis, Lancet 1 770, 1938 Rimington, C 
Disturbance of Pigment Metabolism Following Administration of Drugs of the 
Sulphamlamide Series and Simpler Related Substances, Proc Roy Soc Med 
32 351, 1939 
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discontinued, and fluids were given in large amounts by mouth and 
intravenously 

2 Anuna This symptom occurred m 3 patients 

Mr H F, aged 77, had bronchopneumonia at the base of the left lung with 
pneumococci (the type of which could not be determined) in the sputum During 
the course of treatment and in spite of efforts to combat developing oliguria 
by forcing fluids, he suffered a sharp drop in the white cell count and in hemoglobin, 
gross hematuria and, later complete anuria The level of the free drug in the 
blood was 16 mg per hundred cubic centimeters As a result of intravenous 
administration of fluids and complete withdrawal of the drug, this man made a 
gradual recovery, no renal impairment being demonstrable 

Mr J R , aged 58, was admitted March 9, 1939 and died April 1, 1939 On 
admission he had bronchopneumonia of the right lung with pneumococci (type not 
determinable) in the sputum (Cultures from the lung at autopsy showed 
hemolytic Staph aureus ) He was given 23 Gm of sulfapyridine and he became 
afebrile in four days The temperature rose again and a second course of the 
drug was given (48 Gm m fourteen days) On the fourth day of this course a 
macular rash developed, which disappeared without special measures except the 
interruption of chemotherapy for one day While he was still receiving the 
drug (6 Gm daily) oliguria developed (210 cc of urine in twenty-four hours) , 
then, for a short time, he was anuric Fluids relieved the condition, and the 
administration of the drug was continued (3 Gm daily) Several days later 
the white cell count was 2,000, and the administration of sulfapyridine was dis- 
continued In spite of intravenous administration of fluids, blood transfusions and 
intramuscular injections of liver extract, the white cell count fell to 700, and 
agranulocytosis was present Autopsy showed lobar pneumonia, coronary sclerosis, 
arteriosclerotic kidneys, slight atrophy of the pancreas and a fatty liver 

Mr W P , aged 19, was admitted April 16, 1939 and died April 19, 1939 
Pneumococci (type XXIII) were found in the sputum, and later, after mouse 
inoculation, hemolytic Staph aureus was identified Sodium sulfapyridine was 
administered intravenously to a total of 15 2 Gm , and complete anuria developed 
during the last ten hours of life 

The significance of the oliguiia is discussed, and the details of the 
case of W P aie repotted, elsewhere 9 Bnefly out expenence led us to 
the conclusion that the use of heavy doses with testriction of the fluid 
intake is a procedute seldom justified, and one attended by serious lisks 

3 Gioss hematuna In 6 patients gross hematuria occuned, asso- 
ciated in 4 with pam in the costovertebral angle The concentiation of 
the free drug in the blood of these 6 patients varied from 10 to 27 mg 
It may be that the hematuna is due to precipitation of crystalline sulfa- 
pyridme m the renal tissue, as these crystals aie not mfiequently seen 
m the urine when concentrations of the fiee drug are high In none of 
these patients was impairment of lenal function detected subsequently 

4 Leukopenia A white cell count of less than 4,500 was recorded 
for 8 patients Of these, J R , ah eady referi ed to, was the only one m 

9 Brown, W H , Thornton, W B , and Wilson, J S Observation on the 
Absorption, Distribution and Excretion of Sulphapj ridme, Dagenan or M &. B 693, 
J Clin Investigation 18 803, 1939 
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whom the condition lesulted in a fatality Leukopenia was found in 
patients showing 3 to 11 mg of the fiee drug per hundred cubic 
centimeteis of blood In all these patients theie was relative gianu- 
lopema, and in the patient whose condition ended fatally agranulocytosis 
developed 

5 Anemia Six patients had a sharp drop in hemoglobin and in red 
cells during the five days of treatment The average drop m hemoglobin 
was 14 per cent, and the average decrease in led cells was 700,000 No 
special measures were adopted to remedy this condition, and lecovery 
was spontaneous (Details of the blood djsciasias are given else- 
where 10 ) 

6 Cutaneous rashes A fine macular to morbilliform rash devel- 
oped m 6 patients One of these was J R , already referred to, who 
had a rash two weeks before death Another, W L , aged 31, was 
admitted on Feb 9, 1939, with pneumonia of the lower lobe of the right 
lung and type III pneumococci in the sputum He was much nauseated 
by the sulfapyridme, and on the fouith day of therapy a maculopapular 
lash and cyanosis developed He made a good recovery and returned to 
work, but he was readmitted on March 3, 1939, again with pneumonia of 
the lower lobe of the light lung The sputum contained type V pneumo- 
cocci on this occasion A scai latimform rash developed on the third 
day of chemotherapy, and there was a sharp drop in hemoglobin and 
red cells Cessation of the therapy and forcing of fluids brought about a 
disappearance of the toxic manifestations, and the patient made a satis- 
factory recovery 

7 Thermal reactions In a few instances withdrawal of the drug 
apparently resulted in a reduction of the temperature a point or two, to 
normal It was difficult to ascertain whether the fever had been due 
to the drug because the drop m temperature usually occurred about the 
eighth day of the pneumonia and may have been due to the fact that 
the febrile phase of the illness happened to cease on that day There 
were, however, 5 instances m which a fever frankly due to the effect 
of the drug was encountered 

8 Mental changes Some patients seemed to become more restless 
and confused during treatment with sulfapyridme It was difficult to 
determine the cause of extreme drowsiness or of delirium, as such mani- 
festations are common in severe pneumonic conditions, but m 4 fatal 
cases there was a question of whether these states had been accentuated 
by treatment, especially since the levels of the drug m the blood 
were high 

10 Morgan, J R E , and Detweiler, H K Hematologic Study of Seventy- 
Six Pneumonia Cases Heated with Sulfapyridme Including a Fatal Case of 
Agranulocytosis, J Lab & Clin Med 25 275, 1939 
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Table 3 is designed to show the relation of toxic manifestations to 
the total dose of sulfapyridme Nausea and vomiting are omitted from 
the list of symptoms because the incidence of these symptoms was 
1 educed by the use of nicotinic acid 

Concent! ations in the Blood — The aveiage maximum blood level 
of the free diug was about 9 mg pei hundred cubic centimeters In 
patients recovering the levels ranged from 3 to 25 mg In those who 
died the levels ranged from 5 8 to 2S 3 mg A detailed study of the 
absoiption and distribution of the drug in the tissues has been published 
elsewhere 0 

Inti avenous and Inti amuscnlai Sulfapyi idme Theiapy — In Febiu- 
ary 1939 supplies of sodium sulfapyi idme (Calco) were obtained 
through Dr Perrm Long, of the Johns Hopkins Hospital Later, 


Table 3 — Relative Ficqncncy of Senons Toxic Manifestations with Tu>o 
Schemes of Dosage of Sulfapyi idine 



Lower Doses 

Higher Doses 


(Average Total 

(Average Total 


22 Gm ) 

35 Gm ) 

Average free drug in blood, mg per 100 cc 

7 

10 

Patients 

21 

09 

Number with given to\ic manifestations 

Oliguria 

0 

9 

Anuria 

0 

3 

Gross hematuria 

1 

5 

Leukopenia 

2 

0 

Agranulocytosis 

0 

1 

Anemia 

0 

0 

Rash 

1 

5 

Fever 

1 

4 

Deaths 

2 

0 


sodium sulfapyridme was supplied by Poulenc-Freres for intravenous 
use Patients treated by the intravenous method are reported on in 
detail elsewhere 0 Our experience has as yet been limited, but it would 
seem that this method of administration should be used only when 
patients cannot be treated by mouth When patients were very ill, 
treatment was begun with an intravenous injection of 70 cc of a 5 per 
cent solution (3 5 Gm ) This was later supplemented by further intra- 
venous medication at eight hour intervals oi by oral therapy every four 
hours The dosage was carefully controlled by clinical and laboratory 
observations, including chemical estimations of levels of the free drug 
in the blood For intravenous use a 5 per cent solution of the drug 
supplied by Poulenc-Freres was made up with distilled water from the 
ampules, which contained a 33 per cent solution For intramuscular use 
v r e injected initially 6 cc of the 33 pei cent solution (2 Gm ), directlv 
into the gluteal muscles This was followed in eight hours by an injec- 
tion of 1 Gm into the opposite hip, and a similar dose w as given at eight 
hour intervals until the level of the free drug m the blood was 8 mg , 
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or until the patient could take sulfapyiidme by mouth The 33 per cent 
solution had a /> H of approximately 113, and it was remarkable that no 
great discomfoit was occasioned by the injection into the gluteal muscles 
An explanation for this may be the small size of the molecule of sodium 
sulfapyndme 

MORTALITY 

Five of the 70 patients who were treated with sulfapyndme died, 
giving a mortality rate of 7 1 per cent The following brief summaries 
will serve to show the type of case in which this chemotherapy was 
unsuccessful 

1 Mrs G T , aged 60, was admitted on Dec 30, 1938 and died on Jan 20, 
1939 This woman had bilateral bronchopneumonia, with type XVI pneumococci 
in the sputum, associated with diabetes melhtus and hypertensive cardiovascular 
disease Despite the administration of 24 Gm of sulfapyndme, with the blood 
levels reaching 11 mg per hundred cubic centimeters, she never became afebrile In 
vitro, the type XVI pneumococcus isolated from the sputum showed bactenostasis in 
the presence of 5 mg of drug per hundred cubic centimeters At autopsy marked 
congestion of the lower lobes was noted, but the pneumonia had resolved There 
were areas of infarction m the liver and spleen, and a uterine abscess was found 

2 Mrs H V , aged 75, was admitted on March 13, 1939 and died on March 
29, 1939 The diagnosis on admission was bronchopneumonia of the lower lobe 
of the right lung, for which she was given sulfapyndme in the routine doses 
described, so that a blood level of 14 mg per hundred cubic centimeters was 
reached She did not become afebrile There were pneumococci (type not 
determinable) in the sputum Despite continued chemotherapv this pneumonia 
did not resolve, and the patient died without extension of the disease or develop- 
ment of any complication At autopsy diffuse bronchopneumonia of the lower 
lobe of the right lung was noted, together with fibrosis of the heart, acute ulcers 
of the stomach and moderate fatty degeneration of the liver 

3 Mr G B , aged 63, was admitted on March 14, 1939 and died on March 
23, 1939 This man had parkinsonism and bilateral bronchopneumonia The blood 
levels of free sulfapjmidine reached 14 mg per hundred cubic centimeters with the 
regular dosage described, but the patient’s course was steadily downward Autopsy 
revealed marked engorgement of the lower lobes of both lungs and moderate 
fatty change within the liver There was marked sclerosis of many blood vessels, 
especially of the aorta 

4 Mr H W, aged 70, was admitted on March 17, 1939 and died on March 
23, 1939 This man was admitted to the hospital with a fractured pelvis, and 
three days later bronchopneumonia developed This did not respond to 33 Gm of 
sulfapyndme, although the blood levels of the drug reached 10 4 mg per hundred 
cubic centimeters Supportive therapy and oxygen were of no avail Permission 
for autopsy was refused 

5 Mr C, aged 70, was admitted on April 21, 1939 and died on April 30, 
1939 Bronchopneumonia of the lower lobe of the right lung was present on 
admission, and pneumococci (type XXVI) were found in the sputum In spite of 
the administration of 17 Gm of sulfapyndme, his condition grew steadily worse, 
the pneumonic signs persisted and the patient died Permission for autopsy was 
refused 
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Attention is called to the fact that the average age of those who died 
was 68 years , none were under 60 years of age 


NONPNEUMOCOCCIC PNEUMONIAS TREATED WITH SULrAPYRIDINE 


There were 15 patients m this group, of these, 6 died 
found weie distnbuted as follows 


Patients 

Mixed Fnedlander’s bacillus, etc 6 

Hemolytic streptococci of the beta type 6 

Hemolytic Staph aureus 3 


The organisms 

Number 
Who Died 
1 
2 
3 


One of the patients who died from pneumonia caused by the beta 
hemolytic streptococcus deserves special mention 

Mr R Y, aged 19, was admitted on March 13, 1939 and died on March 23, 
1939 He had a well developed pleural effusion on the right side, beta hemolytic 
streptococci were cultured Repeated aspirations and the administration of 33 Gm 
of sulfapyridine (level of free drug m the blood, 18 9 mg per hundred cubic 
centimeters), failed to control the process The pulse became very rapid, and 
the blood pressure fell in spite of stimulants The patient died two days after an 
open drainage of the pleuial cavity Permission for autopsy was refused 


COMMENT 

Out expenence with the use of rabbit seium had previously led us 
to the conclusion that it has a definite place m the treatment of pneu- 
monia 11 The death rate among patients tieated with serum up to the 
time of wilting has been 10 pei cent, as compaied with a late of 25 per 
cent in the conti ol group over a period of five yeais This rate is 
not significantly diffeient fiom that among patients treated with sulfa- 
pyndine, as here reported It must, however, be lemembered that m 
our hands the use of sei um has been applicable to only about 50 pei cent 
of all patients with pneumonia, wheieas sulfapyndme, by virtue of its 
polyvalency, was used in a much wider field There can be no question 
of its value m the tieatment of all types of pneumococcic pneumonia Of 
outstanding impoitance is the time saved, because this form of specific 
treatment can be begun while one is waiting for bacteriologic identification 
of the causal oiganism This is especially apparent in those cases in 
which sputum is not immediately available 

A definite statement as to the optimum concentration of sulfapyridine 
in the blood cannot as yet be made, but m general an initial level of 
6 mg per hundred cubic centimeters and a maintenance level of 3 to 
4 mg should be the goal Patients were encountered whose treatment 

11 Kinsey, H I , Brown, W H, and Feasb}', W R Antipneumococcus 
Serum Treatment of Pneumonia, Canad Pub Health J 31 56, 1940 
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had to be discontinued after the first day because of the toxicity of the 
di ug Some of these made an uneventful recover) without fui ther treat- 
ment In otheis (particularly those with pneumonia caused by pneu- 
mococcus type III) the disease could not be conti oiled unless high 
concentrations were established Resistant conditions could not be 
determined by refeience to bacteriostatic tests as stated in an earlier 
section of this paper From October to Febiuary, a penod during which 
the modified Evans and Gaisford dosage was used, 2 deaths resulted in 
21 patients In 18 of these the pneumonia was pneumococcic, and 1 of 
these patients died After this time larger doses were used, without any 
improvement in the mortality rate Among the 21 routinely treated 
patients in the control senes there were 4 deaths 

Undoubtedly the biologic factor (the state of the immunity mecha- 
nism) has a veiy important role m determining how much chemotheiapy 
should be employed and for how long It was hoped that the Francis 
test would throw some light on this problem In a few cases it was of 
definite aid m demonstrating that an excess of circulating antibodies was 
present, and in these cases discontinuance of the drug was not followed 
by exacerbations The usefulness of this test was unfortunately obscured 
by the high percentage of positive results obtained on patients at the 
time of admission to the hospital Agglutination tests were not used 
in this investigation, but it seems reasonable to anticipate that a test 
indicating the time at which the biologic immunity has become fully 
mobilized would prove to be of veiy considerable aid in chemotherapy 
In any event, the importance of active immunity should not be lost sight 
of in the treatment of pneumonia It is our belief that sulfapyndme is of 
extraordinary value m that it permits ti eatment to be instituted at once , 
when the pneumococcus is identified, serum may be used as an adjuvant 
Such a method, in which the total dose of sulfapyndme is reduced, may 
well prove to be the one of choice 

During the period of modeiate dosage (October to February) few 
serious effects were observed, despite the fact that in 2 cases chemo- 
therapy was prolonged After this period, and coincidental with the 
institution of more intensive dosage, higher levels of the free drug in the 
blood weie attained, and the occurrence of serious toxic effects became 
frequent Hematuria, oliguna, anuria, leukopenia, rashes and fever, 
which were previously infiequent or not observed, now appeared This 
series stands in contrast to almost all those already published in the large 
number of toxic manifestations observed On the other hand, the 
mortality rate noted here is slightly higher than many of those reported 
elsewhere The conclusion is inescapable that the high blood levels 
reached in the latter part of the season did not offer a better protection 
against death from pneumonia and that the occurrence of serious and 
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fiequent toxic manifestations was dnectly due to the adoption of heawer 
doses The average total and daily doses in the earlier period were, 
respectively, 22 and 5 5 Gm , those m the later period were 35 and 
7 5 Gm These small diffeiences emphasize the narrowness of the range 
between doses which are effective and those w r hich are attended by risk 
of serious toxicity 

SUMMARY 

1 The treatment of pneumococcic pneumonia with sulfap) ridine 
resulted in this series in 5 deaths m 70 patients The a\erage age of 
those who died w r as 68 years 

2 Sulfapyndine therapy did not reduce the incidence of complica- 
tions of pneumonia in this small series 

3 In this series 85 pei cent of 90 patients who received the drug 
had toxic manifestations The eailier dosage (average total dose, 
22 Gm ) w'as relatively innocuous, but the later dosage (average total 
dose, 35 Gm ) was attended by many senous toxic manifestations, with- 
out lowering of the death rate Until more is known of the concen- 
tration of sulfapyndine m the blood which is effective in combating 
pneumococcic pneumonia, heavy doses should be employed with great 
caution 

4 Nicotinic acid was found to be effective, to some extent, in con- 
trolling the nausea and vomiting which occurred in 85 per cent of the 
patients receiving sulfapyndine Vomiting was also reduced when the 
drug was given as an emulsion, the pow^dei suspended m mucilage 
of tragacanth 

5 The reduction of the fluid intake to less than 2,500 cc when heavy 
doses were employed was obseived to cause acute renal insufficiency, 
resulting in oliguria and anuria 

6 No correlation between in vitro bacteriostatic tests and clinical 
results with sulfapyndine could be shown 

7 Sulfapyndine was unsuccessful in the treatment of streptococcic 
and staphylococcic pneumonia 



PURPURA HAEMORRHAGICA FOLLOWING 
NEOARSPHENAMINE AND BIS- 
MARSEN THERAPY 

FURTHER STUDIES ON SENSITIVITY TO ARSPHENAMINE 
AND TOLERANCE TO MAPHARSEN 

ERNEST H FALCONER, AID 

AND 

NORMAN N EPSTEIN, AID 

SAN FRANCISCO 

In 1936 studies on 3 patients with purpura haemorrhagica following 
neoarsphenamme therapy were reported 1 We ascertained by experiments 
that 2 of these patients were veiy sensitive to neoarsphenamme but 
apparently not sensitive to mapharsen, as the intravenous injection of 
this arsphenamme derivative failed to pioduce any significant effects 
on the platelets and capillaries or any untowaid constitutional reaction 
The third patient of the series disappeared from observation after leaving 
the hospital, hence no experimental studies weie made 

Since publication of the repoit mentioned, we have had an oppoi- 
tumty to study 6 additional patients who showed hemorrhagic phenomena 
following the therapeutic use of aisphenamme derivatives It appeared 
to us impoitant to recoid our experimental studies on these patients, 
particularly those on 5 patients of the series who showed typical purpuia 
haemorrhagica following the use of neoarsphenamme oi of bismarsen 
but who had no apparent reaction following the intravenous injection ot 
mapharsen 

Since our 1936 report and up to the time of the present lepoit 
(March 1939), we have found recoided only 3 instances of thrombo- 
penic purpuia following arsphenamme theiapy In the Soviet Russian 
medical literature, Izhevskiy 2 in 1936 reported 1 case m which the con- 
dition followed neoai sphenamine therapy In 1937, Mann and Tetta- 
manti 3 reported 1 case m which it followed the fouith injection of 0 18 

Supported by a grant from the Chiistine Bieon Fund 

From the Divisions of Aledicine and Dermatology of the University of Cali- 
fornia Afedical School 

1 Falconer, E H , Epstein, N N , and Wever, G K Purpura Hemorrhagica 
Following the Administration of Neoarsphenamme, Arch Int Aled 58 495 (Sept) 
1936 

2 Izhevskiy, K AI Hemorrhagic Purpura Following Arsphenamme Therapy, 
Klin med 14 1053, 1936 

3 Marm, J V , and Tettamanti, J C Hemorrhagic Purpura Due to Arsphen- 
amin Therapy, Rev med del Rosario 27 127 (Feb ) 1937 
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Gm of sulfarsphenamine In the Danish medical literature, Stigaai d 4 
reported the case of a \oung man with thrombopenic purpura following 
prolonged treatment with neoarsphenannne 

The present repoit concerns studies on 5 patients, 2 wuth thrombo- 
penia and purpura following intravenous injection of neoarsphenannne 
and 3 showing similar phenomena after intramuscular injections of 
bismaisen Another patient is included in this study because she had 
a somewdiat different type of leaction to the aisemcals, showing large 
ecchymotic areas m the skm but no thrombopema following administra- 
tion of bismarsen and neoaisphenamme These studies have been ear- 
ned out in the hope of obtaining data that would be helpful in elucidating 
the mechanism causing thrombopema and puipunc hemorihages in 
sensitive, or sensitized, persons aftei admimstiation of the arsphen- 
amines We believe, fiom our experience, that the condition is of much 
moie frequent occunence than published repoits m the hteiatuie would 
indicate From the time we began these studies on oui hist observed 
case (m 1933) until the end of 1938, we have observed and studied 8 
patients with typical purpura haemorrhagica following administration 
of some form of arsphenamine Seven of these patients have been tested 
for tolerance to mapharsen, and none has shown any untowaid reaction 
or any evidence of purpura haemoi rhagica following therapy with 
mapharsen 

METHODS AND TECHNIC 

Six patients constituted our material and were studied either in the hematologic 
clinic or in the University of California Hospital Of these, 5 were women and 
1 a man All were referred from the syphilis clinic because of hemorrhagic 
phenomena following admimstiation of arsphenamine derivatives In 4 instances 
bismarsen was used, and in 2, neoarsphenamme Blood counts were made with 
standardized apparatus The estimations of hemoglobin were made with the 
Sahli hemoglobinometer (Osgood and Haskins modification 5 6 ) By this method, 
13 7 Gm of hemoglobin equals 100 per cent The platelet counts were performed 
according to the Rees and Ecker c technic In these experiments, a count of 
from 200,000 to 600,000 platelets per cubic millimeter was considered to be within 
the normal range Blood counts were made usually in the morning hours, between 
9 and 11 a m Hematocrit readings were made with Wmtrobe 7 pipets Capillary 
fragility was estimated by the Dalldorf 8 method, and all readings were based on 

4 Stigaard, A Care of Thrombopenic Purpura After Arsphenamine Adminis- 
tration Cured by Blood Transfusion, Ugesk f laeger 99 138 (Feb 4) 1937 

5 Osgood, E E, and Haskins, HD A New Permanent Standard for 
Estimation of Hemoglobin by the Acid Hematin Method, J Biol Chem 57 107 
(Aug ) 1923 

6 Rees, H M, and Ecker, E E An Improved Method for Counting Blood 
Platelets, JAMA 80 621 (March 3) 1923 

7 Wintrobe, M M Classification of the Anemias on the Basis of Differences 
in the Size and Hemoglobin Content of the Red Corpuscles, Proc Soc Exper 
Biol & Med 27*1071, 1930 

8 Dalldorf, G A Sensitive Test for Subclimcal Scurv} in Man, Am J 
Dis Child 46 794 (Oct ) 1933 
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application of negative pressure for one minute Our method was to make 
daily platelet counts after the initial complete blood count made at the first exam- 
ination of a patient during an attack After the platelet count had returned to 
normal or to nearly the normal level, the patient was given a dose of neoarsphen- 
amme (0 1 Gm or less) intravenously to reproduce the attack After admin- 


Tabll 1 — Excel pis from Case Histones 
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istration, platelet counts were made at intervals of fifteen, thirty, sixty and one 
hundred and twenty minutes , then daily r or less often until the count had returned 
to normal This procedure was repeated after administration of mapharsen, 
beginning with 10 oi 20 mg Usually more than one dose of mapharsen was used 
m testing the patient’s sensitivity to this drug 

PROTOCOLS AND EXPERIMENTAL DATA 

Case 1 — From the excerpt of the case history (table 1) it will be seen that 
the patient, a woman aged 44, was sensitive to neoarsphenamine 





Table 2 — Platelet Counts and Othe> Data in Case 1 
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She was next given intravenous injections of mapharsen to test her sensitivity 
to this arsphenamine derivative On Dec 12, 1936, she received 10 mg of 
mapharsen On Jan 11, 1937, she received a second dose of mapharsen (40 mg) 
The platelet counts immediately after the injections and at longer intervals are 
recorded in table 2 After these injections, she experienced no untoward symp- 
toms, the platelet counts were not decreased significantly and no petechial hemor- 
rhages appeared in the skin or mucous membranes 

On Jan 21, 1938, the patient was given an intravenous injection of neo- 
arsphenamine (0075 Gm) to determine, in a measure, her sensitivity to this 
drug While the needle was in the vein and she was still receiving the injection, 
her face became flushed and a dark reddish hue spread over her face and neck, 
she complained of a “choking sensation ” At the end of the injection the pulse 
was rapid (130 beats per minute) , she became nauseated and vomited, the hands 
and feet were cold, and a “splitting headache” came on The acute symptoms 
gradually subsided Table 2 shows the rapid drop in the platelet count Oil 



Fig 1 — Hemorrhagic blebs appearing twenty-four hours after administration 
of 0 075 Gm of neoarsphenamine 

January 22, twenty-four hours after the injection, there were many small, dark 
red petechiae on the arms, chest and lower extremities On the upper parts of 
both arms and over both ankles were ecchymotic areas from 6 to 8 cm m diameter 
In the buccal mucosa on the right there was a hemorrhagic bleb about 2 cm in 
diameter, and there were three smaller areas (about 3 mm m diameter) in the 
buccal mucosa of the lower lip (fig 1) On this date she had a slight epistaxis, 
a small amount of uterine bleeding occurred and the urine showed many red 
blood cells in each microscopic field 

On February 23 intravenous injections of 40 mg of mapharsen were started 
and continued with short periods of rest until December 15 These treatments 
brought about freedom from her tabetic pains, and the platelet counts (tables 
2 and 3) ranged between 160,000 and 300,000 pei cubic millimeter No untoward 
symptoms and no purpuric or other hemorrhages occurred during her many 
injections of mapharsen 

Case 2 — A man aged 66, had a reaction from bismarsen on Oct 7, 1937 
(table 1) By October 9 the platelet count had risen to 240,000 per cubic milli- 
meter On October 12 the platelet count was 360,000 At this time the patient 



Table 3 — Finthci Platelet Counts and Miscellaneous Data in Case 
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Table 4 — Platelet Count'! and Othei Data in Case 2 
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FALCONER-EP STEIN— PURPURA HAEMORRHAGIC A 1165 


was given 6 mg of mapharsen intravenously in order to determine whether he 
was sensitive to this drug We knew that he was sensitive to neoarsphenamine, 
because he had a history of a severe reaction in 1929 following the taking of 
0 45 Gm of this drug, which had made it necessary for him to enter the University 
Hospital for two days After the injection of mapharsen the platelet count 
fluctuated slightly, but at the end of one and one-half hours it was at about the 
same level as before the injection (table 4) There were no clinical signs or 
symptoms of a reaction 

On October 21 the Dalldorf capillary fragility test showed 

— 25 cm pressure 8 to 10 petechiae 

— 20 cm pressure 3 to 5 petechiae 

— 15 cm pressure no petechiae 



Fig 2 — Purpuric lesions which appeared two hours after injection of 0 015 
Gm of neoarsphenamine 


These tests were done at 9 a m , and at 9 30 a m 0 015 Gm of neoarsphenamine 
was administered mtravenousl} Immediately afterward, the patient complained 
of nausea and became cyanotic, the pulse was rapid, and he felt faint The blood 
pressure dropped from 120 mm of mercury systolic and 80 diastolic to 85 sjstolic 
and 60 diastolic Thirty minutes after the injection the platelet count was 80,000 
per cubic millimeter At this time the Dalldorf capillary fragility test showed 

— 15 cm pressure a shower of petechiae 

— 10 cm pressure 20 to 25 petechiae 

Two horns after the injection, purpuric spots appeared on the upper anterior sur- 
face of the chest, on the arms and below the knees (fig 2) At this time the 
patient had a chill, for which 1 cc of epinephrine hvdrochlonde (1 1,000) was 
administered subcutaneousl} The platelet count rose to 170,000 per cubic milli- 
meter The patient was transferred from the clinic to the hospital Seven hours 
after the injection and just after a hot tub bath, the platelet count was 190,000 




1166 


ARCHIVES OF INTERNAL MEDICINE 


per cubic millimeter On October 22, twenty-four hours after the injection, the 
Dalldorf capillary fragility test showed 

— 15 cm pressure a shower of petechiae 

— 10 cm pressure 30 peteehiae 


On October 23, the test showed 

— 20 cm pressui e 
— 15 cm pressure 

— 10 cm pressui e 


40 to 50 petechiae 
30 to 35 petechiae 
12 to 20 petechiae 


On October 25, the platelet count was 300,000, and the test showed 

— 20 cm pressure 20 to 30 petechiae 

— 10 cm pressui e 7 to 9 petechiae 


On November 4, the platelet count was 410,000, and the test showed 

— 20 cm pressure 7 petechiae 

— 15 cm pressure 3 petechiae 

— 10 cm pressure no petechiae noted 

Case 3 — On Nov 29, 1937, a woman aged 45 who was known to be sensitive 
to neoarsphenamine (table 1) was tested with 20 mg of mapharsen administered 
intravenously The platelet count rose immediately after this injection (table 5) , 
no untoward symptoms occurred On December 3 she received 0 1 Gm of neo- 
arsphenamine intravenously While still receiving the injection, she began to 
complain of nausea As soon as the injection was finished, \omiting occurred, 
the pulse became rapid and feeble, the hands and feet were cold and a severe 
headache came on Two hours after the injection, petechiae appeared on the 
upper parts of both arms and on both loAver extremities below the knees At 
the end of thirty minutes after the injection, the platelet count was 80,000 per 
cubic millimeter, sixty minutes after the injection, the count nas 130,000, one 
hundred and twenty minutes after the injection, the count was 190,000 On the 
following day the platelet count was 70,000 per cubic millimeter This was the 
first time we had observed a temporary use in the platelet count following admin- 
istration of neoarsphenamine to a patient known to be sensitive to this drug and 
to have previously exhibited purpura haemorrhagica following its intravenous use 

Case 4 — On Oct 10, 1938, after an intramuscular injection of 0 2 Gm of 
bismarsen, the patient, a woman aged 48, had a severe reaction, the thrombocytes 
dropping as low as 50,000 per cubic millimeter By October 17 the platelet count 
had risen to 310,000 In order to test her sensitivity, we gave her on this date 
20 mg of mapharsen intravenously The platelet count was not loweied by this 
drug (table 6), and no reaction of any type was noted after the injection 

When she was first seen in the hematologic clinic we noted the presence of 
hypochromic anemia, and she was given intramuscular injections of concentrated 
liver extract (Lilly) with ferrous sulfate (0 23 Gm , four doses daily) In 
addition to its possible effect on the hemopoietic system, we desired to ascertain 
whether liver extiact exercises an ameliorating effect on the toxic reaction 
occurring after administiation of the aisphenamine to a patient sensitive to at 
least one of these preparations, the sulfarsphenamine or bismarsen On both 
November 22 and November 29 she was tested further with 40 mg of mapharsen 
No significant change in the platelet counts occurred, and she showed no evidence 
of reaction On December 14, 0 1 Gm of neoarsphenamine was administered 
intravenously The platelet count dropped slightly' (table 6), but there were 
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Table 6 — Platelet Counts and Otliei Data in Case 
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Table 7 — Fwthei Platelet Counts and hliscellameoiis Data in Case 4 
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no untoward symptoms following the injection On December 21 a second 
intravenous injection of neoarsphenamine (01 Gm ) was given The platelet 
count gradually rose after the injection On the next day the number of platelets 
was still above the level of the count made just before the neoarsphenamine was 
administered (table 7) No reaction of any sort was observed from this second 
dose We decided to test her sensitivity to bismarsen, accordingly, on December 
30, she received an intramuscular injection of 0 1 Gm of bismarsen in the left 
buttock The platelet count before the injection was 570,000 per cubic milli- 
meter, ninety minutes after the injection it dropped to 210,000 The patient 
became nauseated and was pale, the pulse was rapid and weak, and the hands 
and feet were cold immediately after the injection Ninety minutes after the 
bimarsen was given, a chill came on, and, as the pulse was rapid and weak, she 
was given 1 cc of epinephrine hydrochloride (1 1,000) subcutaneously The 
platelet count rose immediately and two hours after the injection it was 320,000 
per cubic millimeter On the following day, December 31, the platelet count 
was 60,000, and a purpuric eruption had appeared on the anterior surface of the 
chest, the abdomen, both arms and the lower extremities On Feb 20, 1939, 
fifty-two days after the injection of bimarsen, the patient was tested to determine 
her sensitivity to sulfarsphenamine After a preliminary intramuscular injection 
of 3 cc of Lilly’s concentrated liver extract, 0 1 Gm of sulfarsphenamine was 
slowly injected intravenously When the last portion of the solution was enter- 
ing the vein the patient became cyanotic, said that her head felt very peculiar 
and without further warning fell forward, collapsing in her chair Because of 
her obesity she had been allowed to sit in a chair while receiving the injection She 
was stretched ont immediately on the floor, and artificial respiration was employed, 
as her body had become rigid and respirations had ceased One cubic centimeter 
of epinephrine hydrochloride (1 1,000 solution) was administered subcutaneously 
The pulse was feeble but slow Under artificial respiration she began to breathe 
again, and after two or three minutes the rigidity of her body disappeared and 
she became conscious, asking what nad happened A second dose of 1 cc of 
epinephrine hydrochloride (1 1,000 solution) was given Twenty minutes after 
the injection the platelet count was 30,000 per cubic millimeter, and purpuric 
areas from 1 to 3 mm in diameter began to appear on the neck, the upper anterior 
surface of the chest and the arms She began to expectorate blood-tinged mucus, 
and her lungs became filled with coarse, moist rales She was admitted at once 
to the Univeisity of California Hospital and placed in an oxygen tent, as it was 
evident that pulmonary edema had supervened The development of mild broncho- 
pneumonia necessitated a stay of eleven days in the hospital, but she made an 
uneventful recovery 

Case 5 — The patient was a Negress aged 30 On Sept 13, 1938, about three 
and one-half hours after the fifty-foui th intramuscular injection of bismarsen in 
a dose of 0 2 Gm , she began to expectorate blood-tinged saliva No obvious 
leaction to the injection of bismarsen occurred except pain at the site of injection 
She expectorated considerable blood during the night following her treatment, and 
on the next day, September 14, there were many small petechiae on her chest 
and extremities (fig 3) She reported to the syphilis clinic on this date and was 
admitted to the hospital, since by this time bleeding from the gingival margins 
had appeared A few hours after she entered the hospital, the blood pressure 
in millimeters of mercury dropped from 130 systolic and 80 diastolic to 100 
systolic and 60 diastolic At entry, the bleeding time (Duke) was fifteen minutes, 
the blood clot showed no retraction after forty-eight hours At this time the 
platelet count was 30,000 per cubic millimeter (table 8) After entry the patient 
stated that for ten years she had been addicted to the use of morphine Between 
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September 16 and September 19 (the date of discharge from the hospital), she 
received one hypodermic injection of morphine sulfate of 0 01 Gm and thirteen 
hypodermic injections of morphine sulfate of 0 03 Gm each 

A biopsy of the sternal marrow was performed by Dr Stacy R Mcttier on 
September 16 Bleeding from the gums had ceased by September 15 On 
September 17 the patient received an intravenous injection of 10 mg of mapharsen 
By September 19, the platelet count had risen to 300,000 per cubic millimeter, the 
patient felt well and, at her icquest, was discharged from the hospital 

She returned to the hematologic clinic on October 4 and was given an intra- 
venous injection of 15 mg of mapharsen (table 8) On October 18 she received 
01 Gm of neoarsphenamme intravenously (see table 8 for results) While in 
the hospital, she had been tested for sensitivity to mapharsen, and she was tested 
again shoitly after discharge This last injection was to asceitain whether she was 
sensitive to neoarsphenamme There were no untoward subjective symptoms of 



Fig 3 — Closely packed petechiae on the arm twenty-four houis after administra- 
tion of bismarsen 


any kind during or after this injection of neoarsphenamme, but the number of 
platelets decreased lapidly, and four hours after the injection the bleeding tune 
was thirty-five minutes The blood clot showed no retraction after twenty-four 
hours 

Case 6 — After a series of twelve intravenous injections in Chicago in 1929, 
a woman aged 42 could not toleiate further treatment with neoarsphenamme with- 
out onset of nausea, vomiting and malaise The drug injected in 1929 was 
presumably neoarsphenamme, but we have only the patient’s opinion concerning 
its identity During October 1935, after intravenous injection of 20 mg of 
mapharsen, nausea and vomiting occuired Between October 1935 and July 1936, 
she received twenty-six intramuscular injections of bismarsen (0 2 Gm each), 
with no apparent reactions and no hemorrhagic phenomena On April 30, 1937, 
after intravenous injection of 0 2 Gm , she immediately had symptoms of nausea 
and vomiting During May 1937 she received two intramuscular injections, each 
of 0 2 Gm of bismarsen After each injection large ecchymotic areas appeared 




Table 8 — Platelet Counts and Othci Data in Case 5 
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oil the arms and lower extremities On May 25 when this patient presented herself 
for study of the type of reactions she exhibited after treatment with the 
arsphenamines, she was given a test dose of 0 1 Gm of neoarsphenamine intra- 
venously No untoward symptoms followed this injection The platelet count rose 
immediately after the injection (table 9) In twenty-four hours it had returned 
to the level of the count before the injection (100,000 per cubic millimeter) No 
late toxic symptoms appeared, but twenty-four hours after administration of 0 1 
Gm of neoarsphenamine, two ecchymotic areas about 3 cm in diameter appeared 
at the site of the injection into the vein, and over the internal condyle of the 
right knee there was an ecchymotic area 5 by 4 cm Results of the Dalldorf 
capillary fragility test were as follows 

Before injection of neoarsphenamine April 30 


— 25 cm pressure 

— 20 cm pressure 


4 petechiae 
4 petechiae 


Two hours after injection 
— 25 cm pressure 
— 15 cm pressure 


4 petechiae 
3 petechiae 


Twenty-foui hours after injection 

— 30 cm pressure 

— 25 cm piessure 

— 20 cm pressure 
— 15 cm pressure 


6 petechiae 
3 petechiae 
3 petechiae 
no petechiae 


ANALYSIS OF DATA AND COMMENT 

Analysis of Case 1 — The data show that the patient had become 
very sensitive to neoai sphenannne after eleven injections of 0 6 Gm 
each and one of 0 45 Gm Later, when she was given an intravenous 
injection of neoarsphenamine of as small an amount as 0 075 Gm she 
showed an immediate reaction charactenzed by circulatory collapse and 
stasis indicative of shock The lapidity with which the symptoms 
appeared after the injection was begun suggested a toxic action on the 
vasomotoi centers , in fact, it appeared as if the stage had been pre- 
viously set for a reaction to' occui, so prompt was the lesponse In 
contrast to this reaction was the absence of any obseivable leaction 
following intravenous injections of mapharsen, of which the patient 
received some twenty-three while under our observation, the doses vary- 
ing from 20 to 40 mg She also received six intravenous injections of 
tryparsanude, 0 6 Gm each, without reaction , but after the seventh 
injection (of 0 6 Gm ) a reaction occurred m the form of pams in the 
extremities, edema of the lower extremities, nausea and vomiting 
Unfortunately she was not sent to us at this time for study, and we do 
not know whether the platelet count had decreased No purpuric mani- 
festations appeared 

Analysis of Case 2 — Analysis of the patient’s reaction to bismarsen 
shows that it came on within a few hours after the injection and was 
characterized by nausea headache and chills The longer period m 
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the development of his leaction maj hare been due to the fact that this 
diug was adnnnisteied intramuscularly It should be noted that he 
was vei} sensitire to neoarsphenamme also After injection of 0 015 
Gm intiavenously, he exhibited mild but piompt symptoms of shock 
The lesults of the Dalldorf capillary fragility test weie normal befoie 
the injection of neoai sphenamine but paialleled the immediate lapid 
drop in the platelet count and the subsequent rise following the trvent)- 
four hour intei val aftei injection A significant feature m connection 
with these data is the consideiable mciease m the platelet counts follow- 
ing the subcutaneous injection of 1 cc of 1 1,000 epinephrine and the 
hot bath given seven hours after the admimstiation of 0 015 Gm of 
neoarsphenamme It seems appaient that these measures mci eased 
the cnculatoiy tone by contracting the capillaiy bed and lestoied to the 
general cu dilation platelets that weie temporal lly out of circulation 
It seems piobable that in instances ot this type the dilated capillary bed 
allows diffusion of blood into the skin, lesultmg duectly in the small 
hemonhages constituting the puipura haemonhagica The gi eater 
poition of platelets may pass out fiom the aitenal cu dilation into the 
capillanes but aie unable to pi event diffusion of blood from the 
capillanes 

Analysis of Case 3 — The patient in this case rvas the third of this 
senes to exhibit phenomena of shock following admimstiation of a test 
dose of neoarsphenamme She rvas a “caidiac invalid” and therefoie 
was not a fit subject for reproducing neoai sphenamine leactions For 
this reason oui experimental proceduies with hei weie limited She 
did not show any reaction to 20 mg of maphaisen given intiavenously 
Aftei the test dose of neoarsphenamme (0 1 Gm ) the platelet count 
dropped rapidly, but one hour aftei the injection the platelet count began 
to use, and two hours after the injection the count was 190,000 per 
cubic millimeter (more than double the numbei of platelets fifteen min- 
utes aftei the injection) This rvas the only tune rve hare noted a rise 
of platelets following leaction fiom an aisenical once the count had 
begun to fall, except as has been noted (when epinephrine had been 
adnnnisteied or other proceduies used) 

Analysis of Case 4 — Trvo interesting and important features desene 
special mention m the analysis of our data on case 4 The patient rvas 
very sensitive to bismaisen, having received some twent}-nme injections 
before rve began oui studies She did not appear to be sensitive to 
neoarsphenamme Hei history indicated that she had leceived only 
one previous dose (0 45 Gm given intiavenously), after which there 
had been no reaction We gave hei two mtrar enous injections of neo- 
arsphenamme of 0 1 Gm each Theie rvas no reaction and no significant 
drop in the platelet count The absence of a reaction and of any 
untoward svmptoms following administration of neoarsphenamme might 
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be ascribed to the protective action of her pievious intramuscular injec- 
tions of livei extract If this weie tiue, we should expect some degree 
of similar protection against the toxic systemic effects of bismarsen 
and sulfarsphenamme Her reactions to these two substances were 
strong evidence against any protective value of parenterally adminis- 
tered liver extract m ameliorating the toxic effects of the arsphenammes 
In respect to the platelet counts after injection of sulfarsphenamme, 
table 5 B shows that no rise occurred after two subcutaneous injections 
of 1 cc of epinephrine hydiochloride (1 1,000 solution), such as we 
noted in case 2 An explanation that seems quite probable is that the 
patient’s tissues were unable to absorb the epinephrine owing to extreme 
shock, with the accompanying feeble circulation and capillary stasis 
Analysis of Case 5 — In the data on case 5, it is important to note 
that this patient had received some fifty-three injections of bismarsen 
(0 2 Gm each) befoie purpura followed its use When she did finally 
become sensitized to bismaisen, she failed to have the severe constitu- 
tional symptoms usually seen The same facts apply to her sensitivity 
to neoarsphenamme We believe she had systemic reactions as well as 
thrombopenic purpuia but the leaction was probably modified by her 
addiction to a drug (moiphme) The fall of blood pressure occurring 
the first two houis after hospitalization accompanied by a platelet count 
of 30,000 per cubic milhmetei suggests a constitutional reaction 

A sternal biopsy (button type) was performed while the patient was 
m the hospital at the time that hei platelet counts weie from 70,000 
to 90,000 per cubic millimeter A few megakai\ocytes were observed 
on the film, but in a diffeiential cell count of 500 cells none were found 
Both the erythroid and the myeloid elements of the marrow apparently 
had been stimulated We do not ha-\e any explanation foi this finding, 
but one of us (EH F ) has obseived the same type of appaient mar- 
row stimulation associated with thiombopemc puipuia following inges- 
tion of sedoimid (all}hsopiopylacetylcarbamide) 

Analysis of Case 6 — Our mam reason for including the data on the 
patient m this case was to call attention to the fact that after admin- 
istration of the arsemcals hemouhagic phenomena may occur which 
are quite distinct from thrombopenic purpura and are due to a different 
mechanism fiom that of thiombopemc purpuia For example, this 
patient exhibited a toxic reaction to neoarsphenamme, bismarsen and 
mapharsen, but when the dose of neoarsphenamme was cut down to 
01 Gm (given mtiavenously) she showed no constitutional reaction, 
yet hemorrhages into the tissues, evidenced by laige ecchymotic areas, 
took place When we first examined the patient, her platelet count 
was below normal , however after administration of 0 1 Gm of neoars- 
phenamme, the count was not depressed further but rose and did not 
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return to the original level for twenty-four hours (table 7) No pete- 
chial lesions were noted during the experiment The results of the 
Dalldorf capillary fragility test showed decreased capillary fragility, 
indicating that were one to consider increased capillary permeabilit) 
and fragility responsible for the areas of ecchymosis, the toxic action 
of the arsphenammes on her capillanes must have been local instead of 
general, for the capillaries other than those m the aiea of hemorrhage 
appeared to be normally resistant This type of hemorihagic reaction 
to the aisphenammes obviously requires furthei study 

SUMMARY 

Data are presented on 5 patients who had puipuia haemorrhagica 
iollowmg treatment with aisphenannne derivatives In 2 the condition 
followed admimstiation of neoarsphenamme , in 3 it occurred after 
bismarsen was given A sixth case is described in which hemorrhagic 
phenomena occuned after therapy with bismaisen and neoarsphenamme, 
without marked decrease of platelets and wnthout purpuric lesions 

Each of the 5 patients who exhibited purpuia haemorrhagica after 
admimstiation of the arsphenammes was tested foi sensitivity to 
mapharsen In no instance was there any constitutional reaction, nor 
were any untoward symptoms obseived In none of these 5 patients 
did the intravenous injection of mapharsen cause marked depression 
of the platelet count, petechiae of the skin oi other evidences of capillaiy 
hemorrhage 

Our observations and studies m cases 1 to 5, made aftei test doses 
of the arsphenammes to which these patients were sensitive, showed 
that varying degrees of shock occui red, suggesting that the reaction w r as 
an allergic phenomenon rather than due to the toxic effects of oxidation 
oi to a changed chemical form of the diug injected The prompt loss 
of circulatoiy tone accompanying the reaction appeals to be a vasomotor 
effect, with loss of capillary tonus, dilatation of the capillary bed and a 
lapid loss of platelets from the geneial cn culation It is difficult to 
believe that such enoimous numbers of platelets could be destroyed 
within fifteen minutes after the drug is injected The fact that a great 
number of platelets can be leturned promptly into the general circulation 
b) injection of 1 cc of epinephrine hydiochlonde (1 1,000 solution), 
and the lapid use of the platelet count within twenty-four to forty-eight 
hours after the reaction are evidence against the assumption of wide- 
spread destiuction of the platelets 

The blood cells other than the platelets showed little if any change 
dunng these experiments Theie appeared to be a tendency to an 
increase of the polymorphonuclear cells following a reaction, particularly 
a seveie leaction This may well be a phenomenon similar to the 
leukocytosis associated with piotein shock 



DEGENERATIVE LESIONS IN THE CERVICAL 
PORTION OF THE SPINE 

THOMAS HORWITZ, MD 

PHILADELPHIA 

The current concept that the hypeitiophic vanety of spondylitis 
(spondylitis osteoarthritica) is not an arthntis but a spondylosis arising' 
as a reaction to changes primal y m the intervertebral disks is based on 
the views promulgated by Schmoil and his followers 1 The intervei- 
tebral disks, through the effect of age and of continuous functional 
stress, pass through stages of fibi illation, deliydi ation, Assuring and 
“brown degeneration ” Defects m the cartilage plates, which may be 
congenital, tiaumatic 01 infectious in ongin, permit extrusion of disk 
matenal into the veitebial bodies and penetration of vessels from the 
spongiosa into the normally avascular intervertebral disks, which may 
become calcified or ossified The thinning of the disks and the loss of 
their normal buffet effect are attended by sclerosis of the adjacent ver- 
tebial bordeis and bj marginal proliferation which may pioceed to bony 
ankylosis This progressive series of events has been duplicated experi- 
mentally 2 

The lowei pait of the cervical and the lumbar legion of the spine 
demonstrate these degeneiative changes most fiequently, probably 
because of the greater susceptibility of these regions to functional trauma 
The attention of most pathologists, clinicians and roentgenologists who 
have written on this subject has been focused on the lumbar region, 
especially m its relation to pain low in the back and to the sciatic 
syndiome Degeneration of the posterior pait of the intervertebral disk 
and increased lordosis of the lumbar portion of the spine have been 
stressed as factois in the narrowing of the intervertebial foramens asso- 
ciated with direct impingement on the spinal nerves, while the contact 
of the facet margins against the pedicle above, or the lamina below, 
after “subluxation” at the zygapophysial joint, has been suggested as 

From the Daniel Baugh Institute of Anatomy, Jefferson Medical College 

1 (a) Schmorl, G, and Junghanns, H Die gesunde und kranke Wirbel- 

saule lm Roentgenbild, Leipzig, George Thieme, 1932 ( b ) Junghanns, H Die 

Pathologie der W irbelsaule, in Henke, F , and Lubarsch, O Handbuch der 
speziellen pathologischen Anatomie und Histologie, Berlin, Julius Springer, 1939, 
vol 9, pp 216-429 

2 Keyes, D C, and Compere, E L The Normal and Pathological Physi- 
ology of the Nucleus Pulposus of the Intervertebral Disc An Anatomical, Clinical 
and Experimental Study, J Bone & Joint Surg 14 897, 1932 
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another factor m the causation of pam in the back The extensive 
liteiatuie on these various lesions in the lumbar region has been lecently 
reviewed by Saundeis and Inman, 3 and by me 4 aftei an anatomic and 
roentgenologic study of the lumbar poition of 100 adult human spines 

It is my purpose in this communication to analyze the degeneiative 
changes m the cervical portion of the spines of 50 adult human cadavers 
Featuies of “discogenetic disease” which occur m the cervical region are 
less well described than those occurring elsewheie m the spine A few 
authois, 5 m lecordmg clinical and roentgenologic observations, have 
stiessed the association of segmental neuritis (as evidenced by pam m 
the shoulder, aim and piecordial regions and by weakness and muscular 
atrophy) with thinning of the intervertebral spaces, subluxation of the 
aiticulai facets, nan owing of the mtervertebial foramens and formation 
of exostoses on the antenor and lateral borders of the veitebial bodies of 
the cervical pait of the spine 

PATHOLOGIC AND ANATOMIC ANALYSIS OF THE CERVICAL PORTION 
OF THE SPINES OF FITTY ADULT HUMAN CADAVERS 

The entile ceivical and the upper pait of the thoracic region of the 
spine weie lemoved fiom 50 male cadaveis whose ages vaned from 45 
to 80 yeais, with an aveiage of 56 years These were studied grossly 
after the lemoval of all paiaveitebial soft tissues and then were sec- 
tioned in the midsagittal plane 

Changes in the intei vertebral disk weie noted m 38, oi 76 per cent, 
of the specimens and most fiequently involved the lower cervical seg- 
ments (between the third and the fourth cervical in 8, the fourth and 
the fifth cervical in 28, the fifth and the sixth ceivical in 38, the sixth 
and the seventh cervical in 18 and between the seventh cervical and 
the first thoracic in 6) These changes consisted of varying stages of 
fibrillation, fissunng, biown degeneration, narrowing and ossification, 
and were associated with pioportionate stages both of sclerosis of the 
adjacent veitebral spongiosa and of marginal bony prohfeiation Such 

3 Saunders, J , and Inman, V T The Intervertebral Disc Collective 
Review, Surg , Gynec & Obst 69 14, 1939 

4 (a) Horwitz, T , and Smith, R M An Anatomical, Pathological and 

Roentgenological Study of the Intervertebral Joints of the Lumbar Spine and of 
the Sacroiliac Joints, Am J Roentgenol 43 173-186 (Feb ) 1940 ( b ) Horwitz, 

T Lesions of the Intervertebral Disk and Ligamentum Flavum of the Lumbar 
Vertebrae Anatomic Study of Seventy-Five Human Cadavers, Surgery 6 410, 
1939 

5 (a) Turner, E L , and Oppenheimer, A A Common Lesion of the Cer- 
vical Spine Responsible for Segmental Neuritis, Ann Int Med 10 427, 1936 ( b ) 

Oppenheimer, A , and Turner, E L Discogenetic Disease of the Cervical Spine 
with Segmental Neuritis, Am J Roentgenol 37 484, 1937 
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exostosis formation, present in 35, 01 70 per cent, of the specimens, was 
most advanced m the anterolateral portion of the vertebral body and 
involved especially the lower cervical vertebrae (third cervical m 4, 
fourth cervical m 14, fifth cervical in 28, sixth cervical m 35, seventh 
cervical m 35 and first thoracic m 10) Protrusion of intervertebral 
disk material into the spongiosa of the adjacent vertebral bodies was 
noted only once (between the fifth and the sixth cervical vertebra) 



Fig 1 — Degenerative changes involving the intervertebral disks A, degenera- 
tion in the disks between the fifth and the sixth, the sixth and the seventh 
cervical and the seventh cervical and the first thoracic vertebra, associated with 
narrowing, fibrillation and “brown degeneration ” The disk between the sixth 
and the seventh cervical vertebra is ossified anteriorly and associated with com- 
pression of the seventh cervical body B, similar changes m the disks between 
the fourth and the fifth, the fifth and the sixth and the sixth and the seventh 
cervical vertebra There is Assuring of the disk between the fifth and the sixth 
cervical segment, associated with anterior and posterior marginal proliferation 

Ossification of the intervertebral disk accompanied by fusion of the 
adjacent vertebral bodies was observed in three instances (once each 
between the fifth and the sixth cervical, the sixth and the seventh cei- 
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vical and the seventh ceivical and the first thoiacic vertebra) (figs 1 
through 5) 

Narrowing of the entue intei veitebial disk was associated with 
loss of the normal anterior curvature of the ceivical spine and with 
widening of the intei vertebral foramens Loss of the posterior portion 
of the disk was associated with exaggeiated ceivical lordosis and with 
nw lowing of the intervertebral foramens Experimentally, the appioxi- 



Fig 2 — Degenerative changes involving the intervertebral disks of all the 
cervical vertebrae ( A and B ) The changes are most marked between the fifth 
and the sixth and between the sixth and the seventh cervical segment and are 
associated with anterior and posterior lipping of the upper and the lower margin of 
the vertebral bodies The posterior osteophytes and intervertebral disks protrude 
into the spinal canal and encroach on the lumens of the respective intervertebral 
foramens 

mation of two noimal adjacent vertebrae, after temoval of the entire 
intervening disk, is followed by widening of the intervertebral foramens 
and not by narrowing Diminution of the lumen of an intervertebral 
foramen was more frequently due to encroachment on its anterior sur- 
face by posterior lipping of the adjacent vertebral bodies, and to 
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encroachment on its posterior surface by maiginal prohfeiation of the 
articulai facets covered by ligamentum flavum of normal thickness 
Such changes were evident in 20, or 40 per cent, of the specimens 
(between the thud and the fourth cervical vertebra m 4, the fourth and 
the fifth ceivical m 20, the fifth and the sixth cervical in 20, the sixth 
and the seventh ceivical m 16, and the seventh cervical and the fiist 
thoracic m 4) (figs 2, 4 and 5) "Posterior displacement” of one ver- 
tebia on anothei was seen once, the posterior margin of the body of 



Fig 3 — A, advanced degeneration of all the intervertebral disks, with approxi- 
mation of the vertebral bodies and loss of the normal anterior curvature of the 
cervical spine B, narrowing of the disk between the fourth and the fifth cervical 
segment, associated with inch (0 32 cm ) “posterior displacement” of the body 
of the fourth cervical on the fifth No congenital defects are present 

the fourth cervical vertebia lying Ys inch (0 32 cm) posterior to the 
con espondmg margin of the fifth cervical vertebra There was no 
associated congenital defect, but there were narrowing and advanced 
degeneration of the intervening disk (fig 3) No instance of anterior 
spondylolisthesis was observed There were no secondary (accessory) 
epiphyses of the articular or spmous processes of any of the cervical 
vei tebrae 
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ROENTGENOGRAPI-IIC OBSERVATIONS ON THE CERVICAL PORTION OF 
THE SPINES OF TWENTY-FIVE ADULT HUMAN CADAVERS 

Roentgenograms of the ceivical and doisal poitions ot the spines of 
25 cadaveis weie made in the anteioposteiior, lateral and right and left 
oblique (45 degrees) planes Conclusions as to the lelative ment of 
roentgenography m the diagnosis of degeneiative lesions m the cervical 



Fig 4 — A and B, degenerative changes (narrowing, fibrillation, Assuring and 
“brown degeneration”) involving all of the cervical intervertebral disks, and 
most advanced between the fifth and the sixth and between the sixth and the 
seventh cervical body, where there is associated anterior and posterior lipping 
These posterior bony and disk protrusions are visibly narrowing the lumens of 
the respective intervertebral foramens The anterior protrusions of the ligamentum 
flavum due to underlying marginal proliferation of the articular facets, are well 
visualized 

part of the spine were identical with those repoited after a similar study 
of the lumbar portion of the spines of 25 human adults 4a 

Anatomic and roentgenographic observations were specifically made 
of the articular processes and zygapophysial joints in the cervical part of 
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the spme In a previous communication la I concluded that the loent- 
genograms of the lumbar region of the spme taken m the 45 degree 
oblique plane, as advocated by a number of authois for the visuali- 
zation of the articulai facets and zygapophysial joints, must be evaluated 
with caution The frequency in the lumbar vertebrae of curvatuie of 



Fig 5 — A, degenerated intervertebral disks between the fifth and the sixth 
and between the sixth and the seventh cervical vertebra These disks and posterior 
osteophytes at the adjacent vertebral margins bulge posteriorly and encroach on 
the respective foramens Anterior bulge of the ligamentum flavum due to marginal 
proliferation of the underlying articular facets diminishes the lumen of the 
intervertebral foramen between the seventh cervical and the first thoracic vertebra 
The articular facets between the first and the second thoracic vertebra have been 
denuded to demonstrate the relation of these vertebrae to the foramen B, marked 
osteoporosis of the vertebrae, associated with advanced degenerative changes in 
the cervical intervertebral disks There is compression of the bodies of the 
sixth and the seventh cervical vertebra The anterior portion of the disk between 
the fifth and the sixth cervical segment extends into the adjacent spongiosa above 
and below, while that between the sixth and the seventh cervical vertebra is 
ossified anteriorly The intervertebral disks in the thoracic region, although 
degenerated, are expanded at the expense of the height of the adjacent osteoporotic 
vertebral bodies 






Fig 6 — Superior facets of a number of third cervical (top row), fourth 
cervical (middle row) and fifth cervical (bottom row) vertebrae 



Fig 7 — Superior articular facets of a number of sixth cervical (top row), 
seventh cervical (middle row) and first thoracic (bottom row) vertebrae All the 
facets in figures 6 and 7 face cephalad (differing to varying degrees m the 
unmacerated specimens because of the normal anterior curvature of the cervical 
spine) The superior facets of all the cervical vertebrae are facing dorsal ward 
In the first thoracic segments, the first and second specimens from the left and 
the last one on the right face outward and dorsalward (thoracic type) Degen- 
erative changes in the articular cartilage and marginal bony proliferation of the 
facets are most marked in the lower cervical and the first thoracic vertebrae 
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the aiticular facet suiface and of vanation of the zygapophysial joint 
angle from the normal size of 45 degrees from the sagittal plane, makes 
impossible the penetration of the roentgen rays m a plane parallel to the 
joint space Thus a summation of shadows is created on the loentgeno- 
gram which may falsely be interpreted as indicative of pathologic 
alteiation when no such change is present 

These anatomic variations do not occur m the cervical legion The 
facet surfaces are always flat, and while the articular surfaces face at a 
variable degree cephalad (superior facet) and caudad (mfeiior lacet), 
they invariably aie duected dorsalward (supenor facet) and ventral- 
ward (mferioi facet) (figs 6 and 7) In the making of a roentgeno- 
gram of a direct lateral view of the ceivical poition of the spine, the 
roentgen rays theiefore penetrate parallel to the articular surfaces 
Nan owing, clouding and obliteration of the joint space, inegularity of 
the aiticular margins, sclerosis of the adjacent bones and marginal pro- 
liferation of the facets are indicative of pathologic changes Such roent- 
genographic findings were most frequently noted in the lower part of the 
cervical region of the spine and were usually associated with degenerative 
changes m the intervertebral disks and vertebrae 

Since the facets between the atlas and the epistropheus converge so 
that the inferior facets of the first cervical vei tebrae face downwai d and 
medialward, they ai e best visualized on the anteropostei lor view through 
the open mouth The facets between the seventh cervical and the first 
thoracic vertebra aie in a tiansitional zone and may be of either the 
cervical type or the thoracic type (articular surfaces 20 degiees anterior 
to the coronal plane), and therefoie the i oentgenograms must be made 
in both planes (fig 7) Roentgenograms of the 45 degree oblique views 
of the cervical portion of the spine visualize best the size and shape of 
the intervertebral foramens 

COMMENT 

Diffei ential Diagnosis of Pam in the Neck , Should ei and Upper 
E,\ ti entity — Oppenheimer and Turner 5 ascribed ceitam cases of seg- 
mental neuritis m elderly persons to the thinning of one oi more inter- 
vertebral spaces of the cervical portion of the spine accompanied by 
consequent unilateral or bilateral narrowing of the corresponding inter- 
vertebral foramens and by compression of nerve loots Discogenetic 
disease in the cervical part of the spine may therefore be associated with 
discomfort, muscular weakness and atrophy m the upper extiemities, 
shoulder girdle, neck and precordium Constriction of the intervertebral 
foramen may be consequent on inflammatory and degenerative changes 
in the zygapophysial joints, even with the intervertebral disks umnvolved 
This concept parallels the association, suggested by many authors, 
between degenerative lesions in the lumbar portion of the spine and 
backache with pam referred to the lower extremities 
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The relation of ceivical osteoaithntis to loot pain and ladiculai 
sensory alterations and the impoitance of diff ei entiatmg this syndiome 
fiom visceial diseases which it may simulate weie previously stressed 
by Gunthei and Ken c Nathan/ aftei the expenmental production of 
nonsuppui alive aithntis m animals, concluded that pain m spondylitis 
may be lefeued fiom neive loots which are compressed as they leave their 
bony outlets eithei by inflamed ligaments and capsules or by adhesions, 
m the infectious \aiiety of spondylitis, and by piessure of osteophytes 
and of thickened soft tissues in the hypertiophic variety Gunther and 
Sampson/ Nachlas 9 and Hanflig 10 noted that left-sided segmental 
neuntis due to cervical aithntis may simulate caidiac disease because 
of pam lefeued to the precoidium, the left shouldei and the left upper 
extiennty Bailey and Casamajor , 11 Paiker and Adson 12 and Morton 13 
lepoited that soft tissue and bon}' ovei growth in ceivical osteoaithntis 
ma) encroach on the spinal canal and simulate other extiamedullary 
lesions of the spinal coid 

The simptoms and signs of segmental neuritis m hypei trophic 
aithntis of the ceivical poition of the spine aie not unlike those of a 
number of othei pathologic conditions, viz , the cervical lib syndrome, 
biachialgia associated with a low position of the shouldei girdle, the 
scalenus anticus syndrome, biachial plexus neuritis, lesions of the shoul- 
dei joint (arthritis, bursitis, lesions of the supi aspmatus tendon) and 
fractuie of the clavicle or the first lib Nathanson 11 indicated that 

6 Gunther, L , and Kerr W J The Radicular Syndrome m Hypertrophic 
Osteo-Arthritis of the Spine An Analysis of Thirty Cases, Arch Int Med 43 
212 (Feb) 1929 

7 Nathan, P W The Neurological Condition Associated with Polyarthritis 
and Spondylitis, Am J M Sc 152 667, 1916 

8 Gunther, L , and Sampson, J J The Radicular Syndrome in Hypertrophic 
Osteoarthritis of the Spine Root Pam and Its Differentiation from Heart Pain, 
J A M A 93 514 (Aug 17) 1929 

9 Nachlas, I W Pseudo-Angina Pectoris Originating in the Cervical 
Spine, JAMA 103 323 (Aug 4) 1934 

10 Hanflig, S S Pam in the Shoulder Girdle, Arm and Precordium Due 
to Cervical Arthritis, JAMA 106 523 (Feb 15) 1936 

11 Bailey, P , and Casamajor, L Osteoarthritis of the Spine as a Cause of 
Compression of the Spinal Cord and Its Roots, with Report of Five Cases, J Nerv 
& Ment Dis 38 588, 1911 

12 Parker, H L , and Adson, A W Compression of the Spinal Cord and 
Its Roots by Hypertrophic Osteoarthritis Diagnosis and Treatment, Surg , Gynec 
& Obst 41 1, 1925 

13 Morton, S A Localized Hypertrophic Changes in the Cervical Spine with 
Compression of the Spinal Cord or of Its Roots, J Bone & Joint Surg 18 893, 1936 

14 Nathanson, L Pulmonary Apical Tumefaction Simulating Bursitis Neces- 
sity for Routine Chest Examination in Patients with Shoulder Pain, Quart Bull , 
Sea View Hosp 4 326, 1939 
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tumors at the apex of the chest, 15 because of identical symptoms, may 
mask themselves by the incidental presence of lesions m the cervical 
portion of the spine or in the shoulder region 

The scalenus anticus syndrome, descnbed by Ochsner, Gage and 
DeBakey, 16 who attributed its original concept and successful treatment 
by scalenotomy to Naffziger, 17 is characterized by the clinical picture of 
cervical rib in the absence of such a supernumerary rib, and is due to 
spasm and hypertrophy of the scalenus anticus muscle, which serves 
to compress the lower trunks of the brachial plexus and the subclavian 
artery against the first rib While this condition may be primary, it is 
often secondary, according to Freiberg 18 and Bishop 19 Cervical arthritis 
and lesions of the shoulder girdle may aggravate and perpetuate their 
symptoms and signs by initiating spasm of the scalenus anticus, and 
this cycle may or may not be broken by the successful therapy of the 
underlying lesion 

Peripheral Vascular Phenomena Associated with Spondylitis — 
Because of the known relief of articular symptoms m chronic infectious 
arthritis after treatment with general and local measures to induce 
peripheral vasodilatation, Rowntree and Adson 20 recommended sympa- 
thetic ganglionectomy for those types associated with abnormal altera- 
tions of penphei al vascular tonus Craig and Kernohan 21 failed to 
observe any significant histologic changes in the sympathetic ganglions 
removed in 46 such cases, these authois suggested that the ganglions act 
merely as relay stations for impulses from higher centeis 

15 Ray, B S Tumors at the Apex of the Chest, Surg , Gvnec & Obst 67 577, 
1938 

16 Ochsner, A , Gage, M, and DeBakey, M Scalenus Anticus (Naffziger) 
Syndrome, Am J Surg 28 669, 1935 

17 Naffziger, H C Neuritis of the Brachial Plexus Mechanical in Origin, 
Surg , Gynec & Obst 67 722, 1938 

18 Freiberg, J A The Scalenus Anterior Muscle in Relation to Shoulder and 
Arm Pain, J Bone & Joint Surg 20 860, 1938 

19 Bishop, W A Calcification of the Supraspinatus Tendon Cause, Patho- 
logic Picture and Relation to the Scalenus Anticus Syndrome, Arch Surg 39 231 
(Aug) 1939 

20 Rowntree, L G , and Adson, A W Bilateral Lumbar Sympathetic Gan- 
ghonectomy and Ramisectomy for Polyarthritis of the Lower Extremities, JAMA 
88 694 (March 5) 1927, Polyarthritis Further Studies on the Effects of Sympa- 
thetic Ganglionectomy and Ramisectomy, ibid 93 179 (July 20) 1929, Bilateral 
Lumbar and Thoracic Sympathetic Ganglionectomy and Ramisectomy for Poly- 
arthritis of the Lower and the Upper Extremities, Tr A Am Physicians 44 221, 
1929, The Surgical Indications for Sympathetic Ganglionectomy and Trunk Resec- 
tion in the Treatment of Chronic Arthritis, Surg , Gynec & Obst 50 204, 1930 

21 Craig, W M , and Kernohan, J W The Surgical Removal and Histologic 
Studies of Sympathetic Ganglia in Raynaud’s Disease, Thrombo-Angiitis Obliterans, 
Chronic Infectious Arthritis and Scleroderma, Surg, Gynec & Obst 56 767, 1933 
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Stewart, 22 while pel forming a lumbar sympathectomy to leheve inter- 
mittent claudication and paiesthesias in the lower extremities of a 61 
year old man, observed the trunk involved m a mass of tissue sur- 
rounding the hypertrophic process between the fourth and the fifth 
lumbar vertebra, and he noted improvement, after extirpation of the 
left lumbar sympathetic trunk, in the peripheral circulation of the lpsi- 
lateral lower extiemity 

Lipshutz and Naide 23 called attention to the writings of Hesse, 
Zaiceva and Vinogradov, 21 who noted the calorimetric changes m the 
skm of the lower extremity resulting fiom irritation or pressure on 
the lumbar portion of the ganglionated sympathetic cord and its com- 
municating rami Any lesion which presses on or irritates the lumbar 
portion of the ganglionated cord may effect change in the temperature 
of the lowei extremity on the side on which the lesion occurs Irritation 
by moderate pressure may produce peripheral vasoconstriction, but 
when the ganglions become destroyed and impulses are interrupted, 
peripheral vasoconstriction is followed by peripheral vasodilatation 
Lipshutz and Naide illustrated such penpheral vascular changes resulting 
from pressuie on the lumbar sympathetic cord m 3 cases, one with a 
carcinoma of the transverse colon involving the posterior portion of the 
parietal wall, another with a mass of letropentoneal lymph nodes and 
a third with an enormously thickened terminal ileum due to chronic 
mflammatoiy disease 

I noted that in the lumbar portion of the spines of a number of adult 
cadavers in which advanced marginal osteophytes involved the antero- 
lateral portion of the vertebial bodies, the lumbar sympathetic gangli- 
onated cord was frequently involved m these soft tissue and bony 
masses, and that frequently a segment of the sympathetic trunk was 
matkedly stretched over an enlarged osteophyte May this relation 
explain, m the light of the clinical observations of Lipshutz and Naide, 
the peripheral vascular phenomena occasionally noted m the lower 
extremities of patients with the atrophic and hypertrophic varieties of 
spondylitis, as well as the relief of peripheral vascular symptoms after 
sympathectomy in properly selected cases' 5 

22 Stewart, S F Relation of the Sympathetic Nervous System to Hyper- 
trophic Arthritis, J Bone & Joint Surg 13 848, 1931 

23 Lipshutz, B , and Naide, M Clinical Significance of Calorimetric Changes 
in the Lower Extremity, Arch Surg 38 412 (March) 1939 

24 Hesse, E Em neues calorimetrisches, durch Druck auf den Sympathicus 
hervorgerufenes Symptom retroperitonealer raumbeschrankender Erkrankungen, 
Klin Wchnschr 8 1360, 1929 Zaiceva, A Ueber das Hesse'sche Symptom bei 
Retroperitonealtumoren, Zentralbl f Chir 59 2685, 1932 Vinogradov, I P Das 
calorimetrische Symptom Hesses bei Geschwulsten und anderen raumbeschrankenden 
Erkrankungen lm Retroperitonealraum, Deutsche Ztschr f Chir 246 634, 1936, 
cited by Lipshutz and Naide 23 
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I also observed the pi oxirmty of the stellate and the second 
thoiacic sympathetic ganglions to the costovertebral articulations of the 
first and the second rib respective!}, the ganglions overlying the ante- 
rior surfaces of the joints m intimate contact with the joint capsule 
May this anatomic relationship explain the peripheral vascular phe- 
nomena in the upper extiemities occasionally encountered in patients 
with infectious spondylitis involving the cervicothoi acic portion of the 
spine, and m some patients with hypertrophic aithntis affecting the 
same region ? Prolifeiative and degeneiative changes m the costover- 
tebral joints were associated with comparable lesions in the cervical and 
thoracic portions of the spine m a number of my specimens, and although 
such changes were conspicuous in the joint between the rib and the 
veitebral body (costocentral articulation), they weie infrequently found 
m the articulation between the tubercle of the rib and the transveise 
process (costotransverse articulation) In some of the specimens the 
stellate and the second thoracic ganglions were visibly impinged on by 
extensive marginal bony proliferation and thickening of soft tissue 
involving the related costovertebral articulations 

Since lesions m the cervical part of the spine may at times initiate 
spasm of the scalenus an ticus muscle, 18 the associated vascular phe- 
nomena m the upper extremities in these cases may be due m part or 
entirely to stimulation of the sympathetic nerves which enter the arm via 
the lowest trunk of the brachial plexus (Todd 25 ) The observation by 
Telford and Stopford 20 of a separate ramus of unmyelinated sympa- 
thetic fibers m the mfeuor part of the lowest plexus trunk overlying 
the first nb has not been confirmed by Dr Andrew J Ramsay and me 
after a similar study of the lower part of the trunk of 12 brachial 
plexuses The unmyelinated sympathetic fibers were diffused uniformly 
throughout the nerve trunk The anomaly in the lowei extremity com- 
parable to the scalenus anticus syndrome is spasm of the piriformis 
muscle associated with the sciatic syndrome That such spasm of the 
piriformis muscle may be incidental to the lesions of the lumbar spme, 
the lumbosacral area and the sacroiliac joints has been suggested by 
Freiberg 27 

SUMMARY 

The occurrence of degenerative lesions of the intervertebral disks and 
vertebrae in the cervical portion of the spine follows a progressive 
sequence of events These changes are identical with those occurring 

25 Todd, T W The Arterial Lesion in Cases of Cervical Rib, J Anat & 
Physiol 47 250, 1912-1913 

26 Telford, E D , and Stopford, J S B The Vascular Complications of 
Cervical Rib, Brit J Surg 18 557, 1931 

27 Freiberg, A H Sciatic Pain and Its Relief by Operations on Muscle and 
Fascia, Arch Surg 34 337 (Feb ) 1937 
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in the thoracic and the lumbar poition of the vertebral column and are 
found most fiequently in the lower segments of the cervical part of the 
spine The concept of segmental neuritis, consequent on mechanical or 
inflammatory irritation of the nerve roots, as a cause of symptoms and 
signs referable to the neck, shoulder and upper extremity, parallels the 
relation which has been suggested between similar degenerative lesions 
of the lumbar portion of the spine and the “low back” syndrome lefer- 
able to the lower extremities 

The roentgenograms of the cervical poition of the spine made m the 
lateral and the 45 degree oblique plane may be relied on to visualize 
accurately pathologic changes involving the articular processes, zygapo- 
physial joints and intervertebral foramens, because few anatomic vana- 
tions occui m this region 

The diagnosis of segmental neuritis incidental to “discogenetic dis- 
ease” of the cervical part of the spine requires a cautious exclusion of a 
number of other pathologic conditions in the neck, shoulder region and 
apex of the chest The intei relation of several of these conditions in the 
same peison may enhance the difficulty of differential diagnosis 

Peripheral vascular phenomena are not infrequently evident m 
patients vuth the hypertiophic variety of spondylitis The suggestion, 
based on certain observations on the human cadaver, is made that these 
alteiations m vascular tonus may be due to direct mechanical or inflam- 
matory irritation of the sympathetic ganghonated cord Peripheral vaso- 
motor changes in those cases m which there is complicating spasm of the 
scalenus anticus or of the piriformis muscle may be due in part or 
entirely to direct nutation of the sympathetic nerves within the nerve 
trunks which are compressed 



GLOMERULAR NEPHRITIS FOLLOWING INFECTIONS 

OF THE SKIN 


PALMER HOWARD FUTCHER, MD 

NEW YORK 

While it is generally accepted that acute infection caused by strep- 
tococci precedes acute glomerular nephritis m the majority of cases, the 
exact course of events linking the infection with the renal disturbance 
is far from clear Nor is it known whether once the nephritis has mani- 
fested itself, chronic infection remains an important agent in prolonging 
the disease Authorities differ m the relative emphasis they place on the 
role of infection m this respect Among protagonists of the etiologic 
importance of foci of infection is Kollert , 1 who distinguished two types 
of infection One is the "primary focus,” a chronic, often long-standing 
obscure process, situated perhaps in a paranasal sinus, which renders 
the subject peculiarly reactive to the machinations of subsequent acute 
invasion by the same organism In the latter, “ precipitating infection,” 
the second of the two types, Kollert saw a trigger mechanism which sets 
off the initial attack of nephritis, the stage having already been set by 
the “primary focus ” Kollert asserted that, in order to abort the nephritis, 
it is mandatory not only to remove any residue of the acute precipitat- 
ing infection, but also to find and exterminate the less obtrusive “primary 
focus,” which is only rarely identical with the precipitating process He 
stated the belief that usually the persistence of the urinary abnormalities 
is evidence that there is still m the body some remnant of infection 
Longcope 2 has also suggested that the progression of nephritis to a 
subacute or chronic stage may be accompanied by persistence or exacerba- 
tions of the infection 

There is no general agreement, however, that the persistence of 
infection is the explanation for the evolution of chronic nephritis, since 
the removal of all ascertainable foci may not change an unfavorable 

From the Department of Medicine, Johns Hopkins University School of 
Medicine and Johns Hopkins Hospital, Baltimore 

1 Kollert, V Grundlagen der atiologischen Behandlung der Nierenent- 
zundung, Leipzig, Franz Deuticke, 1929, cited by Volhard, F Zentralbl f inn 
Med 51 301-308 (April) 1930 

2 (a) Longcope, W T Some Observations on the Course and Outcome 

of Hemorrhagic Nephritis, Internat Clin 1 1-16 (March) 1938 ( b ) Longcope, 

W T , O’Brien, D P , McGuire, J , Hansen, O C , and Denny, E R Rela- 
tionship of Acute Infections to Glomerular Nephritis, J Clm Investigation 5 7-30 
(Dec) 1927 
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course , this has been pointed out by Wmkenwerder and his confreres 3 
at the Johns Hopkins Hospital In reviewing Kollert’s monograph, 
Volhard , 4 who himself subscribed to a theory of the relationship of acute 
nephritis to infection quite similar to that of Kollert, stated his approval 
of that author’s zeal m eradicating foci of infection m the early stages of 
nephritis, but he was dubious as to the efficacy of such procedures m 
the chronic stage Addis , 5 while also acknowledging an important initial 
role of the acute infection, has been a proponent of the self-styled “gloomy 
hypothesis” that “the continuance over years and decades of a slow dis- 
mtegiation of the architecture of the kidney might be a result of the 
structural disorganization produced m the initial stage of the disease ” 
By analogy he cited the evidence of the long-continued effects on the 
kidney of experimental acute uranium poisoning Further, one might 
point to the chronic nephritis m rats which has been reported as following 
injections of a nephrotoxic serum 6 However, Addis commented that 
his own hypothesis is at least partially contradicted by the fact that one 
cannot consistently forecast the evolution of an acute attack of nephritis 
m human beings to chronicity or to recovery merely on the basis of the 
intensity of the disease m its initial stage 

Since it is admittedly extremely difficult to be sure of the complete 
extinction of any infection involving the respnatory tract, it comes to 
mind that mfoimation on the importance of chronic infection in main- 
taining pathologic activity m the kidneys might be obtained from the 
study of cases in which glomerular nephritis has followed infections of 
the skin or of the subcutaneous tissues The superficial location of the 
inflammatory process enables the observer to ascertain with some 
accuracy the moment at which the cutaneous lesion is healed If the 
activity of the nephritis is maintained by an infection of the skin, one 
would expect eventual complete healing of the renal lesion to follow heal- 
ing of the skin Further, one would prophesy a uniformly excellent 
prognosis for complete recovery m this group of cases as compared with 

3 Wmkenwerder, W L , McLeod, N , and Baker, M Infection and Hem- 
orrhagic Nephritis, Arch Int Med 56 297-326 (Aug) 1935 

4 (a) Volhard, F Die doppelseitigen hamatogenen Nierenerkrankungen, m 
\on Bergmann, G, and Staehehn, R Handbuch der inneren Medizin, Berlin, 
Julius Springer, 1931, vol 6, pt 2 (b) Kollert 1 

5 Addis, T Haemorrhagic Bright’s Disease I Natural History, Bull 
Johns Hopkins Hosp 49 203-224 (Oct ) 1931 , II Prognosis, Etiology, and Treat- 
ment, ibid 49 271-285 (Nov) 1931 

6 Smadel, J E Experimental Nephritis in Rats Induced by Injection of 
Anti-Kidney Serum I Preparation and Immunological Studies of Nephrotoxm, 
J Exper Med 64 921-942 (Dec) 1936, III Pathological Studies of the Acute 
and Chronic Disease, ibid 65 541-555 (April) 1937 Smadel, J E , and Farr, 
L E Experimental Nephritis in Rats Induced by Injection of Anti-Kidney 
Serum II Clinical and Functional Studies, ibid 65 527-540 (April) 1937 
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those m which glomerular nephritis is associated with persistent or 
recurring infections of the lespiratory tract, since it should be easier 
to eradicate infections of the skin than infections of the nasopharynx 
To test this hypothesis, a seaich of the literature concerning lelevant 
cases has been made and the reports summarized Also a study has been 
made of the records of a selected group of patients treated m the Johns 
Hopkins Hospital whose disease appeared following an infection of 
the skm That there is relatively little information on this subject m 
the American literature lends greater interest to the investigation 


Table 1 — Relative Fiequency of Infections of the Skm Pteccdmg Glomentlar 
Nephntis, Tabulated fiom Vat tons Authois 


Observer 

Total 

Oases 

of 

Nephritis 

Cases 

Following 

Cutaneous 

Infect'on 

Percentage 

Type of 
Cutaneous 
t Infection 

Constitution of 
Whole Group 

Blubm 20 

140 

2 

14 

Erysipelas 1, 
impetigo, 1 

Patients of all ages 

Kaumheimer 7 * * 

223 

21 

94 

Impetigo 

Children 

Volhard and Fahr 10 * “ 

204 

22 

11 

Erysipelas, 5 
miscellaneous, 17 

Chiefly adults 

Hill 12 

75 

4 

53 

Impetigo 

Children 

Osman 13 

235 

11 

4 7 

Skin and scalp 
wounds 

Children and 
young adults 

Southby and Stan 
ton 14 

103 

IS 

17 

Chiefly impetigo 

Children 

Clausen lz 

102 

1 

1 

Erysipelas 

Children 

Robert 1 

80 


5 15 

Not stated 

Not stated 

Van Slvke and 
others 10 

50 

0 

0 


Chiefly adults 

Guild » 

34 

1 

29 

Furunculosis 

Children 

Addis 6 



20 

Infected wounds 

Not stated 

Lichtwitz 1_ 

167 

2S 

17 

Miscellaneous 

Not stated 

Sutton a 

IS 

5 

2S 

Impetigo 

Not stated 

Richter 18 

100 

i 

1 

Erysipelas 

Adolescents and 
adults 

Present series 

153* 

ii 

7 2* 

Miscellaneous 

Children and adults 


♦Nephritis of type A only 


REVIEW OF THE LITERATURE 

Relative Importance of Infections of the Skm m the Causation of 
Nephritis — It should be emphasized at once that of all the infections 
of the skm complicated by nephritis, impetigo has been the agent most 
frequently discussed in the papers to which I have had access Kaum- 
heimer 7 thoroughly reviewed the earlier literature on “lmpetigo- 
nephritis” and presented a relatively large series of his own cases 7n 

7 Kaumheimer, L Ueber akute Nephritis bei Kindern nach impetiginosen 

Hauterkrankungen, Monatschr f Kinderh 10 139-153, 1912 

7a The subject of impetigo-nephritis was recently reviewed by Silvers, S H 

Impetigo Contagiosa Complicated by Acute Nephritis, New York State J Med 

39 1093-1095 (June 1) 1939 
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Phillips® was one of the fiist to diaw attention to the syndrome in this 
countiy More recently Sutton 9 reported its occunence m 5 children 
Numeious othei examples are recorded m the foreign literature on 
this specific subject and also m the more general papers on glomerular 
nephntis The significance of the preeminence of impetigo-nephritis m 
the gioup of cases reported m this paper will be pointed out later m the 
sections on age incidence, bacteriology and prognosis Monogiaphs on 
nephi ltis 10 desci ibe the disease as following cutaneous infections other 
than impetigo, such as suppurating wounds of the skin, fui unculosis and 
pyogenic infections superimposed on scabies and eczema , doubtless many 
so-called cases of impetigo are actually instances of pyoderma complicat- 
ing other conditions, such as eczema 

That infection of the skin appears to play an important pait m the 
production of glomeiular nephritis may be seen fiom table 1 It should 
be noted that Addis’ figures 5 dealt only with those cases of nephritis 
(83 per cent of all his cases) m which there was some ascertainable 
antecedent infection Guild’s senes 11 represented a group selected 
because of survival of the acute stage of nephntis The data of Volhard 
and Fahr, 10a Hill, 12 Osman, 13 Southby and Stanton, 14 Clausen, 15 Kollert, 1 
Van Slyke and othei s, 10 Guild, 11 Addis, 5 Lichtwitz 17 and Richter 18 are 
taken from general articles on glomerular nephritis m which there was 

8 Phillips, J Nephritis, a Complication of Impetigo, with Report of Two 
Cases, Cleveland M J 9 686-691 (Sept ) 1910 

9 Sutton, L E , Jr Nephritis Complicating Impetigo, South M J 27 
798-802 (Sept ) 1934 

10 (a) Volhard, F , and Fahr, T Die Brightischer Nierenkrankheit, Berlin, 
Julius Springer, 1914 ( b ) Munk, F Pathologie und Khnik der Nierener- 
krankungen, Berlin, Urban & Schwarzenberg, 1925, p 381 (c) Volhard, 451 p 1245 

11 Guild, H G The Prognosis of Acute Glomerular Nephritis in Childhood, 
Bull Johns Hopkins Hosp 48 193-211 (April) 1931 

12 Hill, L W Studies in the Nephritis of Children, Am J Dis Child 17 . 
270-294 (April) 1919 

13 Osman, A A The Aetiology and Prognosis of Acute Nephritis in Chil- 
dren and Young Adults, Guy’s Hosp Rep 75 306-312 (July) 1925 

14 Southby, R , and Stanton, B L Acute Nephritis in Children, with 
Special Reference to Renal Efficiency Tests, M J Australia 1 127-133 (Jan 30) 
1926 

15 Clausen, S W Nephritis in Children, Atlantic M J 29 201-205 (Jan) 
1926 

16 Van Slyke, D D , and others Observations on the Courses of Different 
Types of Bright’s Disease, and on the Resultant Changes in Renal Anatomy, 
Medicine 9 257-386 (Sept ) 1930 

17 Lichtwitz, L Die Praxis der Nierenkrankheiten, Berlin, Julius Springer, 
1934, p 251 

18 Richter, A B Prognosis in Acute Glomerular Nephritis, in Medical 
Papers Dedicated to Henry Asbury Christian, Baltimore, Waverly Press, Inc , 
1936, pp 268-282 
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no special emphasis placed on infections of the skm Sommer, 19 report- 
ing on impetigo-nephritis m children, stated that nephritis of this origin is 
as common as that following tonsillitis In explanation of the relatively 
low incidence reported by Bluhm 20 I can lemark only that her paper was 
written at a period when no very clear distinction was made between 
glomerular nephritis and other forms of Bright’s disease One cannot 
immediately explain why none of Van Slyke’s 50 cases and only 1 of 
Clausen’s and 1 of Richter’s fell into the group undei consideration 
There is apparently considerable variability in the incidence of this type 
of nephritis 

Age of Patients with Glomei ular Nephi itis Secondary to Infection 
of the Skm — Since impetigo is more common in children than in adults, 
it is not unreasonable that writers on impetigo-nephritis emphasize that 
the latter syndrome is commonly one of childhood 21 Husler 21b stated 
the belief that this type of nephritis is seen most frequently in children 
between the ages of 4 and 7 years Kaumheimer 7 noted that infants 
under 1 y 2 years are relatively immune to impetigo-nephritis Adults, 
however, may be affected , thus 5 of Henng’s 7 patients were adults 22 
Nephritis secondary to a wound or to pyoderma may be seen at any age 

Bactenologic Ohseivations — It appears that impetigo-nephritis may 
occur m epidemics Husler 21b observed glomerular nephritis in 6 of 16 
patients with impetigo seen m the spring of 1915 , Eichhorst, 23 in a family 
of 4 children with impetigo, found mild to severe nephritis m3 No 
statistics have been encountered detailing the incidence of nephritis as a 
complication in a . large series of cases of impetigo Hermg 22 and 
Phillips 8 each recovered a “stieptococcus” from an impetigo pustule 
in a single case of impetigo-nephritis , Kohn 24 isolated diphtheroid oigan- 
lsms in 1 case Reports on the causes of uncomplicated impetigo con- 
tagiosa itself are also somewhat inconclusive It has been stated that both 
staphylococci and streptococci may cause impetigo and that the former 
are most commonly isolated in the United States, while the latter pre- 

19 Sommer Ueber die Haufigkeit und Eigenart der Impetigo-Nephritis im 
Kindesalter, Veroffentl a d Geb d Heeressamtats 85 178-186, 1931 , abstracted, 
Zentralbl f Haut- u Geschlechtskr 39 79-80, 1932 

20 Bluhm, A Zur Aetiologie des Morbus Brightn, Deutsches Arch f klin 
Med 47 193-225, 1891 

21 (a) Maier, F Nephritis bei Impetigo contagiosa, Munchen med Wchn- 
schr 64 215 (Feb 13) 1917 ( b ) Husler, J Zur Frage der Impetigo-Nephritis, 
Klin Wchnschr 1 1826-1828 (Sept 9) 1922 ( c ) Kaumheimer 7 

22 Hermg, E Impetigo-Nephritis, Zentralbl f inn Med 43 633-636 (Sept 
30) 1922 

23 Eichhorst, H Ueber Impetigo-Nephritis, Deutsches Arch f klin Med 
118 462-475, 1916 

24 Kohn, H Impetigo-Nephritis, Berl klm Wchnschr 58 28-29 (Jan 10) 
1921 , Zur Impetigo-Nephritis, ibid 58 131 (Feb 7) 1921 
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dominate in Europe 25 Adamson, 26 however, stated the belief that 
impetigo is m all cases caused primarily by streptococci and that staphylo- 
cocci represent merely secondary invaders 

Pi och omal Pei lod — Although it is notoriously difficult to delimit 
exactly the prodromal period, several of those who have written on 
impetigo-nephritis have made statements as to the interval elapsing 
between the onset of the cutaneous infection and the first symptom of 
i enal disease, usually edema Kaumheimer 7 gave the interval as two 
to six weeks, Hermg 22 as four weeks and Maier 21a as three to four 
weeks Husler 21b stated that the nephritis appears usually at the height 
of the impetigo and less commonly after the healing of the skin Cases 
have been reported in which the interval was only three days , 27 on 
the other hand, not uncommonly a case is reported in which the patient 
had suffered from episodes of impetigo for many years, only to mani- 
fest nephritis m the course of an involvement of the skin not apparently 
different from the previous uncomplicated attacks 9 For comparison it is 
interesting to note that W mkenwerder, McLeod and Baker 3 found that 
of 41 cases of glomerular nephritis selected without reference to the 
type of preceding infection, in SO per cent the disease developed after a 
prodromal period of seven to sixteen days 

Course of the Nephntis and Prognosis — Glomeiular nephritis fol- 
lowing impetigo does not differ in its manifestations from glomerular 
nephritis secondary to scarlet fever, for instance, or to acute pharyngitis , 
the physical findings and the changes in the urine are identical Kaum- 
heimer 7 was unable to find any coi relation between the seventy or the 
location of the impetigo and the character of the subsequent nephritis 
Many authors have emphasized the rapidity with which the signs of the 
nephritis clear after the healing of the infection of the skin, be it 
impetigo 21b or other types of involvement of the skin 10c The prognosis 
is generally considered excellent, 28 most patients leaving the hospital 
after eight to twelve weeks’ stay In considering this reputedly bright 
outlook for impetigo-nephritis it must be recalled, however, that the 
prognosis for acute nephritis m children is notably better than that for 
the same disease in adults 11 and that the majority of the reported cases 
of impetigo-nephritis have concerned children , thus possibly the 
piognosis is governed not by the type of antecedent infection but merely 
by the age of the group of patients Kauheimer 7 reported 2 fatalities m 
his series of 21 patients, or a mortality of 9 5 per cent , both deaths 

25 Tachau, P The Bacteriology of Impetigo Contagiosa, Brit J Dei mat 
50 113-118 (March) 1938 

26 Adamson, H G On the Bacteriology of Pemphigus Neonatorum, Brit J 
Dermat 49 93-99 (March) 1937 

27 Eichhorst 23 Sutton 9 

28 Hering 22 Husler 21b 
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occuned m the piesence of uremia early in the disease Maier 21a lost 
2 patients m uremia, m a small series of 7 patients with unpetigo- 
nephntis, and he thought, contrary to general opinion, that the prognosis 
foi this type of nephntis should remain very guarded Many of the 
patients reported by the authors cited as having recovered left the 
hospital still showing albumin and red cells in their uime and weie not 
adequately followed up In summary, the information at hand is inade- 
quate to indicate definitely whether the outcome of glomerular nephritis 
following pyogenic infections of the skin differs m any nay from that of 
nephritis secondaiy to infection at other sites 

PROTOCOLS 

The cases which I shall now repoit fiom the adult medical service 
of the Johns Hopkins Hospital represent all the recoided examples of 
acute hemorrhagic nephritis following infections of the skin which have 
been observed in that service since 1923 They have been selected from 
a gioup of 153 cases of acute hemoirhagic nephntis which followed infec- 
tion of various sorts and came under observation early in the course of 
the disease The 153 cases comprise those in Longcope’s 20 group 1 (of 
nephritis type A , i e , the type of nephritis which follows an acute infec- 
tion) m contradistinction to those in his group 2 (nephritis of type B, 
in which the onset is insidious) In only 2 of our 11 patients (M B and 
C McK ) was there any ascei tamable acute infection other than an 
infection of the skm immediately piecedmg the onset of the nephritis 
Each patient was carefully examined foi foci of infection othei than those 
in the skin, m 7 patients the pharynx came under suspicion and in 3 
patients the teeth The urine of all the patients was steiile Serologic 
tests for syphilis gave negative lesults for all patients save 3 (J D , C 
McK and D t") 

In these protocols the urinary phenolsulfonphthalein excretion is 
expressed as percentage excreted in two hours The uiea clearance 
determinations were performed accoidmg to the technic of Van Slyke, 30 
no correction being made for size when the patient was a child The 
formed elements in the urine are descnbed as seen in an average high 
power field during the microscopic examination of a centrifuged speci- 

29 Longcope, W T (a) Studies of the Variations m the Antistreptolysin Titre 
of the Blood Serum from Patients with Plemorrhagic Nephritis I Control 
Observations on Healthy Individuals and Persons Suffering from Diseases Other 
than Streptococcal Infections, J Clin Investigation 15 269-275 (May) 1936, 
II Observations on Patients Suffering from Streptococcal Infections, Rheumatic 
Fever and Acute and Chronic Hemorrhagic Nephritis, ibid 15 277-294 (May) 
1936, ( b ) footnote 2a 

30 Peters, J P , and Van Slyke, D D Quantitative Clinical Chemistry, 
Baltimore, Williams and Wilkins Company, 1932, vol 2 
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men In addition, Addis counts 31 were made on the ui inary sediment 
from time to time Quantitative determinations of urinary protein, when 
made, were performed according to the rather inaccurate technic of 
Esbach, save m association with an Addis count, when they were done 
according to the method of Shevky and Stafford 32 as modified by Peters 
and V an Slyke 30 The upper limits of normal for the twelve hour Addis 
count have been considered as 425,000 red blood cells, 1,835,000 white 
blood cells, 4,270 casts, and 30 mg of protein 33 Longcope has described 
the technic of the serum antistreptolysin titrations in this gioup of 
cases , 29 1 have considered 100 units the upper limit of normal The blood 
pressure recorded for each patient on admission was the highest reading 
observed during the early days of the stay m the hospital The patients 
were given an alkaline ash diet routinely , the fluid and salt intake was 
varied according to the degree of cardiac failure, edema and uremia 

Case 1 — Impetigo, moderately seve> e nephritis, i ecovery 

M B , a 9 year old white boy, was admitted on March 5, 1935, with the history 
that for two weeks he had had impetigo on his face and buttocks, for three days, 
generalized edema, and for two days, fever and sore throat On admission his 
temperature was 102 F and his blood pressure 130 systolic and 80 diastolic There 
was healing impetigo on the face and buttocks, and there was a scarlatiniform 
rash on the trunk There was slight generalized edema The tonsils were large 
and red The white blood cell count was 17,000 The specific gravity of the urine 
was 1 022 There was albuminuria (4 plus), with from 20 to 30 red blood 
cells, 5 white cells and casts of all sorts The nonprotem nitrogen content of the 
blood was 27 mg per hundred cubic centimeters, and the phenolsulfonphthalem 
excretion was 88 per cent Material from the cutaneous lesions was not cultured 
Cultures of material from the throat revealed beta streptococci persistently until 
a tonsillectomy was done, April 20, 1935 , cultures of the tonsillar tissue removed at 
operation showed a practically pure growth of beta streptococci and minute beta 
streptococci The patient had a low elevation of temperature during his stay, 
but otherwise improvement was rapid The scarlatiniform yash disappeared 
immediately, by March 9 the edema had disappeared and the impetigo had healed 
The urine cleared rapidly, an Addis count on May 6, 1935, the day of discharge, 
was normal save for 13,000 casts, the nephritis was regarded as healed The urea 
clearance on May 3 was 90 per cent of the normal maximum In May 1939, the 
urine showed no albumin, and the sediment was normal (It is possible that this 
patient had true scarlet fever and that the nephritis was secondary to the scarlatina 
rather than to the impetigo 33a ) 

31 Addis, T A Clinical Classification of Bright’s Disease, JAMA 85 
163-167 (July 18) 1925 

32 Shevky, M C , and Stafford, D D A Clinical Method for the Estimation 
of Protein in Urine and Other Body Fluids, Arch Int Med 32 222-225 (Aug ) 
1923 

33 Addis, T The Number of Formed Elements in the Urinary Sediment of 
Normal Individuals, J Clin Investigation 2 409-415 (June) 1926 

33a Patients M B , C B and S P were reexamined in March, February, and 
March of 1940 respectively The findings were the same as those noted in 1939 
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Case 2 — Pophtcal abscess , moderately scveie nephntis, recovery 

D T , a 10 year old Negro boy, was admitted to the surgical service on April 
12, 1936, with cellulitis of the left leg, a condition which had appeared earlier 
in the day following a superficial scratch Hot compresses were applied, and on 
April 17 an abscess in the left popliteal region was incised, no cultures were 
made The patient’s temperature fell from an initial 104 F (40 C ) but never 
became quite normal , he was sent home on April 22 The urine contained no 
albumin or formed elements on examination April 12 and 22, the blood pressure 
was not recorded On April 28 a headache began, followed vomiting and 

puffiness of the face The patient was admitted to the medical service April 
30, with a temperature of 104 4 F and a blood pressure of 128 systolic and 98 
diastolic There was slight puffiness of the face, and the tonsils were enlarged 
The operative wound m the left leg had almost healed The patient was found 
to have congenital syphilis The white blood cell count was 8,700 There was 
albuminuria (3 plus), and the sediment showed 4 to 6 red cells and 5 white cells, 
with hj aline and granular casts The nonprotein nitrogen content of the blood 
was 41 mg per hundred cubic centimeters, the phenolsulfonphthalein excretion 
was 70 per cent and the urea clearance 35 to 37 per cent of the normal standard 
A culture from the healing abscess showed beta streptococci only Cultures of 
material from the throat showed beta streptococci persistently before and after 
tonsillectomy, performed May 21 (Culture of the tonsillar tissue removed at 
operation revealed beta streptococci and minute beta streptococci ) After admis- 
sion the patient’s temperature fell to normal in twenty-four hours, the facial 
edema disappeared, and the wound in the leg healed The blood pressure was 
normal after May 7 Several carious deciduous teeth were extracted during his 
stay On May 19 the urea clearance was 80 per cent of the normal standard The 
urine cleared rapidly On June 5 an Addis count was normal save for 9,000 casts , 
the patient’s nephritis was regarded as healed, and he was discharged In March 
and November 1937 the urine on examination showed no albumin or formed 
elements, despite the fact that at the time of the Noi'ember examination the 
patient had an abscess on his foot from which beta streptococci were isolated 

Case 3 — Impetigo, scveie nephntis , iccovciy 

B D, an 11 year old Negro girl, whose tonsils had been removed at the age 
of 5 years, gave the history of having had impetigo on her legs at intervals for 
several years Two months before admission crusts appeared on her forehead, 
on June 18, 1937 generalized edema was noted accompanied by slight soreness of 
the throat and vomiting On admission to the hospital, June 25, her temperature 
was normal and her blood pressure 192 systolic and 96 diastolic There were a 
few impetiginous lesions on the head and on one shin There was generalized 
edema A few tonsillar tags remained The heart was moderately enlarged, and 
the venous pressure was 215 mm of saline solution On June 28 the patient had 
several generalized convulsions, and rales appeared at the bases of the lungs The 
white blood cell count was 5,000 The specific gravity of the urine was 1 007, and 
there were approximately 4 5 Gm of albumin per liter The urinary sediment 
showed 15 to 20 red cells and 5 to 8 white cells, with hyaline, granular and cellular 
casts The nonprotein nitrogen content of the blood was 128 mg per hundred 
cubic centimeters, the phenolsulfonphthalein excretion was 70 per cent and the 
urea clearance 35 to 51 per cent of the normal standard Cultures of material from 
the cutaneous lesions showed 80 per cent beta streptococci and 20 per cent 
Staphylococcus aureus No beta streptococci could be cultured from material 
from the throat on admission, although they were isolated later during her stay 
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After the convulsions, digitalis was administered and a lumbar puncture performed , 
subsequently improvement was rapid The edema had disappeared by July 5 
Because of the streptococcic cutaneous infection the patient was given sulfanil- 
amide, 2 4 Gm daily, from June 28 to July 3, the impetigo healed slowly and 
by August 17, the day of discharge, had disappeared After July 2 the blood pres- 
sure was normal The urea clearance on June 22 was 85 to 88 per cent of the 
normal maximum Although the albuminuria cleared rapidly, microscopic hema- 
turia persisted There was no accentuation during an attack of acute salpingitis 
in September An Addis count on the urinary sediment in June 1938 was normal 
save for 61 mg of protein, and the nephritis was regarded as healed The patient 
has not been examined since 

Case 4 — Pyoderma, scvci c nephritis, r ecovery 

L G, a 13 year old white girl, who had had scarlet fever and a tonsillectomy 
at the age of 8, without known complications, acquired, six weeks prior to 
admission, dermatitis venenata, probably due to sumach, practically the whole 
body was involved, and some of the lesions became infected Since the fourth 
week before admission there had been fever, generalized edema, headache, vomit- 
ing and hematuria On admission Sept 8, 1937, the patient’s temperature was 
100 F (378 C ), and the blood pressure was 150 systolic and 105 diastolic She 
was pale , her face was puffy, and she had depigmented scars of a healed pyoderma 
on the extremities and retinal edema and hemorrhages The tonsillar fossae showed 
a few tags The hemoglobin content was SO per cent, and the white blood cell 
count was 6,600 The specific gravity of the urine, which was grossly bloody, was 
1 015, with albumin (3 plus) and casts of all types The nonprotein nitrogen 
content of the blood was 62 mg per hundred cubic centimeters, the phenolsulfon- 
phthalein excretion was 32 per cent and the urea clearance 18 to 24 per cent of the 
normal standard Cultures of material from the throat revealed beta streptococci 
inconstantly The patient was given one transfusion She improved rapidly 
Her facial edema disappeared, and the hemoglobin rose The blood pressure was 
normal on September 29 On October 14 the urea clearance was 63 to 67 per cent 
of the normal standard, and the phenolsulfonphthalein excretion on October 18 
was 66 per cent However, when the patient left, October 20, against advice, 
her urine still showed albumin (1 plus) and numerous red blood cells In May 1939 
her health was good, and her urine showed only a faint trace of albumin and no 
red blood cells or casts Her nephritis was regarded as probably healed 

Case 5 — Pm onychia, moderately severe nephritis, recovery 

D G, a 15 year old white girl, who had had sore throat frequently, until a 
tonsillectomy was performed, at the age of 12, was admitted to the hospital on 
Dec 29, 1933 Two weeks previously an infection had appeared on the distal 
phalanx of her left thumb, five days before admission there were generalized 
edema, headache and anorexia, two days before admission the finger was opened 
surgically On admission the patient’s temperature was 100 8 F, and the blood 
pressure was 160 systolic and 100 diastolic There were marked generalized edema, 
small tonsillar tags, and several carious teeth (subsequently extracted on February 
6) There was a granulating paronychia on the left thumb, and the terminal 
phalanx was red and swollen The retinas were essentially normal The hemo- 
globin content was 68 per cent, and the white blood cell count was 13,000 The 
specific gravity of the urine was 1 010, it contained albumin (1 plus), 20 to 30 red 
blood cells and 3 leukocytes, with hyaline, granular and red blood cell casts The 
nonprotem nitrogen content of the blood was 30 mg per hundred cubic centimeters , 
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the phenolsulfonphthalein excretion was 75 per cent and the urea clearance 46 to 49 
per cent of the normal maximum Cultures of material from the throat on Decem- 
ber 30, and Jan 1, 1934 showed a very few colonies of beta streptococci , thereafter, 
the cultures were constantly negative for that organism Cultures of material from 
the site of the paronychia showed beta streptococci, minute beta streptococci and 
Staphylococcus albus The patient improved rapidly The blood pressure reached 
normal on January 6 and remained normal By January 11 the edema had disap- 
peared By January 18 the urinary elements had entirely cleared By January 30 
the thumb had healed An Addis count on discharge, February 23, was normal 
save for 900,000 red blood cells, and the urea clearance was 54 to 62 per cent of the 
normal maximum In December 1935, because of recurrences of sore throat, the 
patient was readmitted, and a tonsillectomy was performed , no beta streptococci 
appeared in cultures of the tissue removed at operation The patient’s urine, which 
had shown a trace of albumin inconstantly during the interval, was normal, and 
the urea clearance was 68 to 78 per cent of the normal maximum Her nephritis 
was regarded as healed 

Case 6 — Pyoderma , scveic nephnUs, recovery 

C B , a 25 j'ear old white man, was admitted to the hospital on Jan 30, 1933 
In 1925 he had had a tonsillectomy , at that time his blood pressure was 110 
systolic and 80 diastolic, and lus urine was normal as to albumin and sediment 
Eight months before admission he and other members of his family suffered an 
itching eruption of the skin, in his case the eruption soon became covered with 
crusts On Dec 27, 1932, he was seen in the dermatology clinic, and his condition 
was diagnosed as coccogenous dermatitis and abdominal cellulitis, probably com- 
plicating scabies He was treated with sulfur ointment Se\en days before admis- 
sion the patient noted dyspnea, vomiting, generalized edema, oliguria and hematuria 
On admission the temperature was 101 4 F and the blood pressure 205 systolic 
and 130 diastolic There were generalized edema, a pyoderma of the extremities 
with crusts and healing lesions, mild pulmonary edema and retinal edema, with 
one retinal hemorrhage The tonsils had been cleanly removed The white blood 
cell count was 10,800 The urine was grossly bloody, had a specific gravity of 
1 020, and showed approximately 6 Gm of albumin per liter and numerous casts, 
including red blood cell casts The nonprotein nitrogen content of the blood was 
50 mg per hundred cubic centimeters , the phenolsulfonphthalein excretion was 
45 per cent and the urea clearance 40 to 41 per cent of the normal standard Cul- 
tures of the skin revealed an almost pure growth of beta streptococci with a 
few colonies of Staphylococcus aureus Cultures of material from the throat showed 
small numbers of beta streptococci persistently Digitalis U S P was administered, 
and the cutaneous lesions were treated locally There was rapid improvement, 
the temperature soon fell to normal, and by Feb 8, 1933 the edema had disappeared 
The blood pressure fell, reaching 130 systolic and 90 diastolic by February 23, 
it never remained consistently below that level By March 25 the cutaneous lesions 
had healed The urine cleared only slowly and showed red cells on the patient’s 
discharge from the hospital, May 16 The urea clearance had risen to 58 per 
cent of the normal standard and the phenolsulfonphthalein excretion to 77 per 
cent The urea clearance was 97 to 103 per cent of the normal standard in January 
1934, and the Addis count was normal save for 45 mg of protein per hundred 
cubic centimeters The nephritis was considered healed In May 1939, when the 
patient was last seen, his blood pressure as observed at a single examination was 
140 systolic and 100 diastolic, and his urine was normal He was recovering from 
a drinking bout at the time and appeared agitated by the examination 33a 
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Case 7 — Aullaiy abscess , modci ately seveie nephntis, iccoveiy 

H M , a 31 year old Negro, had transient lymphangitis of the left arm 
immediately following cutting of a finger on March 2, 1929 On March 10 he 
noticed a mass m the left anterior axilla, and on March 12 an axillary abscess 
was incised and dramed in the outpatient department, the pus was not cultured 
On March 13 generalized edema developed and subsequently headache, cough and 
dyspnea On admission, March 20, the patient’s temperature was normal and the 
blood pressure 150 systolic and 100 diastolic There was generalized edema 
The injured finger was healed and the left axillary abscess nearly so The tonsils 
were enlarged but not reddened There was one retinal hemorrhage There was 
a rectal fistula The white blood cell count was 11,100 The specific gravity of 
the urine was 1 010 There was albuminuria (2 plus) In the sediment there were 
2 to 3 red cells, 6 to 8 white cells, and many casts, including the cellular variety 
The nonprotein nitrogen content of the blood was 30 mg per hundred cubic 
centimeters, and the phenolsulfonphthalein excretion was 50 per cent Cultures 
of material from the healing abscess showed beta streptococci (1 plus) and 
hemolytic Staph aureus (2 plus) Cultures of material from the throat occasion- 
ally revealed beta streptococci (In October 1931, after tonsillectomy, culture 
of the removed tissue showed no beta streptococci ) The patient rapidly improved 
after admission By March 31 the abscess had entirely healed, the rectal fistula 
persisted By April 1, 1929, the edema had disappeared and after April 2 
the blood pressure was normal The phenolsulfonphthalein excretion on May 
27 was 60 per cent On discharge, June 21, there was still a trace of albumin 
as well as a few red cells in the urine These, too, finally disappeared, in 
October 1931, the Addis count was normal save for 31,900 casts, and the urea 
clearance was 80 per cent of the normal maximum His nephritis was regarded 
as healed The patient was last seen in February 1936, when the urine showed a 
faint trace of albumin and no red cells or casts 

Case 8 — Eiysipelas, seveie nephritis, iccovery 

J D , a 32 year old Negro, was stricken on Dec 26, 1932 with a typical attack 
of erysipelas involving the face On admission to another hospital, December 31, his 
temperature was 102 6 F He was treated with “erysipelas antitoxin” and made a 
lapid recoveiy A specimen of urine examined on Jan 1, 1933 showed no albumin, 
while one obtained on January 6 contained a trace, neither specimen showed red 
cells or casts He was discharged from the hospital on January 7 On January 12 
he noticed edema of his legs, and on January 18 he was admitted to the Johns 
Hopkins Hospital At this time his temperature was normal, and the blood 
pressure 190 systolic and 130 diastolic The cutaneous lesion had healed, however, 
there were edema of the legs, moderate dilatation of the heart and hemorrhages 
and exudates in the eyegrounds The tonsils were not enlarged The white blood 
cell count was 5,800 The urine showed a specific gravity of 1 017, albumin 
(1 plus), 25 to 35 red cells and 4 white cells, with many hyaline, granular and 
led cell casts The nonprotem nitrogen content of the blood was 30 mg per hun- 
dred cubic centimeters , the phenosulfonphthalem excretion was 65 per cent and 
the urea clearance 38 to 42 per cent of the normal maximum Beta streptococci 
could not be isolated from the throat The Wassermann reaction of the blood 
was positive, and the patient had a history of inadequately treated syphilis He 
made a rapid recovery The blood pressure reached normal levels on January 26, 
and by January 29 the edema had disappeared On March 7 the urea clearance was 
90 to 92 per cent of the normal standard The urine contained no albumin after the 
second day of the patient’s stay in the hospital but continued to show red cells 
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when he was discharged as asymptomatic on April S, 1933 In April 1934 he 
survived bacteremia caused by Salmonella suipestifei, with no evidence of any 
renal disease during its course An Addis count of the urmaiy sediment in May 
1934 was normal save for a slight increase in the piotein to 40 mg His nephritis 
was considered healed The patient was last seen m May 1939, when his urine 
was normal 

Case 9 — Pyodeima , scvcic ncphutis , iccovciv 

C McK, a 60 year old Negro, was first seen in the outpatient department 
m 1935 with the complaint of dyspnea He was markedly obese, his blood 
pressure was 120 systolic and 90 diastolic, and his heart was noimal His urine 
showed no albumin In 1936 ulcers appeared on the lou'er part of his right leg 
and were persistent Three weeks before admission the area imolved by these 
ulcers became edematous Two weeks before admission he had a head cold and 
flight soreness of the throat lasting one day Six days before admission he 
noticed turbidity of the mine, headache, increased dyspnea with cough and, 
finally, edema of the ankles On admission, Feb 25, 1938, his temperature was 
101 F and his blood pressure 210 systolic and 140 diastolic He was markedly 
obese and moderately orthopneic, with a nonproductive cough There was pitting 
edema over the legs The tonsils were small On the right shin there was a 
15 cm band of healing and crusted shallow ulcerations There was arteriovenous 
compression cf the retinal vessels, although the peripheral vessels were not 
sclerosed The heart was moderately enlarged The venous pressure was 215 
mm of saline solution The white blood cell count was 6,100 The urine had a 
specific gravity of 1026, it showed approximately 2 Gm of albumin per liter, 90 
red blood cells and 15 white blood cells, with hyaline, granular and red blood 
cell casts The Wassermann reaction of the blood was positive The nooprotein 
nitrogen content of the blood was 32 mg per hundred cubic centimeters , the phenol- 
sulfonphthalein excretion was 61 per cent and the urea clearance 60 per cent of the 
normal standard Beta streptococci were isolated from the lesions on the leg m 
pure culture, none were observed in cultures of material from the throat The 
patient was given digitalis, and sulfanilamide, 3 6 Gm daily, fiom February 28 to 
March 8 There was rapid improvement The blood piessurc leached normal on 
March 8 and remained so By March 18 the ulcers had healed, and by March 25 
the edema had disappeared On the patient’s discharge, April 26, the urea clearance 
had risen to 85 and 110 per cent of the normal standard, and the urine showed 
only a few red blood cells and a trace of albumin In August the ulcers reappeared 
on his leg, at the same site, only Bacillus coh could be isolated from them 
There was no fiare-up in the nephritis In May 1939 the ulcers had healed, the 
urine was normal for the first time, and the nephritis was considered healed 

Case 10 — Erysipelas, mild ncphutis, recovery 

S P , a 45 year old white woman, noted the onset of an attack of ervsipelas 
of the face on Ncv 11, 1933 The lesion spread, and the patient began to vomit 
On her admission to the hospital, November 15, the disease being of four days’ 
duration, her temperature was 100 F and her blood pressure 120 systolic and 60 
diastolic There was considerable involvement of the face by the eiysipelas, and 
the patient seemed lethargic There was no edema, save of the face The tonsils 
were net enlarged The white blood cell count was 11,400 The mine was grossly 
bloody, had a specific gravity of 1 010, and showed albumin (2 plus) and many 
granular casts The nonprotein nitrogen content of the blood was 66 mg , the 
phenolsulfonphtbalem excretion was 30 pei cent and the urea clearance 21 per 



FUTCHER— GLOMERULAR NEPHRITIS 


1205 


cent of the normal standard No cultures of skin were made, cultures of material 
from the throat showed beta streptococci inconstantly By Novembei 23 the 
erysipelas had healed, and thereafter the patient was asymptomatic By Decem- 
ber 5 the nonprotein nitrogen content of the blood had fallen to 36 mg per 
hundred cubic centimeters Four periapically infected teeth were removed On 
her discharge, Jan 24, 1934, the phenolsulfonphthalem excretion was 65 per cent 
but the urea clearance only 42 to 48 per cent of the normal standard Although 
the gross hematuria subsided twenty -four hours aftei her admission, the patient 
showed microscopic hematuria during her entire stay By March 1934 hei urine 
showed no albumin or red blood cells , her nephi ltis was regarded as healed 
In June 1938 her blood pressure, which had always been normal, was discovered 
to be 175 systolic and 100 diastolic, and there was a faint tiace of albumin in 
the urine , she complained of menopausal symptoms In May 1939 the menopausal 
symptoms were still present Her blood pressure was very labile, varying from 
155 systolic and 98 diastolic to 195 systolic and 120 diastolic during a two days’ 
stay in the hospital The urea cleaiance was 48 to 64 pei cent of the normal 
maximum, and an Addis count was normal save for 55 mg of protein 33b 

Case 11 — Pyodeima, scvcie nephntis, becoming quiescent 

T McIC , a 33 yeai old white man with a history of alcoholism, had had 
furuncles on his buttocks since March 1932 For eight months previous to his 
admission to the medical service he had had chronic dermatitis on his left forearm , 
the disease had started as a “boil ” Since Christmas 1933 he had had edema of the 
face and ankles In January 1934 his blood pressure was 196 systolic and 126 dia- 
stolic, and albuminuria and microscopic hematuria were noted The edema persisted, 
and he was admitted to the medical service on March 13 His temperature on admis- 
sion was normal and his blood pressure 152 systolic and 94 diastolic There was 
slight edema of the ankles, together with general bogginess of the tissues On the 
flexor surface of the left forearm there was a cucumscribed, elevated and crusted 
reddish eruption, measuring 5 by 2 5 cm The tonsils were not enlarged There 
was a pilonidal sinus (removed on April 25) The white blood cell count was 
8,100 The urine showed a specific gravity of 1 010, and contained approximately 
0 2 Gm of albumin per liter In the sediment there were 30 to 40 red blood 
cells and 10 white blood cells, with hyaline, granular and red blood cell casts 
The nonprotein nitiogen content of the blood was 34 mg per hundred cubic centi- 
meters , the phenolsulfonphthalem excretion was 48 per cent and the ui ea clear- 
ance 60 to 65 per cent of the normal standard These levels persisted during the 
patient’s stay, as did the urinary elements and the hypertension Beta streptococci 
were repeatedly isolated from the lesion on the arm, which did not respond to hot 
compresses and ultraviolet ray therapy On May 26 the area of dermatitis was 
excised and the site successfully grafted with skin The skin removed at operation 
levealed numerous abscesses about the hair follicles, and cultures of the specimen 
showed beta streptococci with a predominance of Staph aureus Beta stiepto- 
cocci were not found in cultures of material from the throat, the furuncles 
on the buttocks or the pilonidal sinus On discharge, June 23, the patient’s con- 
dition was essentially unchanged from that on admission In April 1935, although 
he was asymptomatic, his blood pressure w'as 155 systolic and 100 diastolic, and 
there w'as marked albuminuna as wHl as microscopic hematuria, with the renal 
functional tests giving the same results as previously The nephritis was classified 
as chronic, and the prognosis seemed gloomy However, w r hen the patient w’as 
next seen, in June 1939, he appeared healthy, and there was no infection of the 
skin The highest blood pressure obtained during his three days stay in the 
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hospital was 135 systolic and 90 diastolic An Addis count showed 1,108 mg 
of protein, 352,000 red blood cells, 704,000 leukocytes and 110,000 casts, 88 
per cent of the latter were of the hyaline vanety and the rest granular The 
phenolsulfonphthalein excretion was 59 per cent and the urea clearance 78 to 86 
pei cent of the normal maximum With the presence of albumin and casts in 
the urine as the only evidence of renal abnormal ity, the patient’s nephritis was 
classified as quiescent, in the course of the four years since he was last seen, 
there had been definite regression of the signs of renal damage 

RECAPI1 ULATION OF THE CASES PRESENTED (TABLE 2) 

Incidence of Type of Nephutis — Infected wounds and infections 
of the skin preceded the onset of symptoms m 11 of the 153 patients with 
type A glomeiular nephutis (group 1), or m 7 2 per cent Type A 
nephi ltis of Longcope 20 is that which follows an acute infection In 4 
of the patients (BD, CB, C McK andT McK ) the infection of the 
skin had existed foi a lelatively long period, vaiymg fiom two to twenty- 
four months, befoie the onset of symptoms of renal disease, the infec- 
tions can theiefore hardly be called “acute ” However, since the nephritis 
which followed them had the sudden onset and other chai acteristics of 
type A, lathei than those of type B, in which the onset is insidious and 
the outcome usually veiy unfavorable, I have classed the 4 patients in 
question along with the other 7 in group 1 Four of the patients had 
pyodermas, 2 infections following wounds, 1 a paronychia, 2 impetigo 
and 2 eiysipelas It should be noted that in the few days piecedmg their 
admission to the hospital, 2 patients (MB and C McK ) had mild sore 
throat, the lelationship of pharyngeal foci of infection to the nephritis is 
discussed m the paragraph on the bacteria present 

Age of the Patients — The age of the 11 patients varied from 9 to 60 
3 r ears, 6 of them were 25 years oi older Since patients under 12 years 
of age are only larely admitted to the adult medical service, our series 
is unduly weighted in favor of the older age groups 

Bactei la Pi esent — For 4 of the patients no cultuies of the cutaneous 
lesions weie made Two of the 4 (J D and S P ) had erysipelas, the 
pyoderma of a third (LG) had completely healed befoie admission Of 
the remaining 7 patients, beta hemolytic stieptococci were obtained in 
pure cultuie from the skin of 2 and these organisms m association with 
staphylococci fiom the skin of 5 Although none of the patients had a 
severe sore thioat before the onset of nephritis, 2 of them (MB and 
C McK ) did have mild pharyngitis m the few days before admission , the 
tonsils of M B weie enlarged and red on admission, and from them beta 
streptococci were cultured With the exception of this infection in M B , 
there was no evidence that acute pharyngitis contributed to the onset of 
nephritis, but in the cases of 4 of the patients (MB, D T , D G and 
H M ) it was thought advisable, at one point oi another in the course 
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* Nephritis uas present on admission 

f Edema, hypertension and azotemia wore noted 

t The nonprotein nitrogen content of tho hlood 'nas normal by Dec 
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of the disease, to peiform tonsillectomy In addition, the fact that beta 
hemolytic stieptococci were lepeatedly isolated from the thioats of 7 
of the 11 patients justly throws some doubt on the statement that the 
skin was the only significant focus of infection in these subjects It has 
been stated by Long and Bliss 3i that in the winter months 10 to 13 
pei cent of cultures of mateiial taken fiom the thioats of noimal persons 
m Baltimore show beta hemolytic stieptococci Winkenu erdei , McLeod 
and Bakei, 3 in a study of 22 patients who had recovered fiom glo- 
meiular nephritis, including 1 patient fiom this senes of 11 patients, 
found that 7, or 32 pei cent, of the patients had tin oat cultures positive 
foi beta streptococci after lecoveiy 

Piochomal Pcuod — In 6 of the patients the prodiomal penod varied 
from nine to seventeen daj'S , an additional patient was admitted on the 
fouith day of eijsipelas with signs of nephntis aheady piesent In the 
lemainmg 4 patients, lelatively chiomc dermatitis had been extant for 
fiom tv o months to two veais With regard to the last group, theie 
is, of couise, no means of ascertaining whethei beta hemolytic strep- 
tococci weie present m the cutaneous lesions during the whole period 
of their duration It is interesting that the patient B D had had seveial 
attacks of impetigo prior to that complicated by nephntis 

Course of the Nephi ihs — None of these infections of the skin seemed 
to distinguish itself in seventy or in any olhei way from infections of the 
same category not followed by nephritis There was no constant story 
of previous susceptibility to streptococcic infections of othei types, such 
as sore throat The nephntis itself was typical acute glomerulai nephritis 
of varying seventy, with the usual unnaiy findings in all the patients, 
hypei tension m 9 and evidence of caidiac insufficiency in 3 Theie was 
edema m 9 patients, and 3 had marked tempoiaiy depression of renal 
function with mtiogen letention The disease was classified as seveie m 
6 patients, moderately severe m 4 and mild m 1 

The disease of 1 patient, T McK , lemamed in a quiescent stage The 
remaining 10 patients, lepresentmg 91 per cent of our veiy small series, 
recoveied (Longcope 2a m 1938 estimated that complete lecovery 
occuried in 55 to 65 per cent of all the patients with nephritis of type A ) 
Within seven weeks after the onset of symptoms of nephritis, 10 of the 
11 patients had become asymptomatic and were well except for the per- 
sistence of mild albuminuria and hematuna , in 7 of the patients the signs 
of lenal disease, other than the urinary ones, were of less than three 
weeks’ duration The total duration of the nephntis from the time of 

34 Long, P H, and Bliss, E A Studies upon Minute Hemolytic Stiepto- 
cocci IV Further Observations upon the Distribution of Ordinary and Minute 
Beta Hemolytic Streptococci in Normal and Diseased Human Beings, J Infect 
Dis 62 52-57 (Tan -Feb) 193S 
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onset to the time at which the pi ocess was classified as completely healed 
was less than six months in 3 patients, twelve months in 2, twenty-foui 
months in 4 and twenty-nine months in 1 Thiee patients (J D , 
H M and S P ) showed a famt tiace of uiinaiy albumin megu- 
laily on dispensaiy visits following the date on which they had been 
classified as “lecovered” Two additional patients (B D and LG), 
had a very famt trace of albumin in the urine when last seen, but since 
then disease was of relatively lecent ongm and impiovement had been 
piogressive, they have been classified as “lecoveied” foi the pui poses of 
this papei In 2 patients classified as “lecoveied,” an elevation in the 
pieviously normal blood pressure was noted on examination five years 
aftei the acute stage of the neplnitis One of these patients (S P ) 
was passing tin ough the menopause , the blood pi essui e of the othei 
patient (C B ) was determined only once, at a time w hen he was obvi- 
ously mentally peiturbed 

COMMENT 

Eailiei m the papei I stated that it was hoped that a study of these 
cases of neplnitis following infections of the skin might throw light on 
the lelationslnp of a persistent focus of infection to the evolution of 
chronic neplnitis Two factors tend to vitiate any peitment conclusions 
which might be diawn — first, the brevity of the senes and, second, the 
fact that beta hemolytic stieptococci were persistently isolated fiom 
another focus than the skin, the pharynx, in 7 of the 11 patients I can 
point to only one obseivation as possibly bearing on the lole of peisistence 
of infection in promoting pathologic activity The only patient wdio has 
not recoveied (T McK , whose nephritis is now m the quiescent stage) 
repiesents the 1 patient of the 11 patients whose cutaneous infection 
peisisted for longer than two months after the onset of nephritis, his 
infection was present for five months after he first noted edema (table 2) 
Although the only demonstrable focus of hemolytic streptococci, an 
area of localized deimatitis on his arm, was finally excised suigically and 
the denuded aiea sucessfully grafted with skin, his neplnitis has never 
completely healed The fact that his urine still contains albumin and 
casts five years after removal of the focus of streptococcic infection 
suggests that inepaiable damage to the kidneys had been done pievious 
to excision of the infected skm 

Befoie concluding, it should be noted that a study of table 2 bears 
out the well known fact that the pi ocess of healing of the renal lesions 
of glomeiular nephritis entails a period of se\eial months Slight 
albummuiia oi nncioscopic hematuria outlasted the lesion of the skm 
by one to two yeais m 7 of the 10 patients wdiose nephritis finally 
healed 
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SUMMARY 

The liteiature on the occunence of glomeiular nephritis following 
infections of the skm has been reviewed 

The protocols of 11 patients m whom acute and often seveie hemor- 
rhagic nephritis followed infected wounds and infections of the skm have 
been presented, with comments 

Beta hemolytic streptococci were isolated from the cutaneous lesions 
of 7 of the 11 patients, twice m pure culture and five times m associa- 
tion with staphylococci Two of the 4 patients for whom no cultures 
of the skm were made had erysipelas 

The nephntis is believed to have healed in 10 of the 11 patients and 
to have become quiescent in 1 patient The single patient whose urine 
still shows significant abnormalities is the only one in whom the infec- 
tion of the skm did not heal within two months after the onset of 
symptoms of nephritis 
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The tiend m hematology m 1939 was towaicl the experimental and 
chemical aspects of the physiology and pathology of the blood and of 
the blood-foimmg organs Studies of material obtained by aspnation 
of sternal marrow have become an integral pait of the analysis of disease 
The piesent review contains data from selected articles published in 
1939, with a few fiom pievious yeais With the giowth of the literature 
on blood, the number of articles published has mci eased to such an 
extent that it has been necessaiy to omit some publications which no 
doubt contain matenal of mteiest and value Some of these will be 
absti acted in latei leviews 

PERNICIOUS ANEMIA 

* 

A most scholarly consideration of the moie impoitant facts and 
theories concerning knowledge of the etiologic factors m pernicious 
anemia is given by Meulengracht 1 His pi esentation deserves a thought- 
ful perusal by all physicians who aie interested m following the remark- 
able lecent development of new information dealing with the etiology of 
the disease It is his belief that sufficient data are available to picture 
the normal process which conti ols the development of the eiythrocytes 
as follows (1) the extunsic factor is supplied by the food, (2) the 
mtnnsic factor is pioduced by the pyloric glands, that is, glands located 
m the pyloius, m the duodenum and to a lessei extent m the cardiac 

From the Thomas Henry Simpson Memorial Institute for Medical Research, 
University of Michigan 

1 Meulengracht, E Histologic Investigations into Pyloric Gland Organ in 
Pernicious Anemia, Nord med (Hospitalstid ) 1 11, 1939, Histologic Investi- 
gation into Pyloric Gland Organ (and Brunner’s Glands), Am J M Sc 197 201, 
1939, Etiological Factors in Pernicious Anemia, in a Symposium on the Blood and 
Blood-Forming Organs, Madison, Wis , University of Wisconsin Press, 1939, p 72 
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region of the stomach, (3) an intei action between these two factois 
occurs in the small intestine, wheieby the ultimate principle is elabo- 
rated, (4) this pi mciple is then absorbed fiom the small intestine, 
especially fiom the ileum, (5) this pi mciple is then cained by the 
blood to the hvei and othei organs, where (6) it is stoied foi further 
use 

On the basis of the familial incidence of pernicious anemia, the 
prevalence of achloihydria m blood lelatives and the fact that the achylia 
piecedes the development of pernicious anemia by ten years, twenty 
years or longer, he expresses the belief that there is a hei editary defect 
in the stomach which is transmitted fiom one generation to anothei 
A review of his own fundamental woilc is given, which indicates that 
the intrinsic factoi is the pioduct of the pyloric glands m the stomach 
and of Brunnei’s glands m the duodenum These he designates as the 
pyloric gland system, as distinguished from the glands of the fundus, 
which secrete hydiochlonc acid, pepsin and lennm The author empha- 
sizes, however, that one finding when fiist consideied does not appear 
to be in accord with his theory It does not mtioduce, however, an 
insurmountable difficulty to the acceptance of it It is the fact that when 
the stomachs of patients with pernicious anemia aie examined the histo- 
logic pictuie is just the reverse of what one would anticipate In other 
words, anatomic studies show that the pylonc glands, which produce 
the intrinsic factoi, aie normal and that the abnoimahties involve the 
glands of the fundus Two suggestions aie made to reconcile this fact 
with his theory ( 1 ) The glands of the fundus may act as a startei , oi 
pacemaker, foi the pylonc gland system eithei thiough production of 
hydrochloric acid and pepsin oi (perhaps) through a hormonal action 
oi (2) the interaction between the intrinsic and extnnsic factors may 
occur mainly m the small intestine, where the changes resulting fiom 
achlorhydria may render conditions unfavoiable for such a piocess 
Both of these explanations are ingenious, logical and worthy of serious 
attention, but they aie still unproved The authoi is the fiist to admit 
this, m his statement that “there is still much work to be done m this 
field of investigation ” 

Anothei point to which consideiable discussion is devoted is the 
lathei confusing but collect mfoimation that the intestines have some 
anti-peimcious-anemia activity This fact appears to be cleaily estab- 
lished A table taken from the work of the Finnish investigator Votila 
is given, which shows the lelative potency of the various parts of the 
gastrointestinal tiact The following list is based on the assumed activity 
of the total stomach as 100 

Cardia 30 Jejunum 24 

Fundus 2 Ileum 44 

P\lorus 120 Large intestine 9 

Duodenum 35 
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It is Meulengiacht’s tentative belief that the anti-peinicious-anemia 
activity of the intestines is due to the piesence of the completed sub- 
stance, of the liver factoi 01 peihaps of an intei mediate product The 
obseivations of Castle support this view He found that piolonged 
washing of the ileum iemo\es its hemopoietic activity, which would 
lead one to considei that the principle is foimed elsewheie and is meiely 
absorbed by the intestinal wall lathei than secreted by it Meulen- 
giacht has ohseived also that the intestinal matenal possesses “a ceitam 
degree of thermostability,” which would indicate that it is a difteient 
substance fiom the intrinsic factor secreted by the stomach, as the lattei 
is easily destioyed by heat 

Kaufmann and Thiessen 2 studied the blood and the gasti ic seci e- 
tions of 48 patients with pernicious anemia and 168 of their blood i da- 
tives m ordei to obtain an idea concerning the familial incidence of the 
disease and mfoimation concerning its mode of transmission In 8 
families, oi 16 7 per cent, moie than one membei was found to have 
the disease, as follows “once in twin females, once among thiee biotheis 
and sisteis, twice m mother and son, twice in brotheis, once m biothei 
and sister and once m cousins ” The authoi s attribute the high incidence 
m then studies to (1) the fact that the relatives investigated had all 
leached the age when pernicious anemia commonly develops and (2) 
the fact that the hospitals (of Hambuig, Germany) bad excellent recoids, 
which made it possible to tiace the history of deceased lelatives The 
occunence of anacidity in 1 paient m each of 3 cases investigated in 
which both patents weie examined led them to conclude that pernicious 
anemia is transmitted as a dominant chaiacteristic They also conclude 
that m families theie may be persons who do not have fully developed 
pernicious anemia but are “carneis” of the disease fiom a hci editary 
standpoint These peisons may have glossitis, atrophy of the papillae 
of the tongue and eithei anacidity oi subacidity The occunence of 
essential hypochromic anemia m lelatives of patients with pernicious 
anemia is obseived too often for the association to be foiluitous As 
the authors do not believe that the two diseases can have the same 
extrinsic cause, they conclude that they must have a common, mhented 
one In suppoit of this view they state that they have obsened a 
patient with essential hypochromic anemia in whom pernicious anemia 
developed, which speaks for a pathogenic relation between the two 
diseases The authors aie in agreement with Castle that pernicious 
anemia is due to a diminution m secretion of the mtunsic factor, which 
they believe is an mhented dominant charactei istic It is emphasized, 
however, that this gasti ic deficiency can also be puiely exogenous m 
origin but that such an ongm is less impoitant 

2 Kaufmann, O , and Thiessen, K Hereditary Biology of Pernicious Anemia, 
Ztschr f him Med 136 474, 1939 
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Jahsman 3 reviews the histories of 223 cases of pernicious anemia 
observed at the Heniy Fold Hospital between 1926 and 1938 Some 
useful suggestions are made concerning therapy, which m his review 
are summarized under the title "Treatment of Pernicious Anemia” 
An idea of the incidence of the disease is given by the statement that 
theie was an aveiage of 2 2 cases of pernicious anemia foi every thousand 
new admissions to the hospital dunng the penod The disease occurred 
with equal fiequency m the two sexes, which is m accoid with the 
cunent opinions concerning sex distribution The age range was from 
17 to 81 yeais, most of the patients were aged 40 oi over The inter- 
esting obseivation is made, with which we are in agreement, that there 
is an mci easing numbei of patients m whom the disease develops while 
they aie m the eaily thnties or even youngei In this group, foi 
example, between 1926 and 1931, 10 pei cent of the patients were under 
40 yeais of age, 3 weie undei 30, the youngest being 29 In the new 
cases obseived between 1931 and 1938, 18 per cent of the patients weie 
under 40, 10 weie undei 35, 5 were undei 30 and the youngest was 17 
This tendency of a disease which is commonly considered to be limited 
to pei sons of middle age oi oldei to occm m youngei peisons appears 
to obtain with pernicious anemia as well as with othei diseases, such 
as coionaiy thiombosis While this obseivation aiouses considerable 
speculation, the real explanation is not appaient at present 

Davidson 4 piesents an admirable summary of the knowdedge con- 
cerning the factois involved in production of the maciocytic anemias 
and emphasizes the main types with illustiative case histones His 
review mei its a careful reading by all workei s m the field of hematology , 
the data aie well epitomized, and some engagingly piovocative state- 
ments aie made He considers that there aie many types of macrocytic 
anemia which have in common only the fact that the aveiage size of 
the erythiocyte is greater than normal Othei wise they differ m causa- 
tion, m lesponse to tieatment and in the blood picture In general, 
howevei, they can be divided into two groups 

Group 1 consists of maciocytic anemias developing fiom megalo- 
blastic bone marrow and consequent on a deficiency of a specific factor 
essential for the continuation of normal blood formation 

Gioup 2 consists of all maciocytic anemias which are due to a cause 
which difieis from that mentioned Such macrocytic anemias are 
relatively rare and result from widely differing causes In a majority 
of cases, however, the macrocytosis is secondary to "prolonged stimu- 
lation or irritation of the bone marrow ” Macrocytic anemias belonging 

3 Jahsman, W E Prevalence of Pernicious Anemia Review of Two 
Hundred and Twenty-Three Cases, J Michigan M Soc 38 405, 1939 

4 Davidson, L S P The Mechanism of Megaloblastic Blood Formation, 
Cambridge M J 64 474, 1939 
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to group 2 are piesent (a) with some forms of hemol) tic anemia, for 
example, acholuric jaundice, ( b ) occasionally m cases of malignant 
malaria and lead poisoning, (c) not infrequently m cases of aleukemic 
leukemia and the terminal stages of leukemia, and (d) in cases of 
Hodgkin’s disease and malignant disease with metastasis to the bone 
mai row 

The macrocytic anemias of group 2 may be differentiated from the 
true megalocytic anemias on three mam grounds (1) by recognition 
of the cause, (2) by full examination of the blood picture, which diffeis 
in important details in regaid to red blood cells, white blood cells and 
platelets, (3) by failure of the condition to respond to anti-pei mcious- 
anemia medication, and (4) by the favoiable effect of othei measures, 
such as splenectomy and irradiation Davidson aptly remarks that “all 
megalocytic anemias aie maciocytic, but all maciocytic anemias 

are not megalocytic ” 

The majoi portion of Davidson’s communication deals pnmanly with 
the anemias which arise from megaloblastic blood foimation The 
mechanism of this is discussed from the standpoint of Castle’s hypoth- 
esis, with which the authoi is in agieement The views of the authoi 
regarding the causes of these various anemias may be summanzed 
as follows 

Pernicious anemia develops m patients who aie boin with stomachs 
which fail to seciete first hydrochlonc acid, then enzymes and finally 
the intrinsic factoi The name pernicious anemia should be reseived 
for the megaloblastic anemia which arises from a loss of intrinsic factor 
in association with a constitutional defect m gastnc secretion The 
inability of the stomach to secrete hydrochlonc acid and the intrinsic 
factor is peimanent and meversible, hence substitution theiapy must 
be continued for life 

Davidson believes that pernicious anemia of piegnancy develops 
in a woman who has a latent constitutional factor m the stomach which 
is made apparent by the mci eased demands of the mother and the fetus 
foi the antianemia pi maple It is likewise consequent on lowering of 
gastric function, which constantly occurs during piegnancy Davidson 
intimates that possibly true pernicious anemia develops in such women 
twenty to thirty yeais aftei lecovery from the pernicious anemia of 
pi egnancy 

It is believed that m extremely raie instances maciocytic anemia 
may anse when there is a tempoiary loss of the intrinsic factor due to 
prolonged dietary deficiency and chionic gastritis The author presents 
what he consideis to be such a case, m which theie was a “peimanent 
cuie” of the megalocytic anemia, with return of free hydrochlonc acid 
m the gastnc secietions and leappearance of the intrinsic factor as 
proved by the biologic test 
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Pi oof that macrocytic anemia may develop from a lack of the 
extrinsic factoi is to be found in the occasional case m which the con- 
dition lesponds to oial ingestion of autolyzed yeast While such a 
deficiency is lare m tempeiate climates, it is apparently common in the 
tiopics The chaiactenstic featuies of tropical anemia are summarized 
by Davidson as follows The blood picture is identical with that of 
tiue pernicious anemia, the amount of hydiochlonc acid in the gastric 
secietions is usually noimal, there is no mciease in plasma bilirubin, 
lesions of the cential nervous sjstem nevei develop, and an excellent 
lesponse to autolyzed yeast occuis It is pnncipally foi the last reason 
that tiopical maciocytic anemia has been legal ded as a deficiency state 
due to lack of the extrinsic factoi 

Megaloblastic blood foimation maj lesult from failure of absorp- 
tion of the specific antianenna factor due to intestinal impel meabiht) , 
dial rhea 01 mechanical causes, such as fistulas of the bowel or short- 
circuiting opei ations 

Macrocytic anemia may develop in patients with disease of the liver 
when there is failuie of stoiage 01 of final synthesis of the antianemia 
factoi m that organ While this concept is accepted by Dawdson, he 
does not believe that the defect m storage can be solely responsible for 
the anemia m some cases, because m them there is partial or complete 
failuie to lespond to pai enteral liver theiap} It is possible in such 
instances that the livei may play some lole m final elaboiation of the 
antianemia pioduct and that this function is injuied in patients with 
disease of the liver Or, the suggestion is made, the failure to respond 
may be due to injury to the bone mariow from the toxic pioducts formed 
or letained as a result of failure of the liver 

Finally, the possibilit) of development of hypeiclnomic macrocytic 
anemia due to failure of the bone mariow to utilize the specific anti- 
anemia factoi (achresthic anemia) is discussed by Davidson He like- 
wise consideis the possibility that the absence of a favoiable lesponse to 
potent anti-pernicious-anemia therapy may be explained by exhaustion 
of the bone marrow (aplastic anemia) The final acceptance of the 
concept of achresthic anemia is held in abe>ance, however, pending 
additional studies 

Schenken, Stasney and Hall 5 report studies which are confmnatoiy 
of previous work indicating that the p}lonc and piepylonc regions are 
a souxce of the “intrinsic factor” An extiact was prepared from the 
liver of a patient whose death was due to caicmoma of the pyloric and 
prepylouc legions of the stomach No data, however, are given which 

S Schenken, J R , Stasney, J , and Hall, W K Lack of Antianennc Principle 
in Human Liver from Case of Carcinoma of Stomach, Proc Soc Exper Biol & 
Med 40 89, 1939 
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show that this patient had macrocytic anemia The liver extract from 
this patient failed to produce a reticulocyte response, whereas a similar 
extiact piepared fiom a patient who died from a cerebral hemorrhage 
was potent 

Biunschwig and his associates'* postulate that the achlorhydria 
invaiiably observed with pernicious anemia may be associated with the 
formation of some substance which, acting on the foveolar portions 
of the gastric glands or on the parietal cells themselves leads to inhibi- 
tion of the secretion of li)drochloric acid and its liberation as free acid 
In order to study this pioblem, gastric juice obtained from patients with 
pernicious anemia was injected intravenously into dogs with gastric 
pouches The changes in the gastric secietions collected from the 
pouches were noted after feeding The authors observed a transitory 
marked depression of the secretion m the pouch and achlorhydria (89 
per cent of the samples) when the gastric juice of 16 of 18 patients 
with pernicious anemia was injected intravenously Injection of gastric 
juice from a group of patients who did not have pernicious anemia 
caused similar gastric secretoiy inhibition m only 18 per cent of the 
tests It was determined that this secretory depressant effect of gastric 
juice is abolished by boiling for ten minutes The authors interpret 
their observations as suggesting that the gastric secretory depressant 
found m relatively high concentration m the gastric juice of patients 
with pernicious anemia lepresents a marked increase of a factor that 
may be normally present m relatively low concentrations m the gastric 
secretions of patients who do not have pernicious anemia 

It is stated by Dexter and his co-wwkers 6 7 that previous studies by 
various workers have demonstrated the effectiveness of preparations 
from the small intestines and colon of the hog m bringing about an 
increased production of blood in patients with pernicious anemia 
Rather than conclude that this indicates a secretion of the intrinsic 
factor by the intestines as well as by the stomach, these observers con- 
sider that this blood-forming activity may be due entirely to passive 
adsorption of the intrinsic factor which is formed m the stomach In 
support of this view they demonstrated that prolonged washing removed 
the hemopoietic activity of the lower half of the intestine, whereas a 
similar procedure had no effect on the stomach Washing did not 
remove the activity of the duodenal mucosa, but mincing and then wash- 
ing rendered it inactive, although similar treatment of stomach tissue 

6 Brunschwig, A , Van Prohaska, J , Clarke, T H , and Kandel, E A Secre- 
tory Depressant in Gastric Juice of Patients with Pernicious Anemia, J Clin 
Investigation 18 415, 1939 

7 Dexter, S 0 , Heinle, R W , Fox, H J , and Castle, W B Basis of the 
Hematopoietic Activity in Pernicious Anemia of Desiccated Hog Ileum, J Clin 
Investigation 18 473, 1939 
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did not have the same effect They demonstrated, furthermore, that 
the anti-pernicious-anemia effect of ileum is readily destroyed by boil- 
ing, which distinguishes it from the active thermostable principle in 
liver It is suggested that the hemopoietic ability of the ileum of the 
hog is due to passive adsorption of gastric secretion The authors 
are unceitam whether the activity of the washed duodenum is due to 
active secretion of the extrinsic factoi or to the ineffectiveness of the 
washing process m eliminating higher local concentration of adsorbed 
intrinsic factoi These experiments are illuminating, but they are diffi- 
cult to interpret, as so much depends on the differential effectiveness 
of “washing” in detei mining whether a material is secreted 01 absorbed 
by a tissue 

Fuither studies on livei are lepoited by Dakin and West, 8 who 
attempt to determine the chemical identity of the active principle con- 
trolling the legeneration of blood m patients with pernicious anemia 
They have previously shown that there is a substance m liver which 
has this effect, it is a peptide and in some respects resembles a typical 
albummose Kairei, Frei and Fritzsche 9 leport that the active sub- 
stance is a biuret-negative peptide with an elemental*}'- stiucture which 
resembles the product isolated by Dakin and West The present report 
of the latter two investigators shows that the hvei material active in 
subjects with pernicious anemia is piecipitated b} t}pical albummose 
pi ecipitants, such as bile, taurochohc acid and nucleic acid A furthei 
fact of additional interest is that the peptide which they have isolated is 
free fiom the nicotinic acid group 

Barker and Hummel 10 give a review of the hteiatuie and report 2 
new cases of macrocytic anemia associated with intestinal strictures and 
anastomoses This article is abstracted in consideiable detail because 
it discusses so thoroughly the entire pioblem regarding the relation 
of the macrocytic anemias to the intestinal tract and prevents a novel 
theory concerning the cause of pernicious anemia They state that the 
first instance of this association was lecoided by Faber 11 m 1895 Since 

8 Dakin, H D, and West, R Hematopoietic Substance in Liver, Proc Soc 
Exper Biol & Med 40 124, 1939 

9 Karrer, P , Frei, P , and Fntzsche, H Ueber emen Bestandtiel von gegen 
perniziose Anamie hochaktiven Lebertraten, Helvet chim acta 20 622, 1937 
Karrer, P , Frei, P , and Ringier, B H Bestandtede von gegen perniziose 
Anamie hcohaktiven Lebertraten II ibid 21 314, 1938 

10 Barker, W H , and Hummel, L E Macrocytic Anemia in Association 
with Intestinal Strictures and Anastomoses Review of Literature and Report of 
Two New Cases, Bull Johns Hopkins Hosp 64 215, 1939 

11 Faber, K Pernicious Anemia Due to Intestinal Trouble, Hospitalstid 3 
601, 1895, Perniciose Anamie bei Dunndarmstrikturen, Berl klin Wchnschr 34 
653, 1897 
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then, leviews by Meulengracht 12 in 1929 and by Huist 13 m 1933 have 
brought the number of recorded cases up to 39 The authois have 
collected 10 more cases from the literatuie and added 2 of their own, 
thus making a total of 51 cases foi considei ation 

In almost all such cases the symptoms are predominantly those of 
partial intestinal obstruction, namely, diauhea or intermittent diarrhea 
and constipation, distention, abdominal cramps and, less frequently, 
nausea and vomiting Usually there is marked loss of weight secondary 
to the gastrointestinal disturbances Barkei and Hummel state that 
the pathologic pictuie established by them at necropsy, by operation or 
by roentgen examination consisted of strictures of the large intestine 
m 7 cases, entei oenterostomy or enterocolostomy openings in 13, gastro- 
jejunocolic fistula m 4 and gastrocolic fistula in 1 The majority of the 
stuctures of the small intestine were located m the ileum, and of these 
about one half were definitely tuberculous in origin Certain of the 
nontuberculous stuctures were due to nonspecific terminal ileitis Anas- 
tomosis of various types was the abnormality in about one third of the 
cases, and this was most frequently either an enteroenterostomy or an 
enterocolostomy lesulting from surgical proceduies which had been 
pei formed for the lelief of intestinal obstiuction 

Anemia of the pernicious type was present m all cases, and in some 
it was severe, as was indicated by a red blood cell count below 1,000,000 
per cubic millimeter m 8 instances Macrocytosis was specifically men- 
tioned in a great majonty of cases, a mean corpuscular volume of over 
120 cubic micions was not unusual Forty -seven per cent of the patients 
had free hydrochlonc acid in the gastric juice, and it probably would 
have been detected in a laiger percentage if the analyses had been made 
after injections of histamine The presence of fiee hydrochloric acid m 
the gastric secretions of course sharply differentiates this type of macro- 
cytic anemia from tiue pernicious anemia, which is always associated 
with achlorhydria The intrinsic factor of Castle was tested for directly 
m only 2 cases In 1 it was present, and m the other it was absent 
The response to a diet rich in the extnnsic factor was interpreted as 
indirect evidence of absence of the intrinsic factor m 2 additional cases 

Studies of the ability of the body to absoib fat, dextrose and ascorbic 
acid were made m a few instances It was concluded from the some- 
what scanty available data that piobably defective intestinal absorption 
alone cannot explain the development of maciocytic anemia in this group 
of patients The paucity of the observations prevents definite acceptance 

12 Meulengracht, E Pernicious Anemia in Intestinal Stricture, Acta med 
Scandmav 72 231, 1929 

13 Hurst, A F A Case of Addison’s Anemia with Subacute Combined Degen- 
eration of the Spinal Cord and Normal Gastric Secretion Following Chronic 
Obstruction of the Ileum, Guy’s Hosp Rep 83 47, 1933 
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of this conclusion, but in our opinion such studies aie exceedingly 
important and are worthy of further investigation The authors concede 
that then infoimation is inadequate and that only tentative conclusions 
can be drawn from it They have not demolish ated conclusively that 
the patients fail to absoib the erythrocyte-maturing factoi 

The patients were divided into foui groups, depending on the type 
of treatment Group 1 (23 patients) leceived supportive tieatment for 
the most pait, and 22 died, 3 of the patients who were placed on milk 
diets weie tempoianly benefited This suggests to us that the protein 
of the milk, peihaps acting as the extnnsic factoi, was the component 
lesponsible for the improvement m these patients Gioup 2 included 
9 patients who weie treated by vanous surgical pioceduies, 5 died so 
soon after the operation that no conclusion could be diawn regaidmg 
the effect on the anemia The 4 who suivived showed striking sympto- 
matic and hematologic impiovement after opeiation In 2 additional 
cases an lleocolostomy was perfoimed to cncumvent stnctuies of the 
terminal poition of the ileum The immediate lesults weie excellent, 
but sufficient data veie not available to deteimme whethei relapses 
occuired The authois stress the fact that maciocytic anemia may 
develop after an anastomosis has been pei formed to cncumvent stnc- 
tures, which is impoitant from the standpoint of piactical therapeutic 
management Gioup 3 was made up of 9 patients who were tieated 
with liver alone Six of these showed sti iking impiovement, 3 of whom 
gave satisfactory responses to oral administiation of livei prepaiations 
The results observed in these 3 patients lead the authors to conclude 
that there was no marked disturbance of intestinal absoiption m these 
cases Group 4 included 10 patients who weie unsuccessfully treated 
by surgical intervention and weie then given liver theiapy 

The conclusions drawn concerning vanous types of therapy for 
“strictui e anemia” are as follows 1 Without surgical oi anti-pernicious- 
anemia therapy, the outlook foi impiovement is very pool 2 A high 
operative mortality is associated with the surgical procedures employed 
to correct the intestinal abnoimahties 3 Elimination of the abnormal 
intestinal condition maj oi may not be followed by complete cui e 4 An 
anastomotic operation designed to cncumvent a stricture is less likely 
to succeed than is resection of a stncture oi lestoiation of the noimal 
continuity of the bowel when an anastomosis is the offending lesion 
5 Although liver therapy may conti ol the anemia, it cannot be expected 
to relieve the symptoms due to partial intestinal obstruction 6 Suigical 
treatment is indicated for all patients with stnctuies and foi young 
patients with anastomoses 7 Livei theiapy alone is indicated foi older 
patients with well functioning anastomoses in whose cases the opeiative 
risk is great 
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The authois do not believe that the condition of then patients lepre- 
sents a coincidental association of an intestinal lesion with addisonian 
pernicious anemia This is because in a numbei of cases fiee h)dro- 
chlouc acid was present in the gastnc secietions, in a few theie was 
evidence that the mtiinsic factoi of Castle was piesent m the gastnc 
secretion and, finally, suigical coirection of the lesion was followed by 
disappeaiance of the maciocytic anemia Among other mechanisms 
which may have caused the maciocytic anemia is deficient absoiption 
of the hemopoietic pi maple, such as occuis in cases of sprue It is 
conceivable that ententis due to stagnation occuiung above stnctures 
01 in slioi t-circuited loops may intei fere with absoiption of this sub- 
stance Evidence against this is furnished by data indicating that m 
some cases absoiption of dextiose, fat and the active principle of liver 
was unimpaired In some patients a deficiency of the extrinsic factor 
in the diet may play an etiologic lole, if this is tiue, it is probably of 
secondaiy unpoitance It is not consideied that extensive damage to 
the livei was important in the causation of anemia m these cases 

Accoidmg to the authois, this leaves foi consideiation the possibility 
that excessive bacterial activity in the intestinal tiact may have been 
the cause of the maciocytic anemia Such a pathologic change could 
act (1) by preventing foimation of the hemopoietic factoi or destioy- 
mg it or (2) by elaboiation of an excessive amount of the “toxic pioducts 
of bactenal putrefaction,” which cannot be neutralized by the detoxifying 
mechanisms of the body 

Faber, in 1895, was the fust to ascnbe the macrocytic anemia 
associated with stricture of the small bowel to absoiption of a toxin 
from the stagnant intestinal contents Meulengiacht m 1921 stated 
that such an anemia is piobably due to absoiption of “hematoxic sub- 
stances” from the dilated and infected poition of the bowel above the 
stricture Furthermore, m his opinion such a condition suppoits the 
theory of the intestinal origin of cryptogenic pernicious anemia The 
experimental production of intestinal stncture in dogs, the treatment 
of “idiopathic” pernicious anemia by ileostomy and colonic lrngations 
and the study of pathologic floia m the gasti omtestmal tiact have all 
furnished suggestive evidence favonng the enterotoxic theory of per- 
nicious anemia 

Even with the acceptance of Castle’s woik, which indicates that 
pernicious anemia is a deficiency disease or at least a “conditioned defi- 
ciency state,” the authors maintain that the action of the liver principle 
is still far from clear They suggest that there is evidence to support 
the contention that the liver principle may be necessary to promote 
pioper detoxification of some chemical compound or compounds which, 
if unneutralized, might give use to a vanety of haimful changes through- 
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out the body On this basis it may be assumed that the beneficial eftects 
of liver therapy may be due to the ability of the liver principle to detoxify 
the excess of toxins absorbed fiom stagnating intestinal contents m 
subjects with strictures 01 anastomoses of the small intestine If this 
hypothesis were applied to the development of addisoman pernicious 
anemia, it would be assumed that there is a failure of the body to synthe- 
size the detoxifying principle m sufficient amounts to neutralize the toxic 
substance noimally absorbed from the intestinal tiact when stagnation 
is not necessarily a factor 

We have been mteiested for a numbei of years m the mechanism 
of production of maciocytic anemias associated with abnormalities of 
the small intestine It appears to be cleaily established that there is a 
causal relation and that the final proved explanation will piovide impor- 
tant new information legarding the causation of the macrocytic anemias 
Superficially, it is logical to assume that the anemias associated with 
intestinal anastomoses aie due to a failure m normal absorption of the 
active principle of liver, although Baiker and Hummel appear to have 
accumulated some evidence against such an mtei pi etation The theory 
which has a bearing on the cause of the macrocytic anemia associated 
with intestinal strictures, although it may not be ultimately substan- 
tiated, is a rational one which should provoke fuithei promising etiologic 
studies 

Alsted 14 is m agreement with Castle and his collaboiatois that true 
addisoman pernicious anemia is due to a lack of “mtnnsic factoi,” which 
is derived from the stomach There is less adequate evidence, however, 
to prove that a similar condition can lesult exclusively from a lack of 
the “extrinsic factoi” in the diet We are in accord with the statement 
that m tempeiate climates cases of such a condition appeal to be 
extremely raie, on the other hand, it is said that they occur moie fre- 
quently m the tropics A statement which seems applicable to the 
theories regarding the cause of the tropical macrocytic anemias is that 
“m the tropics conditions are difficult to gauge, it is often 

impossible to detect the single dietary deficiency causing anemia, and, 
furthermore, various infections may influence the aspect of the blood ” 
Alsted reports 1 case of macrocytic anemia, stating that many facts 
make it highly likely that the anemia was due to a deficiency exclusively 
of the extrinsic factor in the food 

The patient, a man aged 43, had seveie anemia (red blood cell count, 
1,300,000 per cubic millimeter) , a high color index, pronounced glossitis, 
the characteristic picture of pernicious anemia on sternal puncture and 
the classic Pnce-Jones distribution curve were piesent Against the 
diagnosis were a noimal icteric index and the presence of free acid m 

14 Alsted, G Exogenous Pernicious Anemia, Am J M Sc 197 741, 1939 
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the gastric secietions We note with intei est, howevei, the complete 
absence o£ aci oparesthesia, which in oui experience is piesent in 90 
pei cent of patients with true addisoman anemia Thoiough exami- 
nation failed to disclose evidence of idiopathic steatorrhea, intestinal 
stuctuie, intestinal paiasites, pellagia, syphilis, tubeiculosis, chronic 
nephutis, Hodgkin’s disease 01 any othei of the diseases that are occa- 
sionally accompanied with maciocytic anemia No specific mention is 
made, however, of the possibility of extensive disease of the livei 01 
of the employment of tests of hepatic function Some believe that 
maciocytic anemia can lesult fiom a pathologic change in this oigan 

The patient had been on a lestucted diet foi seven 01 eight yeais, 
which was deficient m meat, eggs and nnllc The authoi legards these 
substances as the chief sources of the “extnnsic factor” A minute 
dietai}' histoiy disclosed that theie was no deficiency of the known 
vitamins, although there was a loweied intake of calcium and phos- 
phorus According to the author, conclusive evidence of the lack of 
“extnnsic factoi” was obtained when a complete 1 emission, including 
a leticulocyte lesponse, followed “tieatment with nothing but ‘extnnsic 
factoi’ and plenty of ordinal y food” The patient lemamed well seven 
months latei despite the fact that he did not take any medicine, meiely 
continuing to consume a well balanced diet It is of intei est that theie 
was complete restoiation of the gastnc secietion to noimal The sug- 
gestion is offeied that a deficiency of the “extrinsic factoi” causes 
achylia and that this m turn lesults in impaned absorption of the already 
scantily available extrinsic factor and of the eventually formed anti- 
anemia factoi The author concludes with the interesting speculative 
statement that “exogenous pernicious anemia” occurs moie frequently 
than is geneially believed Its piesence is obscured, however, because 
liver and stomach prepaiations aie equally effective foi the exogenous 
and the endogenous foim 

The studies of Wmtrobe 15 on the anti-peimcious-anemia effect of 
yeast resulted fiom his obseivation that diets “supposedly” lacking in 
the “extnnsic” factoi failed to pioduce maciocytic anemia m animals 
In seal clung for the cause of failuie of these experiments, he found m 
testing each constituent of the diet fed to the animals that brewers’ 
yeast when given to a patient with pernicious anemia caused a well 
marked hemopoietic effect Studies were then begun to determine ( 1 ) 
whether oral admimstiation of yeast legularly causes a hemopoietic 
effect m patients with pernicious anemia, ( 2 ) whether the potency of 
yeast can be enhanced by prelimmaiy mixing with gastric juice, ( 3 ) 
whether the antianemic effect of yeast is dependent on the persistence 

15 Wintrobe, M M Antianemic Effect of Yeast, Am J M Sc 197 286, 
1939 
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of the mtimsic factoi in the patient, and (4) the natuie of the active 
substance m yeast and its relation to the antianemia pi mciple contained 
m Lver 

An excellent leview of the liteiatuie dealing with the effectiveness 
of yeast m the treatment of pernicious anemia is given Fiom this it is 
concluded that autolyzed yeast in amounts of 45 Gm or moie daily 
was effective m about one thud of the cases of pernicious anemia in 
which it was tested Smallei doses weie effective aftei incubation 
with gastric juice It appeals to have been assumed without adequate 
study that nonautolyzed yeast does not possess antianemia potency 

After studying the effect of nonautolyzed ) east on patients in relapse 
(m doses of 1 to 2 Gm per lulogiam of body weight daily and a mainte- 
nance dose of 0 3 to 0 8 Gm per lulogiam daily), it was concluded that 
dehydiated bieweis’ }east given orall) “may” cause a hemopoietic 
response m cases of pernicious anemia which is as gieat as that pro- 
duced by oi al adnumstiation of livei extiact denved from a quantity 
of livei two to eight times the weight of the bieweis’ yeast used In 
the opinion of the authoi, the effectiveness of yeast may be due to its 
high concenti ation of extrinsic factor This may leact with even a 
minute amount of mtimsic factoi, which is known to be present m the 
gastnc secietions of some patients with pernicious anemia Another 
equally plausible explanation, however, is that the antianemia factor 
m yeast diffeis from that in beef muscle not only quantitatnely but 
qualitatively Accoidmg to Wmtrobe, this statement is supported by 
his obseivations that yeast lesembles m its antianenna effect the factor 
or factoi s m livei and desiccated hog stomach when given orally It is 
his opinion, fuitheunore, that since knowledge of the physiologic dis- 
tui bance associated with pernicious anemia and of the chemical nature 
and mode of action of the “extnnsic,” “mtimsic” and “antianemic” 
principles is imperfect, one is not justified m drawing conclusions con- 
cerning the nature of the antianenna mateiial m yeast There is no 
positive evidence that the yeast factoi is one of the B vitamins Foi 
this purpose, studies have also been made of souices of these vitamins 
other than yeast, which include obsenations on the hemopoietic effect 
of wheat embryo, egg white, uce polishings, riboflavin and nicotinic 
acid It has not been demonstiated that there is a i elation between 
any one of the B vitamins and the antianenna substance 

Wintiobe, Samter and Lisco 16 have attempted to pioduce m young 
pigs a condition similar to pernicious anemia in man by giving a diet 
adequate m all respects except in some factoi supplied by brewei s’ yeast 

16 Wmtrobe, M M , Samter M , and Lisco, H Morphologic Changes in 
Blood of Pigs, Associated with Deficiency of Water-Soluble Vitamins and Other 
Substances Contained in Yeast, Bull Johns Hopkins Hosp 64 399, 1939 
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Although anemia of vanable seventy and degiee of macrocytosis 
appealed m the animals, the lesults weie equivocal so fai as pioduction 
of the chaiactenstic blood picture of pernicious anemia was concerned 
The piesent studies confiim those made m 1938, m which a dietaiy 
deficiency was followed appaiently by changes m the posterior columns 
of the spinal coid, the peripheial neives and the “doisal root ganglion 
cells ” 17 Although their observations do not disprove that thiamine, 
riboflavin and nicotinic acid have an effect on blood foimation, the 
authois conclude that the anemia which they obseived appealed to be 
due to some other component of yeast In 4 animals with anemia pro- 
duced by the method just descnbed, yeast therapy was followed by 
reticulocytosis and partial or complete relief of the anemia A punfied 
livei extract had no effect, and a ciudei extract was used, likewise 
without i esult , but it is possible that an infection in the animal inhibited 
the response 

Heinle and Millei, 18 after studying the lesponse of patients with 
pernicious anemia to yeast, do not agree with Wmtiobe and his asso- 
ciates 17 that this matenal contains some hemopoietic factor specific for 
the disease In 2 patients with pei mcious anemia a reticulocyte response 
was obtained after the administration of dried bieweis’ yeast This 
response was neither as gieat as that evoked with a minimal amount of 
ventnculm calculated to produce maximal leticulocytosis nor as gieat 
as that lesultmg from daily mtiamusculai injections of unconcenti ated 
livei extract It was considered by these observers that the lesponse 
to yeast resulted from admimstiation of an excess of extnnsic factoi in 
the presence of gieatly diminished but not completely absent mtimsic 
factoi It is then conclusion that the assumption that yeast contains 
a hemopoietic substance which is specific foi pernicious anemia is 
unnecessaiy 

Foy and Kondi, 19 m studying nutritional maciocytic anemia as seen 
m Macedonia, obseived that it responds equally well to a highly concen- 
trated liver extiact and to less punfied preparations This woik sug- 
gests that the conclusion of Wills and Evans (1938) and Napier (1939) 
that tropical maciocytic anemia as seen m India is not benefited by highly 
punfied livei extiacts does not apply to the type of nutritional anemia 

17 Wmtrobe, M M , Mitchell, D M , and Kolb, L C Sensory Neuron 
Degeneration m Vitamin Deficiency Degeneration of Posterior Columns of Spinal 
Cord, Peripheral Nerves, and Dorsal Root Ganglion Cells in Young Pigs Fed Diet 
Containing Thiamin (Bi) and Riboflavin But Otherwise Deficient in Vitamin B 
Complex, J Exper Med 68 207, 1938 

18 Hemle, R W , and Miller, F R Yeast as Extrinsic Factor m Relation to 
Pernicious Anemia, J Clin Investigation 18 257, 1939 

19 Foy, H , and Kondi, A Response of Nutritional Macrocytic Anaemia to 
Anahaemm, Lancet 2 360, 1939 
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treated by Foy and Kondi Furthermoie, the condition in India differs 
m other respects, as a high mdiiect van den Bergh leaction is lare, 
and glossitis is common 

An investigation was made by Wigodsky, Richtei and Ivy 20 to 
determine whethei the fetal hvei contains the anti-pei nicious-anemia 
factoi Accoidmg to them, it is likely that the fetus is entnely lacking 
m the extimsic factor except for that present m the amniotic fluid and 
m the small amount of detritus which collects in the gastrointestinal 
tract It is improbable, howevei, that either of these serves as a source 
of the extnnsic factoi Although these two statements may be collect, 
pi oof is not presented by the authors Such an assumption seems some- 
what lisky to us, as the exact nature of the extnnsic factor is unknown 
at piesent The piompt reticulocyte i espouses togethei with the return 
to noimal blood pictuies m 3 cases gave indisputable proof of the 
piesence of the anti-pernicious-anemia principle in fetal bovine livers 
Since it is assumed that the fetus is completely lacking in the extnnsic 
factor, it is suggested that the anti-pemicious-anemia principle is con- 
veyed to the fetal livei by passing fiom the cnculation of the mother 
through the placenta into the fetal cnculation This conclusion is in 
accord with the view that withdrawal of the anti-pei nicious-anemia 
principle by the fetus may be one cause of the maciocytic anemia of 
pregnancy It is interesting to note that theie is a vanance between 
the results observed by these authoi s after admmistei mg bovine liver and 
those obtained by Wmtiobe, Kinsey, Blount and Tiager, 21 who con- 
cluded that extracts of fetal swine liver weie without effect when 
administered to patients with pernicious anemia The authors are unable 
to account for this difteience in lesults but suggest that (1) there may 
be a difference in permeability of the placenta of the pig and that of the 
cow or (2) the livei factor which is effective m the tieatment of per- 
nicious anemia is not required by the fetus foi the matuiation of red 
blood cells This suggestion leceives some suppoit fiom the observation 
of Ivy and otheis that the injection of potent livei extract into preg- 
nant rats and rabbits failed to i educe the size of the led blood cells of 
the newborn It should be noted, howevei, that Stasney, Fliggms and 
Mann 22 have demonstrated that a concentrate of noi mal human or 

20 Wigodsky, H S , Richter, O , and Ivy, A C Presence of Anti-Pernicious 
Anemia Factor in Extract of Fetal Bovine Livers, Am J M Sc 197 750, 1939 

21 Wmtrobe, M M , Kinsey, R E , Blount, R E, and Trager, W Studies of 
Blood Formation in the Fetus and Newborn III Relation of Anti-Anemic Princi- 
ple, Assay of Fetal Liver and Placental Extracts m Cases of Pernicious Anemia 
and in Mosquito Larvae, Am J M Sc 193 449, 1937 

22 Stasney, J , Higgins, G M , and Mann, F C Effect on Developing Red 
Blood Cells in Fetus of Administering Human and Hog Gastric Juice to Adult Rat 
During Pregnancy, Am J M Sc 197 690, 1939 
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swme gastnc juice injected mtiapeutoneally into pregnant lats reduced 
the diameteis of the led blood cells m newborn pups 

Stasney, Higgins and Mann 22 have employed the novel method 
of obseiving the effect of anti-peinicious-anemia substances m the 
physiologic maciocytosis of fetal white lats as a test foi the pi maples 
governing hemopoiesis This is based on the suggestion of Wmtrobe 
and Schumachei that the macrocytosis observed m patients with per- 
nicious anemia and that obseived m fetal blood may both result from 
an inadequate amount of the essential antianemia pnnciple The technic 
used m the piesent investigation was to study the effect on the 
eiythiocytes m young lats at bnth of injecting concentrated noimal 
gastnc juice of man and swme into piegnant lats The authois dis- 
covered that both human and swme gastnc juices contain a substance 
which when injected into the pregnant adult lat acceleiates the reduc- 
tion m size and volume of the developing red blood cells of the newborn 
lat Furtheimore, it is concluded that these changes m the eiythro- 
cytes are piopoitional to the amount of gastnc juice given to the adult 
rat during pregnancy and that the active substance is thermolabile As 
a lesult of these experiments the authors suggest that the physiologic 
maci ocytosis which occurs normally in the mammalian fetus may be 
due to an inadequate amount of the antianemia pnnciple provided by 
the mother The possibility that this effect on the fetal led blood cells 
may be utilized as a method of assaying the potency of the antianemia 
principle is consideied It is stated that the leaction is definite and that 
the extent of the decrease in size of the cells bears a dnect 1 elation to 
the amount of the pnnciple admmisteied Additional study, howevei, 
is desirable m order to evaluate their method of hioassay 

In cases of untieated pernicious anemia, Schmdlei and Serby 23 by 
means of the gastroscope observed superficial gastntis, superficial gastritis 
plus atrophic gastritis and patchy or diffuse atrophy After treatment the 
pathologic process peisisted, disappeared or piogiessed These authors 
confirm the previous observations of otheis that mucosal polyps are fie- 
quently present m the stomachs of patients with pernicious anemia 
A case of pernicious anemia unassociated with achlorhydria is 
reported by Fmney 24 From the description it seems likely that hepatic 
disease was piesent 

Statistical data on the incidence of symptoms m 580 patients with 
pernicious anemia aie given by Isaacs 2G Of these, ease of fatigue was 

23 Schindler, R , and Serby, A M Gastroscopic Observations m Pernicious 
Anemia, Arch Int Med 63 334 (Feb ) 1939 

24 Fmney, J O Pernicious Anemia Unassociated with Achlorhydria, Ann 
Int Med 12:1521, 1939 

25 Isaacs, R Diagnosis and Treatment of Pernicious Anemia, J Indiana 
M A 32 607, 1939 
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outstanding in 85 1 pei cent, numbness, m 812 pei cent, tingling of 
the fingers and toes, m 74 3 pei cent, shoitness of breath, in 64 3 per 
cent, symptoms refeiable to the stomach, in 62 6 per cent, constipation, 
in 54 3 per cent , palpitation, m 49 3 pei cent , edema, m 43 9 per cent , 
loss of appetite, in 43 9 pei cent , difficulty m walking, in 43 6 pei cent , 
symptoms refeiable to the bladder, in 35 0 per cent, dizziness, in 27 9 
pei cent, pool memoiy, m 26 8 pei cent, dianhea, in 26 5 pei cent, 
pam, m 20 3 pei cent, and stiffness, m 12 2 pei cent In most of the 
patients the disease developed between the ages of 35 and 65 }ears, 
with the peak of the distribution cuive at 55 yeais It appeared with 
equal fiequency in the two sexes The average length of the eai for 
the men was 7 cm and foi the women 6 5 cm , as compai ed with 6 7 
and 61 cm lespectively foi the geneial population For tieatment, 
2 to 5 units of an antianenua medicament per day is lecommended for 
veiy sick pei sons, with a maintenance dose of usually not less than 1 
unit a day Basophilia of the granules of the neutiophils, indicating 
pyogenic infection, calls foi an mciease to 3 to 5 units a day Moore, 
Ariowsmith, Welch and Mmnich 20 found that with patients with addi- 
soman pernicious anemia m i elapse theie was no demonstrable increase 
in the elevated values foi seium non when feirous salts weie given 
oi ally However, aftei a i emission induced by admmisti ation of liver 
noimal absorption cuives were noted, suggesting the possibility of 
selective absorption or i ejection of iron by the mucosa of the intestine, 
depending on the state of the tissues 

Jacobson 27 suggests that the argentaffin cells of the stomach aie 
possibly the ones which secrete the antianenua enz)me They are 
located in the places wheie the enzyme is secreted, and they are absent 
or greatly i educed in number in cases of pernicious anemia and sprue 
Their number was not observed by Jacobson to be diminished m cases 
of “secondary anemia” or of macrocytic anemia not responding to liver 
exti act 

Berlin 28 found that during a i elapse the blood of a patient with 
pernicious anemia contains less hemolytically active lysocitlnn than does 
normal serum This probably results from the i educed function or 
lack of lecithinase, which the lysocitlnn foi ms from the seium lecithin 
During remission the level of blood lysocitlnn returns to noimal 

26 Moore, C V , Arrovvsmith, W R , Welch, J, and Minmch, V Studies in 
Iron Transportation and Metabolism IV Observations on the Absorption of Iron 
from the Gastro-Intestinal Tract, J Clin Investigation 18 533, 1939 

27 Jacobson, W The Argentaffine Cells and Pernicious Anaemia, J Path & 
Bact 49 1, 1939 

28 Berlin, R Ueber die Herabsetzung des Hamolysingehalts und das Fehlen 
der spontanen Hamolysinbildung lm Serum bei Anaemia perniciosa, Acta med 
Scandinav 98 425, 1939 
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Biunei 20 found that the leukocytosis following injection of livei 
extiact is not specific foi the anti-pei mcious-anemia factoi The leuko- 
cytosis is not due to active gianulopoiesis hut to a redistnbution in the 
capillaiy bed 

Schultz 30 found high concenti ations of glutathione m the erytlno- 
cytes of patients with pernicious anemia or with myelogenous leukemia 
With the foimei condition theie w^as a diop m both the total concenti a- 
tion of glutathione and the oxidized fi action aftei tieatment, which 
induced consideiable clinical impiovement without causing the red blood 
cell volume to leach noimal 

While sodium nucleinate and pentose nucleotide induce penpheial 
leukocytosis with hastened matui ation of granulocytes m the maiiow, 
Noidensou 31 found that this reaction does not take place m cases of 
infection oi of pernicious anemia 

V eer 32 feels that the red pi ecursoi of melanin may be of importance 
as an antianemia pi maple in cases of pernicious anemia and that pie- 
melanm may play a part m hemopoiesis 

Stui gisp 3 m an analysis of the cause of death of 147 patients with pei- 
mcious anemia (90 men and 57 women), found that only 32 pei cent died 
of lesions directly associated with pernicious anemia, these weie mostly 
complications referable to the spinal coid Involvement of the central 
neivous system and complications ref ei able to the bladdei indicated an 
unfavoiable piognosis Of the deaths not due to pernicious anemia, 
heait disease, cancel, apoplexy, pneumonia, tiauma and nephntis v r eie 
piominent causes At the end of thiee yeais, 63 per cent of the tieated 
patients were alive (as compaied uuth 24 pei cent m Cabot’s 1915 
summary), and 35 pei cent were still living at the end of five years 
(Cabot’s series, 11 pei cent) 

High values foi blood magnesium chaiactenze pernicious anemia 
m relapse, but Bang and piskov 34 found that noimal values were 
piesent dui mg i emission On the basis of the magnesium studies the 
authors conclude that m pernicious anemia there is a shoit life of the 

29 Bruner, H D Leukocytosis Following Parenteral Administration of Liver 
Extract in Man, Am J Physiol 127 58, 1939 

30 Schultz, M P The Concentration of Glutathione in the Erythrocytes of 
Patients with Rheumatic Fever, Pub Health Rep 54 264, 1939 

31 Nordenson, N G Experimental Leucocytosis m Man, Quart J Med 8 311, 
1939 

32 Veer, W L C Melanin et ses precurseurs, Rec d trav chim d Pays- 
Bas 58 949, 1939 

33 Sturgis, C C An Analysis of the Causes of Death in One Hundred and 
Fifty Fatal Cases of Pernicious Anemia Observed Since 1927, Tr A Am Physicians 
54 46, 1939 

34 Bang, 0 , and 0rskov, S L The Magnesium Content of the Erythrocytes 
in Pernicious and Some Other Anemias, J Clin Investigation 18 497, 1939 
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led blood cells with an mci eased late of destiuction Remission is 
the result of stabilization of the led blood cells 

Pennetti 35 found that while the oxalic acid content of the blood 
m cases of hypochromic anemia and of the anemia of hemoirhage is 
within noimal limits, m cases of pernicious anemia, of hepatic insuffi- 
ciency and of phenylhydrazme anemia it is increased 

In patients with anemia, Ellis and Faulkner 30 found common cncula- 
toi}' characteristics to be caidiac enlargement, systolic murmurs, 
lowenng of the systolic and diastolic piessures and abnormal electro- 
cai diogi aphic lecoids (depiession of the S-T segment and flattening 
or invasion of the T waves in lead I oi in leads I and II) After 
treatment, as in cases of pernicious anemia, many of these abnormalities 
disappeai oi become less maiked 

Cotti 37 lepoits that m cases of hemolytic icteius and pernicious 
anemia there is an increase m the exctetion of poiphynn which appears 
to be independent of the amount of hemolysis 

In order to develop a foimula which would lepresent reticulocyte 
pioduction m terms of the time necessaiy to complete the leticulocyte 
i espouse, Fnedman, Isaacs and Lufkin 38 found the “average daily 
reticulocyte per cent ” This figure which increases with the decrease 
in the erythrocyte count on the day that tieatment was started (Eo), 
is expressed by the formula - 2Q ^ ^ It takes into account the 

varying periods lequired m different cases to complete the “leticulocyte 
response ” 

Paddock and Smith 80 found that the thrombopema associated with 
pernicious anemia m relapse is not a differentiating feature fiom other 
macrocytic anemias After theiapy the increase of platelets is parallel 
to that of erythrocytes 

Patrassi and Crepet 40 descube a patient with splenomegaly and 
hyperchromic anemia of the pernicious anemia type in whose case hepato- 

35 Pennetti, G Metabolismo dell’ acido ossahco ed emopatie, Haematologica 
20 153, 1939 

36 Ellis, L B , and Faulkner, J M The Heart in Anenua, New England 
J Med 220 943, 1939 

37 Cotti, L Ricombio emoglobmico e ricambio porfirinico in condizioni 
anemiche con particolare riguardo all’anemia perniciosa Nota prehminare, Boll 
Soc ital biol sper 14 710, 1939 

38 Fnedman, A , Isaacs, R , and Lufkin, A “The Average Daily Reticulo- 
cyte Response” During Therapy in Pernicious Anemia, J Lab & Chn Med 24 
677, 1939 

39 Paddock, F K , and Smith, K E The Platelets in Pernicious Anemia, 
with a Review of the Literature, Am J M Sc 198 372, 1939 

40 Patrassi, G, and Crepet, M Sulle reticolo-endoteliosi ad orientamento 
megaloblastico (splenomegalia permcioso-emolitica e leucemia monocitica a screzio 
eritremico), Haematologica 20 301, 1939 
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theiapy gave mediocie lesults, while splenectomy was followed by 
improvement Similar cases m the liteiatuie aie classed according to 
the prevalence of one of the component factors, such as hemolytic icterus 
Even after disappeaiance of the collateral symptoms (achylia, glossitis) 
the disease continues to lesemble pernicious anemia Histologic studies 
of the spleen as well as of an enlarged axillaiy lymph node in the authors’ 
case revealed hyperplastic reticuloendotheliosis localized piedommantly 
01 exclusively in the spleen, on which depended the myeloblastic trans- 
foi mation and the hyperhemolytic syndrome These conclusions agree 
with the interpretation of pernicious anemia as a foim of hemohistio- 
cytosis (Feirata) Patiassi and Ciepet considei that megaloblastosis 
may be considered a sign of activation of the reticuloendothelial system 
and may be compared with the various systemic hematopatlues, with 
more 01 less marked pai ticipation of the reticuloendothelial system 
Middleton and Wakerlm, 41 in studying the effect of liver extract 
on Paramecium, found that it did not change the rate of fission signi- 
ficantly In high concentration and with inactivated liver extract the 
late of fission was delayed 

Tschesche and Wolf 42 prepared an active liver extiact, of which 
40 mg was a sufficient maintenance dose for a patient for foui weeks 
aftei injection There was little or no biuret reaction, and a mnhydrm 
reaction occurred before and after hydrolysis The material was a white 
powdei giving a slightly colored solution The composition was 
carbon, 50 per cent, hydrogen, 7 per cent, nitrogen, 14 5 per cent, and 
sulfui , 0 6 per cent The substance is precipitated by Remecke’s acid, 
by rhodanihc acid and by one-half to two-thirds saturation with ammo- 
nium sulfate It does not dialyze through heavy parchment The 
Molisch, Millon, acriflavme, purine, ptenne, reduced sugar and phos- 
phouc ester reactions are negative 

Murphy and Howard 43 repoi t the almost unique experience of being 
able to maintain 133 patients with pernicious anemia at an erythrocyte 
level of 5,000,000 per cubic millimeter by intramuscular injection of a 
liver extract at average mteivals of three and seven-tenths weeks and 
at intervals of three and six-tenths weeks with a more concentrated 
extract They found that neither sex nor age definitely influences the 

41 Middleton, A R , and Wakerlm, G E Effect of Patenteral Liver Extract 
on the Fission Rate of Paramecium Caudatum, Proc Soc Exper Biol & Med 
42 442, 1939 

42 Tschesche, R, and Wolf, H J Ueber den Wirkstoff der Leber gegen 
perniziose Anamie, Naturwissenschaften 27 176, 1939 

43 Murphy, W P , and Howard, I Use of Concentrated Liver Extracts in 
Pernicious Anemia Survey of Maintenance Tieatment of One Hundred and 
Seventy-Six Patients Undei Continuous Observation for from Six Months to Six 
and One-Half Years, JAMA 112 106 (Jan 14) 1939 
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amount of anti-peimcious-anemia substance necessary for maintenance, 
although 27 patients above 70 yeais of age lequired injections at intervals 
of two and foui -tenths weeks to maintain an aveiage led blood cell 
count of 4,590,000 pei cubic millimeter, as compared with 5 patients 
youngei than 39 )eais who lequned injection at mteivals of four and 
one-tenth weeks to maintain a led blood cell count of 5,250,000 “Treat- 
ment,” they conclude, “should be individualized according to each 
patient’s needs, detei mined on the basis of the patient’s clinical con- 
dition and eiythrocyte counts made at desirable intervals ” 

In the early tieatment of pernicious anemia, Jahsman 3 gives 195 
U S P units paienteially the hist week, 45 units the second week and 
15 units each week theieaftei until the led blood cell count leaches 
4,500,000 per cubic millimeter, which usually lequnes six to eight weeks 
The maintenance dose lecommended by Jahsman is 15 units twice a 
month Laiger doses aie lequired when infection is piesent Adequate 
liver theiap}' will pi event the development or piogiess of changes m 
the spinal coid, but when changes in the cential neivous system are 
maiked, laige doses of liver extiact aie needed Jahsman feels that 
non, dilute hydrochloric acid, vitamin medication, physical therapy and 
blood transfusions have a definite place in cei tain cases and at the propel 
time Vitamin B x oi vitamin B, pioved to be valuable in tj eating the 
neuial lesions associated with pernicious anemia when given parenterally 
m doses of 2 mg foi thuty injections and of 10 mg foi twenty-four 
injections m a three month penod by Mussio-Fourniei and Rawak 41 
The treatment was effective even aflei five oi six yeais of the disease, 
and amelioiation of the neivous symptoms appeared even befoie the 
blood had letumed to noimal 

In subjects with pernicious anemia the bone mairow of the femui 
was found by Keilhack 45 to have noimal amounts of “piotein” but an 
excess of “albumin ” 

Jones ' G describes the leactions of 2 Negio patients to injections of 
Iivei extiact The first showed uiticana aftei the injections, the second, 
a leaction involving the vasculai, gastrointestinal and lespnatoiy 
appaiatus Cutaneous reactions and leagms to the Iivei extiact weie 
demonstrated Such sensitivity disappeais aftei a time, and desensitiza- 
tion is possible Foi this type of patient it may be necessary to change 
the therapy oi the route of administration (oial) 

44 Mussio-Fourmer, J C , and Rawak, F Action therapeutique de la 
vitamine B, dans la myelose fumculaire de 1’anemie pernicieuse, Rev neuiol 70 
604, 1938 

45 Keilhack, H Uebei das Enveiss 1 m normalen und pathologisch veranderten 
Knochenmark des Menschen, Deutsches Arch f khn Med 182 57, 1938 

46 Jones, C A Allergic Reactions Following Parenteral Administration of 
Liver Extract, Internat Clin 3 258, 1939 
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Wilkinson 47 describes a case of pernicious anemia m a man 26 yeais 
of age with neuiologic involvement Theie was a lapid response to 
liver extract and vitamin B x The patient’s mother also had pernicious 
anemia, but theie weie no neuiologic symptoms 

Central Neivous System — Neuiopathic symptoms and signs occur 
m moie than 80 per cent of patients with pernicious anemia Woister- 
Di ought and Shafai 48 point out that the penpheral neuntis may be 
associated with othei types of anemia and is piobably due to a vitamin 
deficiency Van Baalen and Vioon 10 cite seveial cases of pernicious 
anemia to demonstiate the vaiious psychic changes which may occui 
They obseived maiked mental impiovement with elimination of the 
anemia It should not be foi gotten, however, that psychosis m a case 
of pernicious anemia may also be due to toxic effects fiom dysfunc- 
tion of the genitounnaiy tract, cerebral aitenoscleiosis and cerebral 
pathologic changes similai to those observed m the posterior and lateial 
columns of the coid 

Twenty patients with a paialytic foim of involvement of the central 
nervous system weie obseived by Rosenthal and Abel 30 In the majonty 
of instances piolonged and adequate antianemia therapy was effective 
m arresting, letardmg, impiovmg oi pi eventing aggiavation of the 
neuiopathic symptoms These mvestigatois state that after adequate 
tieatment with livei oi potent livei extiact they did not observe any 
lecurrences or piogiession of symptoms 

In an effoit to deteimme the cause of the degeneiative changes in 
the cord associated with pernicious anemia, Wintiobe and his col- 
leagues 01 perfoi med several expei iments on young pigs These animals 
weie put on a balanced diet with large amounts of yeast The yeast 
was gradually reduced and leplaced by thiamine, liboflavm and nicotinic 
acid These substances were given alone oi m vaiious combinations 
All the animals which received i educed amounts of yeast had ataxia 
Definite pathologic change was noted m the postenoi columns and m 
the sensoiy neives Whethei the results of these expei iments can be 

47 Wilkinson, J N Pernicious Anemia with Cord Involvement in a Young 
Adult Case Report, Clin Virginia Mason Hosp 18 19, 1939 

48 Worster-Drought, C , and Shafar, J Achlorhydric Hypochromic Anemia 
Associated with Peripheral Neuritis, Brit M J 2 273, 1939 

49 Van Baalen, J, and Vroon, M P Mental Disorders in Pernicious 
Anemia, Nederl tijdschr v geneesk 83 270, 1939 

50 Rosenthal, N , and Abel, H A Observations on the Effects of Liver 
Extract m Pernicious Anemia, with Special Reference to the Paraplegic Form 
of Subacute Combined Sclerosis, J Mt Sinai Hosp 5 349, 1938 

51 Wintrobe, M M , Samter, M , and Lisco, H Changes m the Blood and 
Nervous System of Pigs Associated with Deficiency of Substances Contained in 
Yeast, J Clin Investigation 18 494, 1939 
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utilized to explain the changes in the spinal cold associated with 
pernicious anemia is debatable, as many patients with pernicious anemia 
have involvement of the lateial as well as of the postenor column 

GASTRIC JUICE AND THE ANEMIAS 

The lole of gastnc juice in eryllnopoiesis and the importance of this 
function have been lecognized foi several years Leroux and Vermes 52 
discuss m detail the vanous types of anemia associated with intei feience 
with noimal gastnc secietion In then opinion theie are multiple 
exogenous and endogenous factois, and the anemia is dependent on 
the effectiveness and combination of the factois which predominate 
Dhayagude and Khadhhai 53 studied the i elation of true achlorhydria 
and anemia In 39 patients with anemia theie was absence of “fiee 
hydiochlonc acid” in the gastnc contents aftei stimulation with 
histamine The authois compared the lesults of a single fractional test 
meal and histamine stimulation The) concluded that the latter test 
gives more lehable infoimation and that little, if any, risk is attached 
to it In then senes of cases achloihydna was usually associated with 
pernicious anemia, Witt’s anemia, ankylostomiasis and pellagra 

In an eftoit to deteimme the nature of the hemopoietic activity of 
gastnc juice, Heinle and Millei 04 piepaied gastnc juice for parenteral 
therapy When the extiacts were given intiavenously to 2 patients with 
pernicious anemia in i elapse, no response was observed in eithei The 
authors concluded that the gastnc juice alone was ineffective because 
there was no extnnsic factor m the parenteral tissues to provide a 
substrate for interaction 

Brunschwig and his co-woikers 0 demonstiated the presence of a 
secretoiy depressant m the gastric contents of patients with pernicious 
anemia (see section on pernicious anemia) 

The effect of noimal and abnoimal human gastric juice admimsteied 
to the mothei on the blood of newborn rats has been investigated by 
Schhcke 55 He noted an acceleration of hemopoiesis in the fetus, indi- 
cated by an increase in the number of red blood cells m the circulating 
blood, and a decrease m the volume and diameter of the fetal red blood 
cells at birth The ei)thropoietic substance, which he observed to be 

52 Leroux, R , and Vermes, E Anermes “agastnques,” Sang 13 241, 1939 

53 Dhayagude, R G , and Khadhhar, V N True Achlorhydria and Anaemia, 
Indian J M Research 26 705, 1939 

54 Heinle, R W , and Miller, F R Negative Effect of Gastric Juice Admin- 
istered Intravenously to Patients with Pernicious Anemia, Proc Soc Exper Biol 
& Med 40 681, 1939 

55 Schhcke, C P The Effect of Normal and Abnormal Human Gastric 
Juice, Administered to the Mother, on the Blood of Newborn Rats Preliminary 
Report, Proc Staff Meet, Majo Clin 14 145, 1939 
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piesent m vanable amounts m noimal human gastnc secietions, was 
absent m the gastnc contents of patients with pernicious anemia He 
states that this substance is similai to the mtiinsic factoi of Castle, 
inasmuch as it can be inactivated by heating Stasney, Higgins and 
Mann 22 lepoit somewhat similai expenments In addition to human 
gastnc juice, they employed pig gastnc juice In the opinion of these 
authois the lesultmg eiytlnopoietic changes aie piopoitional to the 
amount of gastnc juice injected into the mother Since the lesults aic 
so constant, it has been suggested that this method may be satisfactoiy 
foi assaying the potency of antianemia material 

Von Bonsdoiff 5G exposed hvei extract m vitio to the effects of fiesh 
tapewoim. Taenia sagmata, Ascans lumbricoides, boiled tapewoim and 
alcoholic exti acts of the tapewoi m and of the colon bacillus The exti act 
was then given to seveial patients with pernicious anemia m 1 elapse 
The expected leticulocyle lesponse was obtained The influence of the 
intestinal woims on the pioteolytic activity in vitro of tiypsm, papam, 
pepsin and human gastnc juice was also investigated by 1-011 Bonsdoiff 50 
His conclusions aie most intei esting The aqueous exti acts of the 
vanous nouns had a definite inhibiting effect on the pioteolytic activity 
of gastnc juice on casein at a neutral pn The same exti acts did not 
inhibit the action of tiypsm, pepsm or gastric juice at a low p H , on 
the conti aiv, hydiolysis, expressed as mci eased mtiogen m tnchloio- 
acetic filtiates, was rnoie marked in digests containing woim emulsion 
Tlie woim proteins weie quickly digested by tiypsm, pepsm and papam 
but not by gastnc juice at a p H of 7 4 The addition of a broth culture 
of Bacillus coll chd not noticeably affect the pioteolytic activity of the 
enzymes or of the gastnc juice at a neutial reaction Tapewoi ms had 
consideiable pioteolytic effect on casein at a pn of 7 4 This digestive 
piocess deci eased quickly at a lowei pn and moie slowly at a highei 
pn Within the lange of neutiahty and slight alkalinity theie is auto- 
digestion of the woim The author suggests the possibility that the 
woim enzyme and cathepsm are identical 

MACROCYTIC ANEMIAS OTHER THAN PERNICIOUS ANEMIA 

The pathologic physiology of the maciocytic anemias has been 
adequately teviewed by Rhoads, 57 Castle, 58 Benhamou, 50 Goodwin, 00 

56 von Bonsdorff, B Liver Extract Exposed to the Action of Intestinal 
Worms Does Not Lose Its Anti-Anemic Effect, Acta med Scandinav 100 436, 
1939, The Influence of Intestinal Worms on the Proteolytic Activity in Vitro of 
Trypsin, Papain and Especially of Human Gastric Juice at Neutral Reaction, ibid 
100 459, 1939 

57 Rhoads, C P Vitamins Vitamin B_> Therapy, Conferences on Therapy, 
JAMA 113 29 7 (July 22) 1939 

(Footnotes continued on nevt page) 
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Davidson, 01 Blum 02 and Wintrobe 03 It is a genei ally accepted fact 
that food (extrinsic factoi) mteiacts with gastric juice (mtnnsic factor) 
to pioduce the erytliiocyte-matuimg substance This product is absorbed 
in the intestine, stoied m the liver and released to the bone maiiow as 
needed Any intei ference m this chain of events lesults m maciocytic 
anemia 

Onhauser and Mitchell 04 descnbe a case of pernicious anemia of 
piegnancy The hematologic diagnosis was based on the piesence of a 
megaloblastic maiiow It is the opinion of these authois that, since the 
patient had an adequate diet, the anemia was the lesult of a deficiency 
of the intrinsic factoi This view is directly opposed to that of Gold- 
hamei, Fntzell and MacKinnon, 05 who pioduced a i emission in a patient 
with pernicious anemia of pregnancy by feeding a high piotem diet 
(extnnsic factor) Rittei and Ciockei 00 descnbe a third case of macro- 
cytic anemia m pregnancy, with a similai type of anemia in the newboin 
infant Fiom the results of their expeuments with fetal bovine livers, 
Wigodsky and his co-woikers 20 suggest that pernicious anemia of 
piegnancy is probably due to lemoval of too much of the eiythiocyte- 
matunng factoi fiom the mother by the fetus 

Red blood cell fragility m 40 patients with tiopical maciocytic anemia 
was studied by Evans and Wills 07 The median corpusculai fi agility 
lepiesented the concentration of salt solution winch pioduced 50 per 
cent hemolysis An analysis of then lesults levealed that m “com- 
plicated cases” of tiopical maciocytic anemia there is increased fragility 
of the red blood cells, a fact which often masks the deci eased fragility 
present in cases in which no complications occui 

58 Castle, W B The Diagnosis and Treatment of Anemia, Tr &. Stud Coll 
Physicians, Philadelphia 7 129, 1939 

59 Benhamou, E Le traitement des anemies macrocvtiques non bieimeriennes, 
Presse med 47 755, 1939 

60 Goodwin, R Q Macrocytic Anemias, South M J 32 641, 1939 

61 Davidson, L S P The Mechanism of Megoblastic Blood Formation, 
Edinburgh M J 46 474, 1939 

62 Blum, L L Newer Concepts in the Intel pi etation of Anemias, J Indiana 
M A 32 120, 1939 

63 Wintrobe, M M The Choice of Methods for the Collection of Anemia 
Internat Clin 2 44, 1939 

64 Onhauser, V F , and Mitchell, R A Case of Pernicious Anemia of 
Pregnancy, Canad M A J 41 67, 1939 

65 Goldhamer, S M , Fritzell, A I , and MacKinnon, F The Role of the 
Protein Level Intake in the Production of Remissions m Macrocjtic Anemias, 
J Clin Investigation 18 481, 1939 

66 Ritter, J A , and Crocker, W J Macrocytic Anemia of Pregnancy and 
Anemia of the Newborn, Am J Obst &. Gynec 38 239, 1939 

67 Evans, B F D , and Wills, L Red Cell Fragility in Tropical Macrocytic 
Anaemia, J Path & Bact 48 437, 1939 
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Eight monkeys weie obseived aftei gastiectomy by Bussabarger and 
his co-woikeis 08 foi two to three yeais None had macioc)tic anemia 
Bachiach and Fogelson, 09 using dogs, lemoved seven-eighths of the 
stomach, all of the duodenum and 30 cm of the jejunum Maciocytic 
anemia was never noted The authors conclude that hemopoiesis m dogs 
may be diffeient fiom that m man or that theie may be some factor 
othei than that m the stomach or the duodenum which is essential for 
eiythropoiesis 

Ten patients with macrocytic anemia associated with vanous lesions 
of the bowel weie obseived by Sturgis and Goldhamer 70 Block 71 also 
lepoits the occuuence of megalocytic anemia m patients with intestinal 
stnctuies He consideis that a multiple deficiency was piesent as a 
result of faulty absoiption Nontropical spiue complicated by anemia 
is reported b)' Fiostad 72 and Roduquez-Mohna 73 In the senes of cases 
analyzed by Rodriquez-Mohna, maciocytic anemia was piesent in 90 
per cent of the patients, noimocytic anemia m 7 per cent, simple micio- 
cytic anemia in 1 pei cent and hypochromic anemia in 2 pei cent 

Macrocytic anemia due to disease of the livei from vanous causes 
is reported by Buigess and Maclaien, 74 by Townsend and Biaunstein 75 
and m a discussion of a Cabot case 70 A most unusual series of experi- 
ments was pei formed by Sydenstncker and his colleagues 77 with liver 
extract piepared from a pellagrin When this extract was administered 
paienterally to a patient with pernicious anemia a prompt response was 
obtained Pellagrins treated with a similar extiact failed to lespond but 

68 Bussabarger, R A , Ivy, A C , Wigodsky, H S , and Gunn, F D The 
Effect of Gastrectomy on the Monkey, Ann Int Med 13 1028, 1939 

69 Bachrach, W H , and Fogelson, S J The Role of the Upper Gastro- 
intestinal Tract in the Etiology of Pernicious Anemia, J Lab & Clin Med 24 
249, 1938 

70 Sturgis, C C, and Goldhamer, S M Macrocytic Anemia, Other Than 
Pernicious Anemia, Associated with Lesions of the Gastrointestinal Tract, Ann 
Int Med 12 1245, 1939 

71 Brock, J F Intestinal Stricture and Megalocytic Anaemia, Lancet 1 72, 
1939 

72 Frostad, S A Case of Non-Tropic Sprue with Normo- and Megaloblasts 
m the Peripheral Blood, Acta med Scandinav 99 257, 1939 

73 Rodriquez-Molina, R Hematology of Sprue Report on One Hundred 
Cases m Puerto Rico, Puerto Rico J Pub Health & Trop Med 15 89, 1939 

74 Burgess, N, and Maclaren, C A Case of Pigmented Eczema with 
Macrocytic Anaemia, Brit J Dermat 51 207, 1939 

75 Townsend, S R , and Braunstein, A L Hyperchromic Maciocytic Anemia 
m Association with Hodgkin’s Disease, Canad M A J 41 •254, 1939 

76 Carcinoma of Pancreas with Melastases to Liver , Pernicious Anemia, Cabot 
Case 25232, New England J Med 220 967, 1939 

77 Sydenstncker, V P , Schmidt, H L, Jr , Geeshn, L E, and Weaver, 
J W The Liver m Pellagra, Am J M Sc 197 755, 1939 
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subsequently showed impiovement when commercial livei pieparations 
weie given inti avenously Fiom then results the authors conclude that 
pernicious anemia and pellagia aie due to difteient causes They also 
suggest that nonnal Inlets contain a substance other than the eiythrocyte- 
matuimg factoi which is absent m the hveis of pellagrins 

Seveial }eais ago, Wilkinson and Israels descnbed a disease 
(achiesthic anemia) chaiactenzed by macrocytic anemia due to inability 
of the bone maiiow to utilize the eiythrocyte-matunng factor, the pies- 
ence of fiee hydiochlonc acid in the gastnc contents and a fatal piog- 
nosis Wauchope and Leslie- Smith 78 and Mahler and Gieenbeig 79 
descnbe cases which they considei typical of this syndiome 

HEMOLYTIC ANEMIA 

The hemolytic anemias compnse a gioup of blood dysciasias which 
have multiple etiologic factoi s It is necessaiy to lecogmze the causa- 
tive agent foi purposes of diagnosis, prognosis and treatment The 
hemolytic anemias of childhood are chaiactenzed by reticulocytosis, 
leukocytosis, hypei plastic bone maiiow and occasionally bon}'- adsoip- 
tion Paisons 80 lists eiythroblastosis foetahs, acute hemolytic anemia, 
leactive 1 eticulocytosis, congenital hemolytic jaundice, sickle cell anemia 
and Cooley’s anemia as membeis of this group The similanty of icteius 
giavis, congenital anemia of the newborn and erythi oblastosis is pointed 
out by Millei 81 in a case study of a family m which all thiee diseases 
were present Henderson 82 has studied seveial cases of anemia of the 
newborn and of early infancy He states that the anemia of prematunty 
is an exaggeiation of physiologic hemolysis, that it is hyperchionnc and 
that the cause is unknown In most instances the piognosis is good 

Congenital hemolytic jaundice, although it may manifest itself m 
infancy, can occur at any age Mandelbaum 83 i eports a case in which 
an initial cnsis occuried m a patient 7 5 years old who was cuied by 
splenectomy The usual chai actei istics of the malady weie piesent — 

78 Wauchope, G M , and Leshe-Smith, M Macrocytic Anaemia of the 
Achrestic Type, Lancet 2 1518, 1938 

79 Mahler, A , and Greenberg, D A Case of Hyperchromic Macrocytic 
Anemia Refractory to Liver Extract, JAMA 112 1150 (March 25) 1939 

80 Parsons, L G The Haemolytic Anemias of Childhood, Lancet 2 1395, 
1938 

81 Miller, H C The Familial Occurrence of Icterus Gravis, Congenital 
Anemia of the Newborn and Erythroblastosis Fetalis Case Study, Yale J Biol 
& Med 11 363, 1939 

82 Henderson, J L Anaemias of the Newborn and Early Infancy, Tr Edin- 
burgh Obst Soc , 1938-1939, p 63 , in Edinburgh M J , March 1939 

83 Mandelbaum, H Congenital Hemolytic Jaundice Report of a Case of 
Congenital Hemolytic Jaundice, Initial Hemolytic Crisis Occurring at the Age 
of Seventy-Five, Splenectomy Followed by Recovery, Ann Int Med 13 872, 1939 
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jaundice, an enlaiged spleen, small round cells (which weie fi agile) and 
reticulocytosis The unusual occurrence of ulcer of the leg in a case of 
hemolytic jaundice is noted by Taylor 84 Such a lesion may be bilateral 
and usually occuis on the medial malleolus Local therapy is of little 
value, but healing often results after splenectomy Watson 85 leports a 
study of 35 patients with hemolytic jaundice Twenty of these had 
microcytic anemia, increased fi agility of the red blood cells and absence 
of autoagglutmation In the remaining 15, macrocytic anemia piedomi- 
nated, there was little, if any, evidence of increased fragility of the led 
blood cells, and autoagglutmation occuned in 2 instances The author 
calls attention to the fact that there was no parallelism between the 
anemia and the jaundice This suggested sluggish excretion of bilirubin 
by the liver, which was considered beneficial lathei than detumental to 
the patient 

As an accurate method of detei mining the mci eased fi agility of the 
led blood cells in cases of hemolytic jaundice, Guest and Wing 80 used 
the Van Allen hematocnt tubes Measured amounts of led blood cells 
were drawn into standardized tubes and diluted with saline solution of 
vaiymg concentrations Changes in volume as well as beginning and 
complete hemolysis were noted 

One of the more serious complications often observed m association 
with the administration of sulfanilamide and sulfapyndme is hemolytic 
anemia Koletsky 87 states that the anemia is not i elated to the type of 
infection, the dose of the diug or the concenti ation of the diug m the 
seium He reported 2 deaths due to hemolytic anemia following treat- 
ment with sulfanilamide Garvin 88 describes two types of hemolytic 
anemia acute and chronic The latter is mild, develops slowly and 
is not associated with jaundice, but there is excessive excietion of 
uiobilmogen The acute type has an abrupt onset m two to thiee days 
Withdiawal of the drug and transfusions weie beneficial to the patients 
Antopol and his colleagues 80 note the occuri ence of acute hemolytic 

84 Taylor, E S Chronic Ulcer of the Leg Associated with Congenital 
Hemolytic Jaundice, JAMA 112 1574 (April 22) 1939 

85 Watson, C J Hemolytic Jaundice and Macrocytic Hemolytic Anemia 
Certain Observations in a Series of Thirty-Five Cases, Ann Int Med 12 782, 1939 

86 Guest, G M , and W ing, M A Method for the Determination of Erythro- 
cyte Fragility, Using Van Allen Hematocrit Tubes for the Measurement of Changes 
in Volume of the Cells in Hypotonic Salt Solutions, J Lab & Clin Med 24 850, 
1939 

87 Koletsky, S Fatal Hemolytic Anemia Following the Administration of 
Sulfanilamide, JAMA 113 291 (July 22) 1939 

88 Garvin, C F Complications Following the Administration of Sulfanil- 
amide, JAMA 113 288 (July 22) 1939 

89 Antopol, W , Applebaum, I , and Goldman, L Two Cases of Acute 
Hemolytic Anemia with Auto-Agglutination Following Sulphanilamide Therapy, 
JAMA 113 488 (Aug 5) 1939 
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anemia associated with autoagglutination following sulfanilamide 
therapy Plummer and Ensworth 00 reported the presence of severe 
anemia in 270 patients with pneumonia treated with sulfapyridme They 
also called attention to the fact that seveial of these patients had mild 
anemia Similar results from the use of drugs of the sulfanilamide gioup 
aie noted by Moigan and Detweiler, 91 Price and Myers 92 and Mac- 
Leod 93 It is suggested by MacLeod that toxic effects from these drugs 
are moie common than is expected and that more than loutme studies 
should be employed to detect them 

Hemol)tic anemia was pioduced in dogs and monkeys after admin- 
lstiation of sulfanilamide by P’An 04 Machella and Higgins 95 observed 
anemia in rats following the use of sulfanilamide They conclude that 
the seventy of the anemia varies with the dose of the drug and that 
lecovery follows withdrawal of the ding On the basis of the minimal 
concentration m the blood necessary to produce anemia, Richardson 96 
compared the toxicity of sulfanilamide, sulfapyridme and diammo- 
diphenylsulfone Sulfapyridme was the least toxic and diammodiphenyl- 
sulfone the most toxic 

Erf and MacLeod 07 determined quantitatively the amount of uiobihn 
excreted by 20 patients with pneumonia treated with sulfapyi idme and 
employed this method as an index of hemolysis The amount of urobilin 
excreted varied with the anemia, and both weie directly proportional 
to the dose of the diug All evidence of destruction of red blood cells 
disappeaied when the sulfapyridme was withdrawn 

The effect of vanous hemolytic agents on red blood cells has been 
investigated by Dameshek, Schwartz and Singer 98 They employed 

90 Plummer, N, and Ensworth, H J Sulfapyridme in the Treatment of 
Pneumonia, JAMA 113 1847 (Nov 18) 1939 

91 Morgan, J RE, and Detweiler, H K The Hematologic Study of 
Seventy-Six Pneumonia Cases Treated with Sulfapyridme, Including a Fatal Case 
of Agranulocytosis, J Lab & Clin Med 25 275, 1939 

92 Price, A E, and Myers, G B Treatment of Pneumococcic Pneumonia 
with Sulfanilamide, JAMA 112 1021 (March 18) 1939 

93 MacLeod, C A Chemotherapy of Pneumococcic Pneumonia, JAMA 
113 1405 (Oct 7) 1939 

94 P’An, S Y Observations on the Chronic Effect of Sulfanilamide m Dogs 
and Monkeys with Particular Reference to the Blood, Chinese M J 56 111, 1939 

95 Machella, T E , and Higgins, G M Anemia Induced in Rats by the 
Administration of Sulfanilamide, Proc Staff Meet , Mayo Clin 14 183, 1939 , 
Anemia Induced in Rats by Means of Sulphanilamide, Am J M Sc 198 804, 1939 

96 Richardson, A P The Production of Anemia in White Mice by Sulfanil- 
amide, Sulfapyridme and Diaminodiphenylsulfone, J Pharmacol & Exper Therap 
67 429, 1939 

97 Eif, L A, and MacLeod, C M Hemolysis from Sulfapyridme, J Clin 
Investigation 18 472, 1939 

98 Dameshek, W , Schwartz, S O, and Singer, K Spherocytosis (and 
Increased Erythrocyte Fragility) as Indicators of Hemolytic Activity, with a Con- 
sideration of “Differential” Fragility, J Clin Investigation 18 479, 1939 
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this method m an attempt to distinguish the vanous types of hemolytic 
anemias It was noted that distilled water, saponin, phenylhydrazme, 
lysolecithin and immune hemolytic seium would pioduce spherocytosis 
of vaiying degiee, depending on the dose The changes observed m the 
bone manow and m the penpheral blood indicate that spherocytosis 
developed outside the bone manow It was also noted that all the 
spheiocytes leacted in the same mannei to vaiying dilutions of saline 
solution but diffeied m their reactions to the hemolysins This 
physiologic diffeience is consideied important m distinguishing the 
vanous hemolytic anemias 

Cases of Ledeiei’s anemia with the characteristic blood pictuie aie 
leported by Drummond, 09 Levy and Miller 100 and Boquien 101 All of 
these investigators discuss the various possible etiologic factois and 
conclude that the cause is not known They also state that transfusions 
are specific McGavack 102 reports a similar case of acute hemolytic 
anemia m a 17 year old girl, but as tiansfusions did not aid the patient 
he feels that this was not a case of Ledei ei ’s anemia Hamilton 103 
describes a syndrome chaiacterized by chills, fever, dark mine, oliguna 
and splenomegaly, occuinng m a 2 year old boy The patient had 
seveial remissions and i elapses The author expi esses the opinion that 
this case simulated Ledei er’s anemia but believes that the condition is 
a distinct clinical entity and that it should be named “acute hemocytolytic 
anemia ” 

SICKLE CELL ANEMIA 

Diggs and Bibb, 104 of Memphis, Tenn , piesent an excellent study 
of the status of the eiythrocyte m 47 patients with active sickle cell 
anemia They obseived that m sealed cover slip preparations there 
occuis an mciease m the caibon dioxide content of the seium m which 
the erythiocytes aie suspended within a few hours Coincidentally with 
this, the led blood cells assume many bizarre fonns The change is fiom 
the noimal round shape with even distnbution of hemoglobin to a many- 
pomted fonn, thick m one portion and thin m another Elliptic, oat- 
shaped oi ci escent-shaped eiythiocytes, which aie present when the 
blood is drawn, have appaiently passed through the piocess just 

99 Drummond, J A Case of Lederer’s Anaemia, South Afucan M J 13 
406, 1939 

100 Levy, W , and Miller, W J Acute Hemolytic Anemia Lederer Type, 
Am J Dis Child 58 349 (Aug ) 1939 

101 Boquien, Y Trois cas -dont deux familiaux- d’anemie hemolytique 
aigue (maladie de Lederer-Brill), Sang 13 320, 1939 

102 McGavack, T H Acute Hemolytic (Lederer’s) Anemia, New England 
J Med 220 140, 1939 

103 Hamilton, D G A Case of Acute Haemocytolitic Anaemia with Haemo- 
globmuria, M J Australia 1 305, 1939 

104 Diggs, L W, and Bibb, J The Eiythrocvte in Sickle Cell Anemia, 
JAMA 112 695 (Feb 25) 1939 
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descnbed and do not undeigo further significant change When the 
blood m sealed moist prepaiations is exposed to the an, the bizarrely 
shaped cells, which aie m the initial stages of sickling, 1 evert to the 
lound foims, and the tiue sickle cells become less pointed but do not 
become round 

According to these obseiveis, the typical charactenstic sickle cell 
averages 10 to 20 micions m length and 2 to 4 micions in width It is 
hyperchromic, elongated, pointed at each end and curved m the middle 
Rarely is it observed in any other condition than tiue sickle cell anemia 
The peicentage of these abnoimally shaped cells m stained films made 
m the usual manner vanes fiom none to ovei 50 pei cent, apparently 
theie is no relation between the numbei of sickle cells and the severity 
of the anemia 

Measurements of the red blood cells of patients m v bom less than 
5 pei cent of the cells were elongated showed maiked amsocytosis and 
mean diameteis which were gieatei than normal, avei aging between 
78 and 9 5 micions The aveiage mean coipusculai volume was 90 
cubic nncions, the aveiage mean coipusculai hemoglobin was 29 micio- 
miciograms, and tbe average mean coipuscular hemoglobin concentia- 
tion was 32 pei cent These figuies indicate that the eiythiocytes in 
cases of sickle cell anemia aie usually of the noimocytic, noi mochromic 
type, with a tendency towaid maciocytosis The reticulocytes of the 
cuculatmg blood aie usually increased in the presence of active sickle 
cell anemia, in this senes the aveiage was 15 per cent 

The erytlnocytes of patients with sickle cell anemia aie moie 
lesistant than are noimal cells to hypotonic saline solutions, and some 
of the cells even retain then hemoglobin m distilled watei In this study , 
hemolysis began m hypotonic salt solutions at an aveiage of 0 34 per 
cent and was complete at 0 11 pei cent, whereas the aveiage figures 
for the conti ol gioups were 042 pei cent and 0 32 pei cent i espectively 
The lesistance of erythrocydes of patients with the sickle cell ti ait m the 
absence of anemia was also slightly mci eased, as hemolysis began at 0 35 
pei cent and was complete at 0 2 pei cent Coi i espondmg figui es for 
the conti ol group were 0 39 pei cent and 0 27 per cent 

Mechanical shaking of oxalated or defibi mated blood at the late of 
two hundred and fifty vibrations pei minute did not cause a significant 
alteration in the red blood cell count oi the cell volume in blood fiom 
normal pei sons or fiom patients with sickle cell anemia When glass 
beads were added, howevei, and the caibon dioxide concentration m 
the air above the blood was mci eased, the red blood cells of patients 
with sickle cell anemia were destioyed more rapidly than weie those of 
normal blood It is concluded from these experiments that the carbon 
dioxide causes the red blood cells to become laigei and the lound cells 
m the blood of patients with sickle cell anemia to become sickled 
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The sedimentation rate foi patients with sickle cell anemia may be 
noimal despite the presence of marked anemia These observeis intei - 
piet an increased sedimentation rate in the presence of this disease as 
indicative of some complication, such as active tuberculosis, salpingitis 
01 badly infected ulcers of the leg 

Bunting 105 observed that sickled erythrocytes fi om patients with 
sickle cell anemia and the sickle cell trait did not form louleaux and 
remained unsedimented after one hour of observation Specimens of 
blood for this study were obtained from patients with sickle cell anemia 
and the sickle cell trait, and the percentage of sickle cells was increased 
to approximately 50 per cent by exposure to carbon dioxide Specimens 
of the same blood which were not exposed to carbon dioxide and con- 
tained lelatively few sickle cells foimed louleaux and sedimented at a 
rate of 23 to 70 mm m one hour These studies would suggest that 
the dela\ m settling of the red blobd cells is propoitional to the per- 
centage of sickle cells present 

Arena 100 repoits the case histones of 5 Negro childien with sickle 
cell anemia, m whom the first manifestation of the disease was the 
appeal ance of signs and symptoms indicative of cerebral vasculai 
disease All had right hemiplegia Reference is made to a relatively 
small numbei of similar cases m the literatuie It is emphasized that 
thrombotic phenomena aie important episodes m the life lustoiy of 
patients with this type of anemia and that obliterative vascular changes 
and thrombi aie part of the pathologic picture It is the belief of some 
that the tendency to capillary engorgement and arterial thrombosis may 
be due to the abnormal shape of the led blood cells, which prevents 
their ready passage through the capillaries, and the tendency of these 
cells to agglutinate Infection with fever, which causes increased sickling, 
may be a factor m causation of the thrombosis In 1 patient necropsy 
showed a tendency to occlusion of the large subarachnoid arteries, which 
is similai to the changes observed m the splenic vessels The author 
concludes that splenectomy should be given a further trial for patients 
with splenomegaly who have constitutional symptoms and previously 
have had a vascular accident 

Josey 107 leports the case of a Negro boy aged 8 >ears with sickle 
cell anemia, who at the age of 4 years had attacks persisting for a week 
oi more m which he had difficulty in speaking, swallowing and walking 
Two years latei left hemiplegia appeared, which persisted for six weeks 

105 Bunting H Sedimentation Rates of Sickled and Non-Sickled Cells from 
Patients, Am J M Sc 198 191, 1939 

106 Arena, J M Sickle Cell Anemia, Cerebral Vascular Lesions Accompany- 
ing Anemia, J Pediat 14 745, 1939 

107 Josey, A I Sickle Cell Anemia with Cerebral Thrombosis (Case), 
South M J 32 915, 1939 
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A 3 eai latei, at the age of 7 yeais, the hemiplegia again occuired, and 
this time it was associated with aphasia Fifteen weeks later the weak- 
ness on the left side was nnpioved somewhat, and speech had paitially 
leturned One year aftei this theie was slight improvement in the 
patient’s nemologic condition, but the geneial pictuie remained the 
same This case is repoited as piobably lepresentmg recuiient ceiebral 
thrombosis associated with sickle cell anemia 

Bridges 108 reviews the liteiature dealing with ceiebial vascular 
accidents m patients with sickle cell anemia and states that in none of 
the cases thus far leported has a satisfactoiy account of the origin and 
natuie of the ceiebral clinical disturbances been offered Two cases of 
sickle cell anemia with cerebial vascular manifestations aie repoited, 
with a discussion of the pathogenesis of the lesions of the central neivous 
system and a consideration of the general problem of the disease It is 
suggested that the obliterative vascular changes in the spleen pieviously 
descubed by Diggs may occui likewise in the ceiebral vessels fiom the 
same cause Fiom the studies reported b> Bridges it is concluded that 
the clinical evidences of cerebral lesions may arise from two different 
pathologic changes The large subarachnoid cerebral aitenes may 
undeigo giadual obliteration with final complete closure as a result of 
endartenal mtimal proliferation and not of thrombosis This process 
is identical with that which causes occlusion of the splenic aitenes A 
second obscuie process also occurs, which is quite different from endai- 
terial mtimal pi ohferation This change is m connection with the small 
intracerebral vessels and is lesponsible for multiple focal necroses and 
hemorrhages in the biam 

Page and Silton 100 repoi t the effect of pi egnancy m 2 cases of acute 
sickle cell anemia One patient, aged 19, in whose case theie weie a 
led blood cell count of 1,660,000 per cubic millimetei and a hemo- 
globin concentration of 42 per cent, was fii st obsei ved thi ee weeks from 
term, liver extiact, copper and iron were given orally The patient had 
a normal spontaneous delivery, and seven months later the mothei 
had no complaints refeiable to the anemia, although the led blood cell 
count was approximately 2,000,000 pei cubic millimeter The baby, 
whose blood did not show sickling, was m good condition at the age 
of 7 months The second patient, aged 20 years, was five months pieg- 
nant when fiist seen, the led blood cell count was 1,920,000 per cubic 
millimeter and the concentration of hemoglobin was 35 per cent She 
was acutely ill, and a clinical diagnosis of bilateral bronchopneumonia 
was made Death occurred twenty-two hours after admission, and 

108 Bridges, W H Cerebral Vascular Disease Accompanying Anemia, Am 
J Path 15 353, 1939 

109 Page, E W , and Silton, M Z Pregnancy Complicated by Sickle-Cell 
Anemia, Am J Obst & Gynec 37 53, 1939 
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necropsy showed sickle cell anemia, thrombophlebitis of the pelvic \ ems, 
embolism of the pulmonary artenes with multiple mfaicts, twin pieg- 
nancy (5 months) and seveie siderofibrosis of the spleen The authors 
conclude that pregnancy may be a factoi m pioducmg an exaceibation 
of the disease but that patients may be cai 1 led successfully to tei m when 
piopei measuies aie employed 

ERYTHROBLASTIC AND LEUKOERYTHROBLASTIC ANEMIAS 

Several examples of leulcoerythroblastic anemia m adults have been 
described Vaughan defined this condition as “an anemia chai actei lzed 
by the presence, in the peripheral blood, of immatuie led blood cells 
and a few immatui e white blood cells of the myeloid sei les ” In 2 
cases described by Vaughan and Harrison 110 theie were splenomegaly, 
lriegular density of the spongiosa of long bones and thioughout the flat 
bones associated with decreased density of the cortex of the long bones, 
the inner edge of the cortex being frayed and megular in appearance 
(myelosclerosis), leukoeiythroblastic anemia and increased fi agility of 
the red blood cells m hypotonic saline solutions, associated with increased 
thickness of the cells The condition was confused at diffeient stages of 
its evolution with polycythemia and leukemia Cases have been desci ibed 
under the names erythroleukenua, atypical myeloid leukemia aleukemic 
myelosis, myelophthisic splenomegaly, myeloscleiosis, myelosis with 
osteosclerosis and myelosclerosis associated with a leukemoid blood 
pictuie 

Of the 3 cases desci ibed by Gear and Becker, 111 the condition in 2 
was associated with carcinomatosis, and m 1, with multiple myelomatosis 
The disease is giouped with Cooley’s erythioblastic anemia, but the 
pathogenesis is essentially diffeient 

Diamond 112 presents an excellent 1 eview of the genei al subj ect of 
eiythroblastic anemias in infancy and childhood In the first gioup is 
eiythroblastemia secondary to some obvious underlying cause (excessive 
exposuie to roentgen lays or to ladioactive material, chemical and drug 
poisoning, generalized malignant disease with metastasis to the bone 
mariow, steatorrhea, lecuirent and severe hemorrhage, chiomc oi 
seveie infection, congenital syphilis, congenital malfoimations of the 
cnculatory system oi hemolytic anemia), while in the second group are 
anemias of unknown ongm (Mediteranian anemia and the anemia of 

110 Vaughan, J M, and Harrison, C V Leuco-Erythroblastic Anaemia 
and Myelosclerosis, J Path & Bact 48 339, 1939 

111 Gear, J , and Becker, L H Leuco-Erythroblastic Anaemia Report of 
Three Cases, South African M J 13 13, 1939 

112 Diamond, L K The Erythroblastic Anemias, in A Symposium on the 
Blood and Blood-Forming Organs, Madison, Wis, Unnersity of Wisconsin Press, 
1939, p 57 
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erythroblastosis foetahs) The treatment of Meditei ranean anemia 
and of eiythroblastosis foetahs is symptomatic and nonspecific, and the 
results aie unsatisfactory 

Nittis 113 explains the peculiar structuie of the diploe m cases of 
eiythroblastic anemia by outward expansion of the manow as a lesult 
of continuously stimulated hemopoiesis The tiabeculae connecting the 
two plates become elongated, pioducing a bristle-like appearance on the 
roentgen plate 

In a detailed description of 5 typical cases of Cooley’s anemia, Fran- 
cavigha 114 notes that there was mci eased resistance of the red blood 
cells in the parent who transmitted the disease and in the appaiently 
normal brotheis and sisteis of the patients For patients with atypical 
foims of the disease with slow evolution, thyroid, liver extract and iron 
were of therapeutic value in prolonging life 

The essential pathologic features, as noted by Schiappoh 115 in 2 
cases, are a process of geneial reabsorption of the bones with formation 
of new tiabeculae, diffuse hyperplasia of the reticuloendothelial system, 
hemolytic anemia and increased medullaiy and extramedullary hemo- 
poiesis Constitution and familial predisposition are considered impor- 
tant factors m the disease, but the cause is unknown 

In cases of eiytluoblastic anemia with jaundice m children and 
adolescents, Acuna and Bonduel 110 found that damage to the liver was 
caused by the products of hemolysis The penpheial blood in this con- 
dition is chaiactenzed by laige numbers of immature red blood cells 
and leukocytes The hepatomegaly and other featuies at times suggest 
von Jaksch’s pseudoleukemia The behavior of the pigments and their 
decomposition products is different from that observed with congenital 
splenomegalic hemolytic jaundice, suggesting that these are two different 
clinical forms of congenital hemolytic jaundice 

Andrus and Holman 117 removed the spleen from 4 childi en with 
Cooley’s erjdhroblastic anemia One died m five months, a second in 
two yeais Two, alive three and one-half years and four yeais lespec- 
tively after operation, were in fair condition, but the anemia persisted 

113 Nittis, S The Mechanism of the Production of Bone Changes m the 
Plastic Anemias, Umv Hosp Bull , Ann Arbor 5 27, 1939 

114 Francaviglia, A Ricerche sul morbo di Coole}', studio chnico su alcuni 
casi di morbo di Cooley osservati m Puglia, Arch per le sc med 68 395, 1939 

115 Schiappoh, F Ricerche sul morbo di Cooley, il reperto anatomico, Arch 
per le sc med 68 457, 1939 

116 Acuna, M, and Bonduel, A A Alteraciones hepaticas en el curso Je 
las anemias erithroblasticas Ictericias eutroblasticas, Prensa med argent 25 2444, 
1938 

117 Andrus, W DeW, and Holman, C W Splenectomy in Various Blood 
Disorders, Ann Surg 109 64, 1939 
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In a case leported by Macldin, Lamont and Macklm, 118 eiythro- 
blastosis foetalis accompanied by hemolysis was present in a newborn 
girl Of the other pregnancies of the mother, 5 of 7 ended m miscai- 
riages ot piemature delivery, suggesting a possibility of a similai blood 
dysciasia which prevented development of the fetus The authois feel 
that the disease represents deiangement of blood fonnation in the fetus 
rather than peisistence of a normal fetal blood picture 

Thalheimer, Mezzetti and Gershon-Cohen 119 descnbed a case of 
Cooley’s Mediterranean anemia m a 14 year old Italian gnl, this makes 
the seventh case of this type m the literatuie The illness dated from 
the first year of life Physical examination showed mongoloid facies, 
a large heart, a protruding abdomen, hepatomegaly and chaiacteristic 
loentgen changes in bone The spleen had been removed at the age of 
5 years The blood was characterized b) hypochiomic anemia and 
leukocytosis 

Moore and Pastoie 120 noted ei ythi oblastic splenomegaly m a pieg- 
nant Negress Erythrogemc foci w r eie found m the spleen, liver and 
lymph nodes, but the bone maiiow ivas not giossly abnoimal It is 
thought that infection (pneumonia, tubeiculosis, renal abscesses and 
lheumatic fever) combined with pregnancy induced the alteiations m the 
hemopoietic tissue There weie some appearances m the internal organs 
lesemblmg leukemia, and 10 pei cent myeloblasts w r ere observed in the 
penpheral blood 

Erythroblastic anemia in 2 biotheis aged respectively 17 and 20 
years is described by Atkinson 121 Theie w r as no evidence of a hereditai) 
origin of the disease, although the red blood cells of the father, the 
mother and one of 2 sisteis showed gi eater lesistance in diluted saline 
solution than did those of nonnal controls (hemolysis complete, 0 08 
pei cent, 0 04 pei cent, 0 08 pei cent, conti ols, 0 22 per cent to 0 28 
pei cent) 

A case of acute erytluonrjelosis m a 25 year old woman is described 
by Chevallier and Ely 122 Anemia, leukopenia, fever and a hemonhagic 
tendency charactei ized the disease On sternal punctuie 82 per cent of 
the cells were observed to be eiythi oblasts, and m the penpheral blood 
nucleated red blood cells numbered 51,920 per cubic millimeter 

118 Maclclm, M T , Lamont, J A, and Macklm, C C Erythroblastosis 
Fetalis Report of a Case, Am J Dis Child 57 349 (Feb ) 1939 

119 Thalheimer, E J , Mezzetti, A, and Gershon-Cohen, J Cooley’s Anemia 
(Mediterranean Anemia! , with Report of a Case m an Adolescent, J Pediat 14 . 
349, 1939 

120 Moore, R A , and Pastore J B Note on Erj throblastic Splenomegaly 
Occurring During Pregnancy, Am J M Sc 198 187, 1939 

121 Atkinson, D W Eiythroblastic Anemia Report of Two Cases in Adult 
Siblings, with a Renew of the Theories as to Its Transmission, Am J M Sc 
198 376, 1939 

122 Chevallier, P, and Eh, Z Erythrom> elose aigue, Sang 13 106, 1939 
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APLAS1IC ANEMIA 

Rhoads, 123 summauzing an extensive study of aplastic anemia, 
divides refractory anemia into five histologic types that with hypo- 
cellulai bone marrow, that with immature cellular marrow, that with 
active cellulai mairow, that with sclerosis of the marrow and that with 
megakaryocytic marrow The disease may have definite but temporary 
remissions, m some cases induced by splenectomy In 6 cases definite 
exacerbations followed exposure to sunlight Toxemia may play a part 
m the pioduction of the disease, the several types having varying 
lesponses to cyclic chemical compounds of endogenous or exogenous 
origin 

Huber 124 studied the blood and bone manow of lelatives of 4 
patients who died of panmyelophthisis A common finding was neutro- 
penia or lymphocytosis, suggesting a familial diathesis to disease of the 
bone manow with congenital oi inherited weakness of the manow The 
pathologic featuie was imbalance of the neutrophil-leukocyte content of 
the blood 

Longsworth, Shedlovsky and Maclnnes 125 found that the gamma 
globulin-albumin latio in the serum of patients with aplastic anemia is 
above normal 

Rem and Wise 120 leported a case of aplastic anemia in a 30 jeat old 
woman aftei maphaisen tieatment, with a fatal teimmation Theie 
were multiple petechial and ecchymotic hemonhages of the aiachnoid, 
visceral pleura, epicardium, endocaidium, renal capsules, ileum and 
cecum, with toxic hepatosis and hypeilastic splenitis 

A case of aplastic anemia following mtiavenous injection of a gold 
compound is leported by Wintrobe, Stowell and Roll 127 Recovery 
followed nine blood transfusions and hysteiectomy These authois did 
not succeed m producing aplastic anemia by mtiavenous injection of a 
gold compound into rabbits In cases collected fiom the liteiatuie, 6 
patients with idiopathic aplastic anemia and 13 of a gioup with post- 
arsenical aplastic anemia survived one year or longer 

123 Rhoads, C P Aplastic Anemia, in A Symposium on the Blood and 
Blood-Forming Organs, Madison, Wis , University of Wisconsin Press, 1939, p 31 

124 Huber, H Stammbaumuntersuchungen bei Panmyelophthisekranhen, Klin 
Wchnschr 18 1145, 1939 

125 Longsworth, L G , Shedlovsky, T , and Maclnnes, D A Electrophoretic 
Patterns of Normal and Pathological Human Blood Serum and Plasma, J Exper 
Med 70 399, 1939 

126 Rem, C R, and Wise, F Mapharsen in Treatment of Syphilis in Office 
Practice A Study Based on 2,342 Injections m One Hundred and Thirteen 
Patients, J A M A 113 1946 (Nov 25) 1939 

127 Wintrobe, M M , Stowell, A , and Roll, R M Report of a Case of 
Aplastic Anemia Following Gold Injections in Which Recoveiy Occurred, Am J 
M Sc 197 698, 1939 
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In cases of aplastic anemia Jordan 128 finds that the hmphoid stiuc- 
ture of the lymph nodes, the spleen and the mairow is identical The 
piedommant cell m the thiee tissues is the lymphocyte, n Inch Joidan 
considers an immature polyvalent cell The small lymphocytes giow to 
become large lymphocytes, which diffeientiate into erythroc)tes in the 
venous sinuses and into granulocytes m the intei vascular stroma 

Ingraham 129 lepoits a case of aplastic anemia with fatal teimmation, 
following the use of tuaisen and bismuth salicylate during piegnancy 
The red blood cell count before tiansfusion fell to 780,000 per cubic 
millimeter, and the terminal leukocyte count was 1,800 per cubic milli- 
meter, with 5 per cent neutrophils 

In Boon’s 130 case aplastic anemia followed arsphenamme thei apy 
Twenty-five tiansfusions totaling 12,540 cc of blood weie given, with- 
out evidence of spontaneous regeneration of blood After the tians- 
fusions weie discontinued there was a use in the number of reticulocytes 
and of red blood cells, followed by recovery The granulocytes recovei ed 
moie slowly than did the led blood cells 

In the treatment of a moribund patient with aplastic anemia, Osgood, 
Riddle and Mathews 131 tried mtiavenous injection of bone manow 
suspended in the donor’s blood The cells disappeaied rapidly fiom the 
circulation Theie was no untowaid reaction, but the authors expiess 
doubt that theie was any theiapeutic benefit from the piocedure Din- 
ing fifty-two days, fort) -thiee blood tiansfusions weie gi\en, totaling 
21,870 cc Death was due to sepsis with teimmal bionchopneumonia 
Pentose nucleotide and livei extiact weie meficctn e 

HEMATOLOGIC CHANGES ASSOCIATED WITH INFECTION 

Leukemoid leactions of the myeloid type have been classified recently 
by Heck and Hall 132 These authors stiess the fact that the hematologic 
pictuie simulates that of leukemia, but at autopsy there is no evidence 
to support this diagnosis In the piesence of pyogenic infections theie 
are an increase m the polymoiphonucleai neutiophils, inci easing numbeis 
of mimatuie cells and degeneiative changes of the leukocytes The 
degiee of alterations is dependent on the virulence of the organism the 

128 Jordan, H E Aplastic Anemia, with Special Reference to the Signifi- 
cance of the Small Lymphocytes, Arch Path 27 1 (Jan ) 1939 

129 Ingraham, N R Complications Due to Arsenical Therapy m Syphilitic 
Pregnant Women, JAMA 112 1537 (April 22) 1939 

130 Boon, T II Aplastic Anemia with Complete Recovery, Brit M J 
2 1041, 1938 

131 Osgood, E E , Riddle, M C , and Mathews, T J Aplastic Anemia 
Treated with Daily Transfusions and Intravenous Marrow Case Report, Ann 
Int Med 13 357-367 (Aug ) 1939 

132 Heck, F J, and Hall, B E Leukemoid Reactions of the M\ eloid T\pe, 
JAMA 112 95 (Jan 14) 1939 
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lesistance of the host, the site and extent of the infection and the 
reactivity of the bone marrow These changes m the blood aie seen 
most often in children Diseases which may pioduce a similar hemo- 
poietic response aie specific blood dyscrasias, such as pernicious anemia, 
hemolytic anemia and polycythemia, h)perplasia of the bone mairow 
associated with acute hemouhage or with any severe anemia, and, 
lastly, diseases involving the bone and bone manow Heck and Hall 
state that since there aie a lesemblance in the blood pictuie to that of 
leukemia and a leukemoid 1 espouse, it is necessai) to difirei entiate the 
conditions for pui poses of tieatment and prognosis 

Arnidon 133 made careful hematologic studies in cases of acute infec- 
tions White blood cell counts, difieiential counts, filament-nonfilament 
counts and estimation of the toxic gianulation of the polvmoi phonuclear 
neutrophils and of the vacuolization of the ci toplasm wei e done in 330 
cases After establishing his own cntena foi mild, model ate, seieie and 
grave infections, the authoi endea\ ors to evaluate the changes which 
occur with infection He notes that m a senes of 14 cases of appendi- 
citis the filament-nonfilament index was alteied in e\er} instance, toxic 
gianulation was obseived m 73 pei cent of the cases studied, and degen- 
erative changes m the leukocytes weie recoided in 43 per cent Similar 
observations weie made m cases of pneumonia and m a senes of cases 
of miscellaneous infections 

In 39 cases of bacillary dysenteiy Gmsbuig and his co-uoikeis 1>M 
observed a noimal white cell count oi mild leukocytosis A “shift to 
the left” of the neutrophils was noted in 95 pei cent of the cases With 
lecovery the hematologic pictuie leierted to noimal Gezehus 13 ’’’ 
studied the changes m the blood in 31 cases of iheumatic fe\ei It is lus- 
opmion that the occuirence and seventy of the anemia are an accurate 
index of the activity of the disease He also points out that the sedi- 
mentation rate parallels the seventy of the anemia and that both the 
anemia and the sedimentation rate should be carefully followed to detei- 
mme the course of the disease It is also the opinion of Hubbard ami 
McKee 130 that anemia is an indication of acute i heumatic fe\ ei 

Schmid 137 investigated the blood and bone mairow m cases of 
undulant fever His observations led him to conclude that the changes 

133 Amidon, E L Hematologic Studies in Acute Infections, J Lab & Clin. 
Med 24 1009, 1939 

134 Gmsburg, H M , Hirschberg, E M , and Brisker, F Bacillary Dysen 
tery, J A M A 113 1321 (Sept 30) 1939 

135 Gezehus, G Die Anamie bei akuten rheumatischem Fieber lm Kindesalter, 
Acta pasdiat 23 361, 1939 

136 Hubbard, J P , and McKee, M H The Anemia of Rheumatic Fever, 
J Pediat 14 66, 1939 

137 Schmid, N Blut und Knochenmark bei Morbus Bang, Schweiz med. 
Wchnschr 69 191, 1939 
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associated with undulant fever aie similai to those obseived m cases of 
typhoid fevei Theie is occasionally mild anemia The white cells aie 
usually 1 educed but occasionally noimal in numbei L) mphoc) tosis pie- 
dommates, and often theie is monocytosis Associated with the neutio- 
penia is a “shift to the left” of the polymoiphonucleai neutiophils The 
eosinophils aie absent, and the platelets aie unalteied Studies of the 
blood m about 300 cases of biucellosis weie also made b) Caldei and his 
associates 138 Their lesults are sinnlai to those of Schmid These 
authors emphasize that this blood pattei n is specific for Bang’s disease 

The opinion of Vaizey and Clark-Kennedy 130 in regaid to the anemia 
occurring with infections is most intei estmg These authors point out 
that the early liteiatuie stated that dental sepsis is often consideied the 
cause of anemia but that in the light of lecent investigations theie is 
little pi oof oi evidence to suppoit this view Hemoglobin metabolism 
m the piesence of chiomc infection was studied by Vaughan and Saifi 11(> 
They noted a hypei plastic and not an aplastic maiiow m association 
with the usual noimocytic oithochiomic anemia Then studies on 
urobilinogen excietion gave no supportive evidence of an abnoimal 
breakdown of hemoglobin Poiphyim excretion was increased, and to 
the authois this suggested a disturbance m hemoglobin synthesis or 
degradation In conclusion the authois state that this abnormality of 
hemoglobin synthesis is dependent on the piesence of infection and is 
lesponsible for the anemia associated with a chiomc septic piocess 

ANEMIA ASSOCIATED WITH CANCER 

Although anemia has been identified foi many years as a clinical aid 
m the diagnosis of cancer, the method of its production is not definitely 
known The type of cancer, its site, the presence oi absence of metas- 
tasis, the occunence of bleeding and the questionable effect of a toxic 
cancerous agent on the bone maiiow must all be included in con- 
sidenng the pathogenesis of the anemia Vanous types of anemia have 
been described 

Monasteuo 141 studied the morphologic and pathologic aspects of 
hemopoiesis in 33 cases of carcinoma of the stomach Normoc} tic In po- 
chromic anemia was the most common, less fiequently noimochronuc 
anemia was obseived, and raiely was h)pei chromic anemia noted The 

138 Calder, R M , Steen, C , and Baker, L Blood Studies in Brucellosis, 
JAMA 112 1893 (May 13) 1939 

139 Vaizey, J M , and Clark-Kennedy, A E Dental Sepsis in Relation to 
Anaemia, Dyspepsia, and Rheumatism Brit M J 1 1269, 1939 

140 Vaughan, J M , and Saifi, M F Haemoglobin Metabolism in Chronic 
Infection, J Path &. Bact 49 69, 1939 

141 Monasterio, G La smdrome anemica del carcinoma gastnco e sua pato- 
genesi, Haematologica 20 443, 1939 
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bone marrow was noimal in most instances but was occasionally hyper- 
plastic The author states that m some atypical cases megaloblasts and 
basophilic normoblasts were predominant m the bone marrow He also 
descnbes the rare occurrence of plasma cells and histiocytes 

It is suggested by Liechti 142 that such secondary diseases as gastric 
cancer and tuberculosis, when piesent m a patient with known pei- 
mcious anemia, do not exaggerate the macrocytic anemia but rather 
alter the blood picture and produce nnciocytic anemia This authoi 
points out that, since the hemopoietic changes often precede the clinical 
symptoms, patients with pernicious anemia should be caiefully studied 
not only as legards relapse but for the occurrence of complications 

The pathogenesis of the anemia associated with gastric caicmoma 
was investigated by Schenken and his associates 5 At autopsy the 
stomach showed a widespread neoplasm involving the entire piepylonc 
and pyloric areas , the entire mucosa was i eplaced by malignant tissue 
There was no evidence of metastasis An extract was piepared from the 
liver of the patient and given to a patient with pernicious anemia in 
relapse No response was observed, although the patient subsequently 
lesponded to a similar extract prepared from the livei of a patient who 
died as a lesult of a cerebial hemorrhage Apparently the patient with 
the gastric carcinoma was unable to produce any intrinsic factoi, and 
consequently the liver was deprived of its leseive of erythropoietic 
maturing substance This obseivation is certainly in agreement with the 
piesent conception of the physiology of hemopoiesis 

ANEMIA ASSOCIATED WITH ENDOCRINE DYSTUNCTION 

A clinical investigation of the relation of the hemopoietic phenomena 
to endocrine disorders m women was made by Sharp and Mack 143 
Appi oximately 25 per cent of the 450 patients studied had anemia In 
the group that had primary pituitary-thyroid disoiders, including 
patients from the menarche to the age of 24, the blood usually showed 
normocvtic anemia, and hypochromic anemia, was rare Purpura was 
common and was often accompanied with a piolonged bleeding time 
The platelets were noimal or decreased in numbei Women ranging m 
age fiom 25 to 39 weie included m the group with “secondaiy thyro- 
ovanan failure” Plypochromic microcytic anemia was usually piesent 
Thrombopema and purpura were observed frequently Other important 
characteristics were koilonychia, achlorhydria, dry skin, buttle hair, 
pallor, dysphagia and glossitis In the last group, which included 

142 Liechti, H Zweite Krankheit bei permcioser Anamie, Schweiz med 
Wchnschr 69 172, 1939 

143 Sharp, E A , and Mack, H C The Relationship of Hemopoietic Phe- 
nomena to Endocrine Disorders in Women, Endocrinology 24 202, 1939 
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women fiom the age of 39 to the menopause, hjpochiomic miciocytic 
anemia w as pi edommant 

In summary, these authois point out that in 35 2 per cent of the 68 
cases of anemia reported the condition occurred m women m the hist 
group They suggest that combined therapy be given for the glandular 
dysciasia and the anemia as needed In their opinion, since noimoc)tic 
noimochionuc anemia occuis in younger peisons and microcytic hypo- 
chi omic anemia m the older age gioups, the lattei type of anemia is an 
evidence of chronicity 

The pioduction of anemia by injections of pituitun (solution of 
posterior pituitary extract) was leported by Dodds and Noble and 
leviewed in one of our pievious articles These mvestigatois believe 
that the extract has a specific effect on the red blood cells Gilman and 
Goodman 144 have verified the '‘pituitary anemia” but emphasize the 
fact that the substance injected alters the electrolytes m the plasma, with 
a subsequent change m the osmotic piessure and lupturmg of the led 
blood cells Dohan, Jeffeis and Creskoff 145 have also noted anemia 
following the injection of extract of antenor pituitaiy in dogs These 
authois, however, made no effoit to explain the pathogenesis of the 
anemia 

The sternal marrow of noimal peisons and that of patients with 
hypeithyroidism and hypothyroidism weie studied by Jones 110 In the 
noimal marrow appi oximately 6 2 per cent of the cells weie nucleated, 
and the myeloid-erytlnoid latio was 2 1 to 4 1 In the mairow fiom 
persons with hyperthyioidism theie were 13 5 pei cent of nucleated cells, 
and the myeloid-eiythioid ratio was 5 1 to 20 1 Bone maiiow fiom 
patients with myxedema revealed some atiophy Theie weie appi oxi- 
mately 2 4 per cent of nucleated cells, and the myeloid-erythi oid ratio 
was 1 1 to 3 1 Anemia was present in the 7 cases of myxedema 
investigated, theie was no alteiation m the blood of the 12 patients with 
hypeithyioidism Miciocytic, maciocytic and noimocytic anemias 
occuired m the myxedematous group The last-mentioned type was 
the most common With adequate tieatment the bone mairow leturned 
to noimal, and the anemia was eliminated The hemopoietic changes 
observed appeared to paiallel the increase m metabolism The authoi 
believes that the thyioid gland has both a quantitative and a qualitative 
legulatoiy effect on the bone manow 

144 Gilman, A , and Goodman, L Pituitnn Anemia, Nature, London 143 
379, 1939 

145 Dohan, F C , Jeffers, W A , and Creskoff, A J Blood Pressure and 
Plematology m Dogs Injected with Antenor Pituitary Extiact, Proc Soc Exper 
Biol & Med 39 327, 1938 

146 Jones, R M Human Sternal Marrow in Hypertlnroid and Mjxcdema- 
tous States, Proc Soc Exper Biol & Med 41 55, 1939 
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IRON DEFICIENCY 

lion Metabolism and Expenmental Anemia — The conditions under 
which iron may be absoibed fiom the alimentary tiact continue to 
challenge investigation, particulaily since the fundamental question of 
whether iron is received by the blood plasma and transpoited to certain 
tissues foi storage 11 respective of need 01 whether absorption of the 
metal is nicely adjusted to functional lequirements has met vaiymg 
leplies from separate souices Neveitheless, the conclusion seems wai- 
1 anted that the change in emphasis fiom ini estigations based on excieted 
non to determination of the lion content of plasma and tissue oral 
administration of the nnneial maiks a significantly progiessive step m 
the acquisition of facts concerning non metabolism 

Continuing then studies on non in the blood, Moore and his asso- 
ciates 147 selected as subjects 16 healthy young women with lelatnely 
constant levels of erythiocytes and hemoglobin They found that indi- 
vidual variations of the content of the iron seium ranged tlnoughout the 
day and during a six month period from extremes of 0 01 to 0 065 mg 
per hundied cubic centimeteis but that the changes followed no direc- 
tional tiend With these noimal subjects the values weie unaffected by 
oral admimstiation of livei oi of medicinal non Studies of “nonhemo- 
globm blood iron” have been complicated by the presence of a fraction 
combined with the erythiocytes but dissociated from hemoglobin by the 
action of dilute acids or alkalis The function of such “easily split-off” 
iron was not clearly undei stood until Balkan and Schales 148 demon- 
strated that this form of iron is piobably derived from an mteimediary 
compound formed during the breakdown of hemoglobin Moore and lus 
associates found that “easily split-ofif” iron vaned in the same normal 
subject from 2 26 to 3 73 mg pei hundred cubic centimeteis 

Moore and his co-workei s 20 observed the changes in n on content of 
the serum following oial admimstiation of the metal to dogs and to 
patients with differing forms of anemia They detei mined that absorp- 
tion of iron from the gastrointestinal tract leads dnectly to mciease in 
serum iron and that no mteimediate rise m the iron content of the lymph 
of the thoracic ducts can be obseived Furthermore, m dogs the concen- 
tration of iron m the serum is directly proportional to the size of the oral 
dose until the quantities given exei t local toxic effects oi induce changes 
in intestinal motility F enous compounds soluble in watei effect com- 
parable increases of serum non in patients with appiopnate types of 

147 Moore, C V , Minnich, V, and Welch, J Studies m Iron Transporta- 
tion and Metabolism III The Normal Fluctuations of Serum and “Easily Split- 
Off” Blood Iron in Individual Subjects, J Clin Investigation 18 543, 1939 

148 Barkan, G , and Schales, O Chemischer Aufbau und physiologische 
Bedeutung des “leicht abspaltbaren” Bluteisens dreizehnte Mitteilung in der Reihe 
der Eisenstudien, Ztschr f physiol Chem 248 96, 1937 
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anemia, legal dless of the degiee of gastric acidiu or its total absence 
These authors also observed geneially higher values for serum iron after 
admmistiation of ferrous compounds than aftei its admimstiation of 
iron m the tnvalent form The concomitant use of reducing agents, 
such as ascorbic acid and sodium formaldeh)de sulfoxjlate, appealed 
to enhance the absorption, as reflected by the serum iron, of both feiious 
and feme compounds, and this observation the authois mterpiet as 
further evidence that lion is absoibed largely, if not entnel}, in the 
bivalent form Bile pigment, chloiopbyll and its derivatives, the sec- 
ondary anemia fi action of liver and gastric mucin given m conjunction 
with iron failed to influence the subsequent seium increments of the 
metal Of interest also is the demonstration by these authois of the 
apparently selective absorption of iron by patients with iron deficiency 
anemia as opposed to those with pernicious anemia, who alieady possess 
high concenti ations of iron in the seium It is the view of Mooie and 
his colleagues that the hydrochloric acid of the stomach effects solution 
and ionization of iron salts and delays the subsequent formation in the 
intestine of insoluble and undissociated compounds Fuitheimore, 
1 educing substances in the intestine tend to retard the action of alkaline 
secretions in foimmg such physiologically ineit non compounds Studies 
similar m scope are repoited by Cosyns, 140 who gave feirous and feme 
salts containing equal amounts of iron to normal men and dogs and to 
pigs with nutritional anemia He found that uses m the level of seium 
non followed oral admmistiation of feirous compounds, whereas admin- 
istration of the trivalent form of the metal led to little if any evidence of 
absoi ption 

Hemmeler 150 also has lepoited lesults of detei mutations of seium 
non concentration He found for healthy men a range of 100 to 130 
microgiams of lion per hundred cubic centimeteis and for menstruating 
women a lange of SO to 100 miciogiams, but the values for nonmenstiu- 
atmg women equaled those foi men He determined the level of serum 
lion m cases of various types of anemia and found low values, such 
as 38 miciogiams per hundied cubic centimeters, in cases of achylic 
chloi anemia and high levels, such as 218 microgiams per hundred cubic 
centimeteis, m cases of pernicious anemia Appropriate therapy lesulted 
m noi mal values foi serum non On the basis of his observations of 
seium non m conditions associated with jaundice Hemmeler concluded 
that the liver plays an unpoitant pait in the secietion of iron and that 
its role m the mechanism of regulation of non is moie important than 
that of the intestine 

349 Cosyns, H Etude comparee des courbes de resorption des sels ferreux 
et des sels ferriques, Compt rend Soc de biol 130 786, 1939 

ISO Hemmeler, G Serumeisen und Eisentberapie, Schweiz med Wchnschr 
€9 ‘316, 1 939 , Serumeisen und Leber, Khn Wchnschr 18 1245 1939 
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An investigation by Jenkins and Thomson 151 of what they designate 
as nonhemoglobin cellular lion included 110 determinations in 24 cases 
of anemia One might assume that the fraction with which they were 
concerned is identical with the “easily split-off” non of Balkan, but 
their method foi its estimation, involving deteiminations of the total 
iron content of the blood and subtraction fiom this figure of the cal- 
culated amount of hemoglobin non based on a colorimetnc hemoglobin 
detei nnnation, is open to seveial senous objections Their results indi- 
cate that the “nonhemoglobin cellulai non” lepresents from 7 to 49 per 
cent of the total iron content of blood, the higher values occurimg in 
the presence of seveie anemia This finding is attnbuted by the authors 
to a hypothetic compensatoiy mechanism which retains erythrocytes m 
the cuculation beyond then normal span of survival, with consequent 
breakdown of some of the hemoglobin to intermediate non-containing 
compounds 

The oldei Anew of a specific non excietoiy function of the colon, 
which has been laigely disestablished by the work of Widdowson and 
McCance and otheis, was lemvestigated by Maddock and Heath 102 
They pei formed colonic explants on the abdominal v alls of 4 dogs and 
administered lion by mouth and by injection to these animals and to 
others, which had not been operated on They obtained no evidence by 
histologic examination and qualitative tests for non that the metal can 
be observed m piocess of excietion by any part of the alimentary tract 
in situ or by colonic explant Their woik suppoits the view that what- 
ever non may be excreted by the bowel is an extremely small amount 

Moie extensive studies of the behavior of radioactive iron are 
lepoited by Hahn and his associates 153 and by Manwanng 154 Employ- 
ing standardized anemic dogs, Hahn and his group ascertained that the 
need for iron detei mines its absorption, so that under ordinary circum- 
stances the requnement for excietion is explicably small Howevei, 
they fail to shaie the view that absorption of iron depends on diffei- 
ences m gradient between intestinal concentiations and plasma or lymph 
concentrations of the metal They agiee that iron is transposed by the 
plasma, and they leport detection of radioactive iron m circulating 
erythrocytes m an almost incredibly shoit time, amounting m some 
instances to but a few houis after absoiption Such non is also found 
m mobilizable foim m the livei, spleen and bone mairow In the same 

151 Jenkins, C E, and Thomson, M L The Non-Haemoglobin Cellulai 
Iron in Anaemia, Brit J Exper Path 19 417, 1938 

152 Maddock, S , and Heath, C W Is Iron Excreted by the Gastio-Intestinal 
Tract of the Dog ? Arch Int Med 63 584 (March) 1939 

153 Hahn, P F , Bale, W F , Lawrence, E O , and Whipple, G H Radio- 
active Iron and Its Metabolism m Anemia, J Exper Med 69 739, 1939 

154 Manwanng, W H Metabolism of Radioactive Iron, California S_ West 
Med 51 293, 1939 
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laboratory radioacine labeled iron fthe radioactive portion forms 
an infinitesimal fraction of the total dose j was injected intravenously 
into dogs m the form of ierrous gluconate The initial extra output m 
urine and feces during a period of three to fifteen days ranged from 
2 per cent to S per cent of the iron injected For an indefinite period 
after mtra\ enous administration of ICO to 250 mg the feces con- 
tained measurable amounts of radioactive “labeled iron varying from 
005 to 0 A mg per da\. Destruction of ervttirocvtes bv acetvl- 
pbeny Ihy cirazme caused a definite increase m the ‘labeled iron elimi- 
nated in the feces probably through the increased iron content of the 
bile In dogs the bile usually contributes \ery little iron to the intes- 
tinal contents ( about 0 01 mg per day) The Rochester im estigators 
conclude that the body controls its iron stores by absorption or lack of 
it rather than by its capacity to eliminate the metal The dog excretes 
iron \uth difficulty and m small amounts, e\en m the plethoric state, 
by means of the biLaiy and gastrointestinal tracts 

Hahn and Whipple 110 v. ere able to limit the production of hemo- 
globin by their standardized dogs by means of restriction of dietary 
protein e\en when excessne amounts of iron were gnen by mouth and 
by vein They found that under the stress of protein limitation the 
proteins of salmon muscle, banana and carrot were well utilized and that 
the ratio of dietary protein to hemoglobin production was 7 or 8 Gm 
to 1 Gm Whipple and Robscheit-Robbms 15 ~ observed the effect of 
spontaneous nephritis on the hemoglobin production of anemic dogs 
In the early stages of the disease little or no effect is manifest During 
more advanced nephritis there may be no change or a moderate decrease 
in production of hemoglobin In suen cases the arerage amounts to 
70 per cent of the normal production They conclude that spontaneous 
anemia m the nephritic dog cannot be expected to result irom this degree 
of impairment of hemoglobin production 

Using Whipple s method of preparing anemic and iron-depleted dogs 
by’ repeated bleeding W'lgodsKy and his collaborators '■' 5 tound that 
commerical preparations of gastric mucin stimulated production ot 
hemoglobm by amounts 55 to 70 per cent greater than could be 
accounted for by the quantities ot iron present m the preparation 

155 Hahn, P F , Bale, W F , Hettig, R A , Kamen, M D , and Whipple, 
X G H Radioactne Iron and Its E’ cretion .n Urine, Bile and Feces J Exper 

Med 70:443, 1939 

156 Hahn, P F, and Whipple G H Hemoglobin Production w Anemia 
Limited by Lov Protein Intale, J Exper Med 69*315, 1939 

157 Whipple, G H, and Robscheit-Robbms F S Nephritis and Its Influence 
upon Hemoglobin Production in Experimental Anemia J Exper Ivied 69 n85, 1939 

158 Wigodsky , H S , Bussabargcr R A , and Fogelson, S J The Effect 
of Gastric Mucin on the Hemoglobin Regeneration m Anemic Dogs J Lab &. 
Clm Med 25 13, 1939 
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Gastric mucin, however, in their studies was not as effective a stimulus 
to new hemoglobin foimation as was beef livei 

Fouts and his associates 150 produced hypochiomic and miciocytic 
anemia in 3 adult dogs by means of diets lacking in factor I, believed 
to be identical with vitamin B G , or the rat antidermatitis factor The 
anemia was not relieved by iron but was cured by the addition of crystal- 
line factor I These obseivations are believed by the authors to confirm 
their earlier conclusion that the antianemia factor of dogs and the anti- 
dermatitis factoi of lats are identical 

Gueriant and Hogan 100 induced milk anemia m gi owing rats and 
subsequently fed the animals diets containing deaminized casern The 
anemia peisisted and could not be leheved by supplements of individual 
essential ammo acids Of the proteins examined, casein proved to be 
the most potent source of the antianemia agent Lactalbumm and corn 
and wheat gluten were relatively ineffective Coinei 101 reported addi- 
tional observations on the pme disease (cobalt deficiency anemia) 
pievalent among sheep and cattle in certain parts of Scotland He found 
that 1 mg of cobalt daily for fourteen da)S cures the disease m sheep 
and pi events its recuuence for at least six months Latsky 102 con- 
filmed the woik of the Wisconsin investigators on the importance of 
coppei as a supplement to n on m the treatment of milk anemia of grow- 
ing lats He was able to obtain reproduction of rats receiving a milk 
diet supplemented only by non and copper 

Hypochiomic Anemia of Adults — Anemia dependent on bleeding 
peptic ulcer has leceived a considerable amount of attention in respect 
to rate of blood legeneration, because it is unique among hypochiomic 
anemias in its high incidence, its known and remediable causation and 
the oppoi tunities for its prolonged obseivation undei stnct dietary and 
medicinal management Lyons and Brenner 103 have reviewed the 
records of 237 cases obseived at the Peter Bent Bngham Hospital 
between 1913 and 1936 Values for hemoglobin were not consideied, 
but the -weekly late of erythropoiesis was determined m 177 cases on 
the basis of the lowest eiythrocyte count Apparently, speed of regen- 

159 Fouts, P J , Helmer, O M , and Lepkovsky, S Cure of Microcvtic 
Hypochromic Anemia in Dogs with Crystalline “Factor I,” Proc Soc E\per Biol 
& Med 40 4, 1939 

160 Guerrant, R E , and Hogan, A G Effect of Amino Acids on Anemia 
Caused bv Deaminized Casein, J Biol Chem 128 363, 1939 

161 Corner, H H Cobalt as a Factor in the Control of Nutritional Anaemia, 
Brit M J 2 169, 1939 

162 Latskv, J M Haematological Studies in Nutution, South African M J 
13 461, 1939 

163 I^ons, R H , and Brenner, C Erythropoiesis Following Bleeding Peptic 
Ulcer, Am J M Sc 198 492, 1939 
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eiation depended on the cunent degiee of anemia piesent, legal dless 
of the duration of the illness 01 the initial severity of the anemia The 
late of mciease of erythrocytes in their cases, m which the patients 
weie treated foi the most pait by a Sippy regimen, equaled that reported 
for patients receiving a libeial pureed diet and non (Meulengiacht , 
Schmid) The authors also came to the conclusion, held by some 
others, that beyond the actual increment of donated cells tiansfusion 
appealed to have no effect on the rate of eiythropoiesis In comment, 
it may be pointed out that a fallacy is involved m grouping patients with 
bleeding peptic ulcer without careful analysis of the case histoiy and the 
natuie of the anemia, since the extent of depletion of non and othei 
materials required foi blood formation, depending largely on the dona- 
tion of bleeding, may be expected to influence the rate of formation of 
led blood cells 

Pohle and Heath 104 1 epoi t that admimsti ation by mouth of acid and 
alkaline salts to patients with hypochionnc anemia tieated by parenteial 
admimsti ation of non failed to influence the late of legenei ation of 
hemoglobin, although changes in plasma volume weie induced by alter- 
ing the hydrogen ion concenti ation of the blood They obtained an 
average of 70 per cent utilization of non injected mti amusculai ly in 
new hemoglobin foimation 

Detei nunations of the ascoi bic acid content of the blood plasma wei e 
made by Alt, Chinn and Fanner 105 foi 44 patients with achlorhydria 
associated with pernicious anemia oi iron deficiency anemia In the 
case of pei sons whose dietary histones indicated adequate intake of 
vitamin C, the ascorbic acid content of the blood was deci eased fiom 
0 87 mg per hundred cubic centnneteis, the average foi nonnal persons, 
to 0 57 mg, the average foi patients with pernicious anemia When 
the diet had been deficient in vitamin C the value foi nonnal peisons 
was 0 64 mg , for peisons with pernicious anemia 0 47 mg and foi those 
with iron deficiency anemia 0 45 mg pei hundied cubic centimeters 
The authors suggest vanous factors to which these lelatively low values 
may be attnbuted, namely, destruction of vitamin C m alkaline gastnc 
juice, destruction by bacteria and malabsorption 

Five cases of hypochromic anemia occuinng m men are i epoi ted 
by Thiele 1GG The age lange was 14 to 49 years Two of the patients 

164 Pohle, F J , and Heath, C W The Influence of Acid and Alkaline 
Salts upon the Blood m Hypochromic Anemia Treated by Iron Paienterally, Am 
J M Sc 197 437, 1939 

165 Alt, H L , Chinn, H , and Farmer, C J The Blood Plasma Ascorbic 
Acid in Patients with Achlorhydria (Pernicious and Iron Deficiency Anemia), 
Am J M Sc 197 229, 1939 

166 Thiele, W Ueber Anamien vom Typ der essentiellen Hypochromanamie 
bei Mannern, Deutsche med Wchnschr 65 208, 1939 
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had complete anacidity In all cases a lustoiy was obtained of lickets 
m childhood, or osseous deformities suggestive of infantile rickets were 
apparent The author suggests that deficient mineral endowment before 
birth may play a part in the subsequent development of both rickets and 
non deficiency anemia Two cases of achlorhydric hypochromic anemia 
associated with penpheral neuritis aie leported by Worster-Di ought 
and Shafar 48 In 1 the patient was a man of 74 'whose anemia was 
attubuted to bleeding hemoi rhoids, and in the other the patient was 
a woman of 51 in whom the condition followed partial gastric lesection 
for ulcer of the stomach The authois icport that the objective neuro- 
logic findings improved after lion theiapy and lecovery fiom the anemia, 
but the possible influence of a deficiency of the vitamin B complex does 
not appear to have been sufficiently considered 

Changes in the blood following operations on the stomach veie 
observed by Fravi 107 and by Dreher 108 The former found 16 instances 
of anemia, pnmaiily hypochiomic, among 50 patients who had under- 
gone vanous degrees of lesection of the stomach The lattei author 
leports the hematologic values in 101 cases two to eleven yeais after 
partial gastnc resection Of these, the erythrocyte count was less than 
4,500,000 per cubic millimeter m 50 cases, and the color index was 
greater than 1 in 60 cases and below 1 in 29 In 40 cases the mean 
diametei of the eiythiocytes was above 7 8 microns, and in 60 the 
leticulocyte percentage was above 5 Thirteen patients were found to 
have anemia associated with an increased led cell diameter, a high coloi 
index and an elevated reticulocyte percentage The syndiome, including 
anemia, fiequently lesulting from lemoval of parts or all of the stomach 
is reviewed from both clinical and expenmental points of view by 
Leioux and Vermes 82 The authois emphasize the i elation between 
gastroduodenal function and hemopoiesis 

In a discussion of the treatment of iron deficiency anemia, Fowlei 
and Baier 109 conclude that administration of inorganic feirous com- 
pounds is piefeiable to the use of othei iron preparations So far as 
effect on hemopoiesis is concerned, they find no indications for the 
employment of such supplements to medicinal lion as extracts of livei, 
vitamins oi other metals Smulai conclusions aie arrived at by 
Whitby 170 In discussing the mechanism of pioduction of non defi- 

167 Fravi, G G Ueber Sekretions- tmd Blutveranderungen nach Magen- 
operationen, Schweiz med Wchnschr 69 174, 1939 

168 Dreher, M Veranderungen des roten Blutbildes nach Magenresektion, 
Ztschr f khn Med 136 525, 1939 

169 Fowler, W M , and Barer, A P The Treatment of Ii on Deficiency 
Anemias, JAMA 112 110 (Jan 14) 1939 

170 Whitby, L E N Advances in Anaemia and Blood Diseases, Practitioner 
143 391, 1939 
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ciency, Delachaux 171 emphasizes the impoitance of digestive distui- 
bances leading to impaiied absoiption of non and failuie to utilize iron 
after its absoiption When the latter condition is piesent the author 
believes that livei extiacts, manganese and copper may be of value 

Nutuhonal Anemia of CJnlchen — The subject of non metabolism m 
infancy has been leviewed by Wallgren, 172 who also repoits his own 
studies on balance, earned out dui mg the fast year of life with infants 
boin prematuiel) He concludes that the anemia of prematuie infants, 
prevalent duimg the hist two or thiee months, results fiom mci eased 
destiuction of blood and is not 1 elated to non deficiency He found 
no evidence of functional incapacity of the mari ow m such cases, except 
possibly a relative one due to the demands incident to lapid increase 
of blood volume The need for new blood with its associated demands 
foi blood-founmg matenals, especially non, is responsible m large pait 
foi the lowei values for eiytlnocytes and hemoglobin which persist m 
the case of piematuie infants aftei the peiiod of postfetal hemolysis 
But also of impoitance, according to the authoi, are the effects of 
exogenous factois on utilization of blood-buildmg substances Such 
factois, especially common among piematuie babies, include dietaiy 
enors and infections 

Josephs 173 studied the intake and output of non of normal infants 
and found evidence of appi oximately 60 per cent absoiption of dietaiy 
non Retention was deci eased duimg infections and m infants not 
receiving vitamin D The influence of infection may, however, be 
attiibuted to diminished intake of food Josephs found that letention of 
iron tends to be above the average in cases of anemia even when the 
level of hemoglobin is falling, an obseivation which appeals to be opposed 
to the usual concept of iron deficiency anemia and suggested to the 
authoi that “avidity of the tissues for iron might be a factor m the 
pi oduction of anemia ” It is concluded that availability of tissue iron 
is important m the consideiation of non deficiency as a cause of anemia 

In a study of the utilization of medicinal iron, Josephs 174 found that 
retention was enhanced when the daily intake exceeded 2 mg per 
kilogiam of body weight The iron balance became negative when the 
total amount taken into the alimentaiy tiact was approximately 0 1 mg 

171 Delachaux, A Remarques au sujet de la conduite therapeutique dans 
les anemies par manque de fer, Rev med de la Suisse Rom 59 278, 1939 

172 Wallgren, A Le fer dans la nutrition de l’enfant Recherches sur le 
metabolisme du fer chez les enfants prematures, nourris au sem, pendant la 
premiere annee de leur existence, Rev franc de pediat 15T17, 1939 

173 Josephs, H W Iron Metabolism m Infancy I Factors Influencing Iron 
Retention on Ordinary Diets, Bull Johns Hopkins Hosp 65 145, 1939 

174 Josephs, H W Iron Metabolism m Infancy II The Retention and 
Utilization of Medicinal Iron, Bull Johns Hopkins Hosp 65 167, 1939 
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pei kilogram pei day Greater letention of medicinal iron occurred 
m anemic infants than m those with a noimal blood picture Supple- 
mental y administration of copper appealed to increase the total utiliza- 
tion of medicinal iron but had little effect on the rate of utilization, it 
exerted no influence on letention of lion Foi seveial days after institu- 
tion of iron theiapy, stoiage of the metal pieceded its utilization In 
anemic infants the percentage of letamed non utilized for hemoglobin 
production vaned inversely with the amount retained When 2 mg 
or less per kilogiam pei day was retained the utilization was approxi- 
mately 100 pei cent The author compaies this to the high degree of 
utilization of injected iron, which he attnbutes to a dose of less than 

2 mg per kilogram 

According to Josephs, after a period of medicinal non therapy the 
increase in hemoglobin continues foi about two to three weeks, and 
then the values lemam stationaiy even though all the letamed iron 
has not been used and the level of hemoglobin has not attained normal 
limits He concludes that medicinal non possesses an important legula- 
toiy function in iron metabolism and erythropoiesis apart fiom its lole 
as a “building stoie” for hemoglobin 

The possible relation of lowered secietion of acid b} the stomach 
to the nutntional anemia of infants and }Oung children has been studied 
by Wilson 175 In 12 cases of hypochromic anemia in young clnldien he 
found 8 children with achlorhydna and 4 with hypochlorh) dna after 
stimulation with alcohol oi histamine Tieatment -with hjdrochlonc 
acid, 1 to 2 cc of a 10 per cent solution esery fom houis foi seven to 
fourteen da}'s, failed to elicit a reticulocyte i espouse Good theiapeutic 
lesults weie obtained fiom admmistiation of iron as fenous sulfate 
m a dose langmg fiom 0 65 to 2 Gm daily 

The value of a concentrated syrup made fiom cane sugar has been 
emphasized by Wilbar 170 in discussing the pievention of nutntional 
anemia in infants He found an aveiage value for hemoglobin for 242 
childi en i esidmg on a sugar plantation m Hawaii of 9 8 Gm pei 
hundred cubic centimeteis in 1936 Subsequently (m 1938), after the 
molasses supplement had been used, the average value foi hemoglobin 
was 12 6 Gm The cane sugar syiup contained non ranging from 1 to 

3 mg , and copper averaging 0 2 mg , pei hundred cubic centimetei s 
The lelatively high value for coppei may be attnbuted to the prepara- 
tion and concentiation of the syrup m coppei kettles As a more or 
less complete dietary adjunct to milk m the feeding of young infants, 

175 Wilson, R The Relation of Achlorhydria to the Nutritional Anaemia 
of Children, Canad M A J 41 1 76, 1939 

176 Wilbar, C L, Jr A New Carbohydrate for Prevention of Nutritional 
Anemia in Infants Prehminarj' Report, Am J Dis Child 58 45 (July) 1939 
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Takuma and Salon ai 177 advocate soy bean meal The product is a 
nch souice of piotem and in this respect compaies favoiably with casein, 
possessing a high content of the essential ammo acids tryptophan and 
histidine It also contains unsaturated fat and vitamins A and D and 
is especially well suppled with the B complex Fuitheimoie, soy bean 
meal is 1 datively nch in non and coppei Infants with nutritional 
anemia impioved lapidly when soy bean meal was added to the diet 
m amounts of 26 to 42 Gm daily foi the age gioup between 1 and 10 
months and m quantities between 400 and 600 Gm daily foi oldei 
childien Accoidmg to Leslie and Bnskas, 178 mobilization of tissue 
non is facilitated by admimstiation of coppei salts 

Hutchison 179 studied 300 infants in the first year of life He found 
abnoimally low values foi hemoglobin in 26 pei cent of bi east-fed infants 
and m 35 pei cent of those leceivmg cow’s nnlk fonnulas He con- 
cluded that the important etiologic factois of the nutntional anemia of 
infancy aie undue pi olongation of an exclusive nnlk diet, low buth 
weight and persistent infection As a pieventive measuie he lecom- 
mends admimstiation of lion and ammonium citiates, 0 3 to 0 6 Gm 
daily, or the use of diet supplements to which non has been added 
Eight bundled and eight) -thiee lural school childien m Flonda weie 
examined by Abbott and Ahmann, 180 who found hemoglobin levels of 
less than 9 64 Gm pei hundied cubic centimeteis m 50 per cent An 
additional 31 pei cent had concenti ations below 117 Gm Iron and 
ammonium citiates, 1 Gm thiee times a day, gave good lesults in spite 
of inadequate diet or hookwoim infestation Diets Avell supplied with 
foods high m iron content failed to influence subnoimal values foi 
hemoglobin after ninety days of use 

The subject of nutntional anemia of infancy and childhood has been 
leviewed by Smallwood 1S1 and by Moore 182 The latter emphasizes 
the value of the feirous salts of non and advocates then use without 
coppei oi livei fraction supplements Parenteial admimstiation of 
non is lecommended only in cases of peisistent dianhea 

177 Takuma, T , and Sakurai, K Ueber die blutbildende Wirkung des 
Sojamehls, Monatschr f Kinderh 79 62, 1939 

178 Leslie, E , and Briskas, SB Le traitement cuprique des anennes pai 
carence alimentaire chez le nournsson, Medecine 19 618, 1938 

179 Hutchison, J H Nutritional Anaemia in Industrial District, Arch Dis 
Childhood 13 355, 1938 

180 Abbott, O D, and Ahmann, C F lion Deficiency Anemia in Children, 
Am J Dis Child 58 811 (Oct) 1939 

181 Smallwood, W C The Anaemias of Infancy and Childhood, Practitioner 
142 453, 1939 

182 Moore, C V Nutntional Anemias of Infancy and Early Childhood, Ohio 
State M J 35 25, 1939 
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Anemia of Piegnancy — An understanding of the physiologic vana- 
tions of the blood m pregnancy is essential to accuiate analysis and 
interpretation of pathologic observations As yet, however, such 
knowledge is decidedly incomplete A numbei of studies have been 
recently repoited of the changes occurring in the blood m apparently 
healthy pregnant women Unfortunately, however, some of the woik 
is open to question because of appaient technical errors and inaccurate 
calibration m the measunng of hemoglobin 

The hematologic values for 1,000 pnvate obstetnc patients are 
leported by Eskridge and Seiwei 183 The data aie difficult to intei pi et 
because of the method of piesentation, but the lowest lange of eiythro- 
cyte counts was between 3,000,000 and 3,500,000 per cubic millimeter 
and lepiesented, apparently, 5 1 pei cent of the patients obseived during 
the fiist trimester, 7 8 pei cent dui mg the second tinnester and 16 4 
per cent during the last three months of gestation The lowest range 
of hemoglobin levels was between 10 2 and 11 9 Gm pei hundied cubic 
centimeteis and represented 15 8 pei cent of the patients in the fiist 
trimester, 15 5 per cent in the second and 38 0 pei cent m the thud 
However, the values for hemoglobin appear to be geneiall) too high in 
companson with the eiythiocyte counts, possibly because of the use 
of inaccurate calibiation m an older method of detei mination 

The effect of pregnancy on the blood picture was studied by Kenyon 
and Macy, 184 who obseived hourly pl^siologic vacations m the counts 
Many of their erythiocyte counts are, however, inexplicably low. 
Sternal mariow was aspnated from pregnant and nonpiegnant women 
by Pitts and Packham 185 Nucleated cell counts and differential counts 
were made, but the practice of the authors of lemoving 10 cc of so-called 
marrow leads to inclusion of such a dispropoi tionate amount of circu- 
lating blood, probably at least 99 per cent, that quantitative statements 
concerning the composition of the mairow are open to question The 
hematologic values foi 525 piegnant women weie detei mined by Gott- 
lieb and Stiean 180 Of these, 275 received no antianemia theiapy, and 
250 were given various pi epai ations of non The blood of the infants 
w^as studied m 100 cases Among the untreated patients the average 
values for hemoglobin during the three tnmesters weie lespectively 

183 Eskridge, J B, Jr, and Serwer, M J Blood Studies m Private 
Obstetrical Patients, South M J 32 24, 1939 

184 Kenyon, F , and Macy, I G Hourly Physiologic Variations m Peripheral 
Hemoglobin, Red and White Counts of Women Effect of Pregnancy upon Blood 
Counts, Human Biol 10 511, 1938 

185 Pitts, H , and Packham, E A Hematology of Sternal Marrow and 
Venous Blood of Pregnant and of Non-Pregnant Women, Arch Int Med 64 471 
(Sept) 1939 

186 Gottlieb, R , and Strean, G J The Prevention of Maternal and Infant- 
Anemia, Surg , Gynec & Obst 68 869, 1939 
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112 Gm , 10 5 Gm and 91 Gm per hundied cubic centimeteis A 
similai decline in the level of hemoglobin did not occur m the non- 
tieated group lion and ammonium citrates, reduced non, fenous 
sulfate with vitamin B complex and fenous carbonate with copper were 
employed All yielded good results, and no advantage seemed to attend 
the use of the two last-named, “supplemented” prepaiations The 
authois made the intei estmg obseivation that the infants of untieated 
mothers at birth possessed an aveiage erythiocyte level of 7,000,000 
per hundied cubic centimeteis and a hemoglobin concentration of 16 8 
Gm wheieas the values for infants of the tieated group were, iespec~ 
tively, 5,290,000 pei cubic millimeter and 15 44 Gm However, after 
thnty-two weeks the aveiage led cell count for the infants of untreated 
mothers was 2,860,000 pei cubic millimeter, and the hemoglobin content 
averaged 7 14 Gm , wheieas the lespective values for the infants of 
motheis who had leceived medicinal non dui mg gestation were 4,300,000 
per cubic millimeter and 11 48 Gm 

A study of the effect of admmistiation of non on the level of hemo- 
globin during pregnancy was carried out by Widdowson 187 Hemoglobin 
estimations only were done The piogiessive decline which characterized 
the values for hemoglobin in her cases was converted into a rise by 
admmistiation of eithei reduced non or iron and ammonium citiates 
However, after withdrawal of iron the values foi hemoglobin fell at 
appioximately the late obseived befoie institution of non therapy 
According to the author’s previously expiessed views on non absorp- 
tion and excietion, an excess of the metal should have been stoied during 
the penod of its administration Failuie of utilization of such stored 
iron is attributed by hei to lack of stimulus to the maiiow, and she 
believes that such incitement to hemopoietic activity may depend on 
high values for plasma iron However, in the absence of eiytlnocyte 
counts and deteimmations of cell volume, interpretation of Widdowson’s 
data is difficult 

Standards for noimal minimal values dui mg pregnancy have been 
set by Labate 188 at 4,000,000 per cubic millimeter foi erythiocytes and 
116 Gm for hemoglobin According to these cuteria, he found a 
48 per cent incidence of anemia among 881 pregnant women The 
prevalence of anemia of the macrocytic type was notable Dietary defi- 
ciencies appeared to exert an especially great effect on the blood picture 
m cases of pienatal complications Three hundied and twenty-five of 
Labate’s patients were given ferrous sulfate, 0 32 Gm three times a 
day At deliveiy the average eiythrocyte count was 4,090,000 per 

187 Widdowson, E M Iron Administration and Haemoglobin Levels During 
Pregnancy, Lancet 2 640, 1939 

188 Labate, J S Classification and Treatment of Anemias of Pregnancy, 
Am J Obst & Gynec 38 48, 1939 
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cubic millimeter, and the aveiage value for hemoglobin, 1161 Gm 
Three hundred and seven women were not given non, and at delivery 
the average values for red cells and hemoglobin were respectively 
3,010,000 pei cubic milhmetei and 8 16 Gm Labate found a moibidity 
late of 14 8 pei cent among the treated patients as compaied to a rate 
of 19 5 per cent m the untieated gi oup He concludes that “non therapy 
must be continued beyond the penod of hospital stay to have any 
significant effect on the eiythiocytes and hemoglobin of the postpaitum 
anemic patient ” 

Hemoglobin estimations and ei) tlnocyte counts were done in the 
cases of 88 piegnant women at monthly mteivals or oftener by Boui- 
dillon and his associates 189 The patients weie divided aibilianly into 
two gioups, and to the members of one was given iron and ammonium 
citiates, 4 Gm daily, wheieas those of the othei weie untreated An 
average decline in the concentiation of hemoglobin fiom the fifth to 
the ninth month of 0 7 Gm pei hundied cubic centimeters occuued in 
the untreated gioup, and an aveiage mciease of 1 15 Gm was obseived 
among those leceivmg lion The authois state in icspect to their cases 
that “multiple piegnancies, age, and po\eity weie all associated with 
a low hemoglobin, but which, if any, was the dominant factoi could not 
be detei mined ” 

Tentative standaids of noimahty foi the blood in piegnancy were 
foimulated b) r Bethell, Gaidmei and MacKinnon 190 The mean and 
minimum levels were based on data obtained at monthly mtenals during 
gestation fiom 30 women The cntenon foi selection of the cases was 
return m each instance to the noimal range of a allies for nonpregnant 
women at the seventh week aftei delivery in the absence of antianenua 
theiapy oi change in dietaiy habits The minimum normal values 
adopted for nonpiegnant women w r eie eiythiocytes, 4,130,000 pei 
cubic millimeter, hemoglobin, 12 17 Gm and packed cell volume, 37 5 
pei cent All detei nunations weie made in duplicate wuth oxalated 
venous blood, with certified mstiuments and standardized methods 
The lowest values weie found at the beginning of the seventh month, 
when the led cell count sometimes fell to a level of 3,500,000 pei cubic 
milhmetei and the hemoglobin content to 10 1 Gm The authois weie 
unable to attribute the physiologic decline m values during piegnancy 
solely to dilution of the plasma, since dui mg the fiist tnmestei of pieg- 
nancy a uniform deciease in the mean corpusculai hemoglobin was 
obseived and m the second tnmestei an mciease m the mean coipusculai 
volume was noted On the basis of such standaids of noimalit) an 

189 Bourdillon, J F , Cargill, D R , Cosh, J , and Miles, TAR Mild 
Anaemias m Pregnancy, St Thomas’s Hosp Rep 3 89, 1938 

190 Bethell, F H , Gardiner, S H , and MacKinnon, F The Influence of 
lion and Diet on the Blood in Pregnancy Ann Int Med 13 91, 1939 
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incidence of 53 8 per cent of tiue anemia was observed m 158 clinical 
cases studied In 26 pei cent the anemia was hypochromic and eithei 
normocytic or miciocytic, m 15 2 pei cent it was oithochromic and 
maciocytic, and in 12 pei cent it was hypochiomic and macrocytic 
Anemia m the fii st gi oup was atti lbuted solely to iron deficiency , in 
the second group it was attnbuted to dietaiy deficiencies related to 
inadequate intake of animal piotem, and in the thud group it was 
ascribed to a lack of both non and piotem In a controlled senes of 
clinical studies it was found that admimstiation of fenous sulfate alone 
in a dose of 0 32 Gm thiee times a day corrected anemia due to non 
deficiency, impiovement of the diet led to a satisfactoiy hemopoietic 
lesponse in cases of nutntional deficiency, but the most satisfactoiy 
results weie obtained in the lattei gioup when institution of a diet 
adequate in protein was combined with admimstiation of medicinal non 
It was also found that iron therapy given to a group of women with a 
piesumably noimal blood pictuie led to highei levels of hemoglobin 
after dehveiy than weie obsei \ ed in a gioup of untreated women with 
the same initial values 

Cases of pernicious anemia of piegnancy aie lepoited by Doi, 191 
Onhausei and Mitchell Gi and Ritter and Ciocker 102 The last-named 
authors descnbe a case of seveie macrocytic anemia of piegnancy with 
suboptimal response to paienteial livei extract and the subsequent 
development of a sinnlai macrocytic anemia in the infant After dehveiy 
the blood of the mothei leturned to noimal, and the infant gradually 
recovered, although not demonstiably as the lesult of admimstiation of 
livei extract, medicinal iron oi vitamin C 

A case of eiytluoblastic splenomegaly occumng in a young Negress 
dui mg pregnancy was lepoited by Mooie and Pastoie 120 At autopsy 
extramedullary eiythiopoiesis was obsei ved, but the bone mairow was 
said to be normal No explanation was given foi the distuibanee in 
eiythrogemc tissue except the suggestion that it may have followed 
one of the commonei forms of anemia of pregnancy 

An expel nnental study of the effect of maternal diet supplements on 
the size of the eiythrocytes of newborn rats was earned out by Bnese 
and ITiggms 193 Twenty pei cent (by weight) of desiccated hog stomach 
(ventncuhn) was added to the standaid lation for varying penods 
during gestation The size of the led cells was detei mined by measur- 

191 Dor, P L’anemie permcieuse gravidique , reflexions a propos de deux 
observations, Bull med , Paris 53 571, 1939 

192 Ritter, J A and Crocker, W J Macrocytic Anemia of Pregnancy and 
Anemia of the Newborn, Am J Obst & Gvnec 38 239, 1939 

193 Bnese, E, and Higgins, G M The Effect of Feeding Ventriculm to 
Pregnant Rats, with Special Refeience to the Size of the Red Blood Cells of the 
Young, Anat Rec 73 105, 1939 
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mg the diameters of 100 cells from each sample A total of 177 conti ol 
rats was used, the offspring of motheis on standard unsupplemented 
diets, and the mean eiythrocytic diametei was found to be 9 42 microns 
One hundied and twenty-five newborn test lats were examined, and m 
geneial it was found that the htteis of the mothers who had received 
ventncuhn possessed led cells with smallei diameters than those of 
the controls However, the lange of results was wide The authois 
conclude that maturation of the blood cells in the developing fetus is 
usually accelerated by addition of \entiiculm to the maternal diet 

POISONING BY PHYSICAL AGENTS 

Lead — 1 o tlnow some light on the value of the “basophilic aggicga- 
tion test” of infants as an evidence of lead poisoning, McCoid and 
Bradley 1 '' 4 studied the peicentage of led blood cells showing this phe- 
nomenon m newborn animals and human beings In the albino lat 
717 pei cent of the cells showed basophilic aggiegations at birth, and 
m infants, 5 3 pei cent revealed the same phenomenon In the case 
of the lattei the numbei diminished lapidly, leaching a level of 0 5 to 
2 0 pei cent by the eighth da> Thus beyond ten days an met ease in 
the numbei of cells showing basophilia is of pathologic significance in 
infants In young rats, howevei, a high percentage of erytlnocytes con- 
taining basophilic substance peisists until neai the hundiedth day of life, 
militating against the use of these animals in stud} mg expemnental lead 
poisoning 

In Gocher’s 15r ' study of lead woikcis, he found that a count of ovei 
2 stipple cells pei 2,000 red blood cells indicates toxicity and absorp- 
tion, the count being lnghei with the greater degiees of toxicity With 
the variations m the cycle of lead excietion, stipple cells may appear oi 
disappeai from the cu dilation Anemia may be absent (ovei 90 pei cent 
[Salih] hemoglobin) m cases of seteie poisoning Usualh, when there 
is poisoning the leading is 68 pei cent oi less When theie is mvohe- 
nient of the liver the readings aie usually fiom 65 to 70 pei cent 
Reticulocytes decrease in numbei with lessened exposuies to lead, rising 
when the hygiene is faulty The number is mci eased m patients with 
abdominal cramps and involvement of the neives and m patients with 
impending toxemia from lead poisoning The behavior of the leticulo- 
cytes seems to be independent of the stipple cells A case of a man 
m appaiently pei feet health with 100 pei cent leticulocytes is lecorded 

194 McCord, C P , and Bradley, W H Basophilic Aggregations m Blood 
of Newly Born (a) Laboratory Animals, ( b ) Humans, Am J Clin Path 9 
329, 1939 

195 Gocher, T E P Blood Examinations in Lead Poisoning, Northwest 
Med 38 289 (Aug ) 1939 
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The conditions present in eail)' susceptibility to lead are summarized 
as follows 1 An increase m leticulocytes occuis m all cases 2 An 
mciease m stipple cells occurs in about 25 per cent of the cases 3 A 
slight drop m diastolic pressuie has been obseived m 15 cases of 
“ciamps” 4 The hemoglobin peicentage and the number of led blood 
cells aie usually not affected 5 There is slight leukocytosis, with a 
count of about 10,000 per cubic millimeter in most cases 6 At first 
theie is an mciease m neuti ophils, to about 88 per cent at times 7 
Theie is an mciease in laige mononucleai cells, to 10 oi 12 per cent 
8 There is an initial mciease in eosinophils, to 4 to 10 pei cent, and 
then a decrease occuis 9 Polychromatophiha is present m varying 
propoitions in the red cells The blood pictuie and geneial health of 
patients suftenng fiom lead poisoning weie found by Holmes, Campbell 
and Ambeig 190 to improve lapidly after daily ingestion of 100 to 200 mg 
of vitamin C The stipple cells disappeaied fiom the blood stiearn, 
and the ui inary excietion of lead was reduced to normal limits 

Tompsett and Anderson 197 conclude that excietion of moie than 
100 microgiams of lead per hundied cubic centimeters of blood, or a 
total daily excietion of 1 mg oi more, is indicative of lead poisoning 
In rabbits made anemic by prolonged injection of lead salts, Lourau, 
de Sacy and Arthus 10S found that blood regeneration could be stimu- 
lated by injection of livei extracts which weie active m the treatment 
of pernicious anemia 

Benzene — Erf and Rhoads 199 repoited the changes in the blood of 9 
patients with benzene poisoning Of these, 8 lecoveied, and 1 died of 
myelogenous leukemia The authors present evidence that the abnormal 
late of destruction of blood may be one of the factors m the production of 
anemia in cases of benzene poisoning Hunter 200 emphasizes the 
importance of evaluation of the entn e blood pictui e m the early diagnosis 
of benzene poisoning Polycythemia, anemia, leukocytosis or leukopenia, 
leukemia or a leukemoid picture (myelogenous or lymphatic), eosm- 
ophilia, megalocytosis, miciocytosis or immatuie elements in otheiwise 
normal blood may chaiacterize individual patients 

196 Holmes, H N Campbell K , and Amberg, E J The Effect of Vitamin 
C on Lead Poisoning, J Lab & Clin Med 241 1119, 1939 

197 Tompsett, S L, and Anderson, A B Lead Poisoning Lead Content 
of the Blood and of Excreta, Lancet 1 559, 1939 

198 Lourau, M , de Sacy, G S , and Arthus, A Regenerations sanguines 
prodiutes dans le saturnisme experimental par un facteur hepotique hydrosoluble 
Generalite de la reaction, Compt rend Soc de biol 130 642, 1939 

199 Erf, L A , and Rhoads, C P The Hematological Effects of Benzene 
(Benzol) Poisoning, J Indust Hyg & Toxicol 21 421, 1939 

200 Hunter, F T Chron.c Exposure to Benzene (Benzol) II The Clinical 
Effects, J Indust Hyg & Toxicol 21 331, 1939 
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Mallory, Gall and Brickley 201 note that m cases of chronic benzene 
poisoning the entue hemopoietic system is affected The bone mairow 
may be hypoplastic but is more frequently hyperplastic Extiamedullary 
hemopoiesis is noted in some peisons Hypeiplasia is noted only after 
long exposuie, wheieas hypoplasia may appeal with eithei shoit or 
long exposuie Cm lously, h)q)erplasia is noted more commonly m 
males, whereas hypoplasia is moie common m females Some of the 
extramedullaiy changes lesemble neoplasms Two cases of leukemia 
weie observed, in 1 of which there was frankly neoplastic tumoi 
formation 

Feller 202 found that m lats the changes in the numbei of leukocytes 
m the penpheial blood and in the histologic structure of the tissues 
bi ought about by exposure to ladium or to benzene were similar How- 
ever, there were mam differences (eosinophil behavioi, initial lowering 
of the absolute numbei of neutiophils and smaller vanations in the 
numbei of eiythrocytes and the hemoglobin percentage foi the benzene- 
treated rats) that suggested a difteient mechanism in the action of the 
two agents Recovery w'as more lapid aftei the injur} from exposuie 
to benzene In workeis with the lotogravure process in New York, 
Gieenbuig, Mayeis, Goldwatei and Smith 205 found serious abnormal- 
ities m the blood from benzene poisoning m the absence of definite 
clinical symptoms The authois conclude that a i eduction in the number 
of led blood cells and an mciease in their size constitute a more sensitive 
and eaiher sign of benzene poisoning than does a low' leukocyte count 
Theie is an enormous difference in individual susceptibility 

Oestreicher 201 found that yellow'' bone mairow w'as without effect 
on expei imental benzene leukopenia m the lat Thiombopema with 
piolongation of the coagulation time of the blood is an initial and senous 
symptom m persons exposed to benzene, accoi ding to Mignolet 205 In 
the majonty of the cases the anemia is of the aplastic, hypei chromic type 
Eosinophilia is lelative and not absolute Gianulocytopenia is definite 
evidence that the poisoning is present, but the patient may lespond to 

201 Mallorj, T B , Gall, E A, and Brickley, W J Chronic Exposure 
to Benzene (Benzol) III Pathologic Results, J Indust Hyg <$. Toxicol 21 
35S, 1939 

202 Feller, A Der Einfluss des Radiums und des Benzols auf das Blut und 
auf die blutbildenden Organe nut besonderer Berucksichtigung der Leukozyten, 
Strahlentherapie 60 393, 1937 

203 Greenburg, L , Mayers, M R , Goldwater, L , and Smith, A R Benzene 
(Benzol) Poisoning in the Rotogravure Printing Industry in New York City, 

J Indust Hyg & Toxicol 21 395, 1939 

204 Oestreicher, F The Influence of Yellow' Bone Marrow' Extract on 
Experimental Benzene Leucopenia, Acta brev Neerland 9 260, 1939 

205 Mignolet, F Les memopathies du benzol, Sang 13 268, 1939 
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infection with neuti oplnlic leukocytosis Penati and Vigliani 200 found 
that patients with chionic benzene intoxication may show aplastic 
anemia with eithei aplastic or hypei plastic bone mairow and with occa- 
sional myeloid metaplasia m the liver and spleen as well as acute or 
chionic leukemia 

Wallbach 207 has summarized his pievious publication on the action 
of benzene and thorium-x on the blood Lamy, Kissel and Pierqum 208 
describe 10 cases of mdustiial benzene poisoning Anemia, puipuia 
and neuti opema weie present in diffeient patients In the cases of 
mild involvement theie was an erythi oblastic leaction while m the 
cases of seveie involvement the patients were marked by myeloid aplasia 
with hyperplasia of the cells of the i eticulo-endothehal system The 
piognosis is unceitam, and relapse may follow reexposuie Examina- 
tion of the blood and bone marrow gives data of value m judging the 
piognosis Repeated blood tiansfusions aie of theiapeutic value The 
authois advocate legislative measuies to pi event mdustiial benzene 
poisoning 

Othei Agents — Additional light on the mechanism of action of the 
roentgen ray on bone mairow is shed by the work of Bertola, Ravetta 
and Zelaschi 200 Roentgen therapy (210 to 630 l) was applied eveiy 
othei day to 4 nonnal persons and the same therapy (60 to 150 r) to 8 
patients with myelogenous and lymphatic leukemia and to 2 patients with 
malignant lymphogianuloma The bone manow was then studied from 
material taken by sternal punctuie No changes were noted m the 
erythroblastic tissue after n radiation m the nonnal persons or m the 
patients In the leukoblastic tissue theie appealed to be„mcieased 
matui ation of the cells, with fewei mitotic figuies and piophases and 
more telophases In cases of malignant lymphogianuloma the changes 
were less maiked These changes followed iriadiation of eithei the 
bones oi the spleen 

Congo red does not exeit a hemostatic action m noimal persons, 
according to the expenments of Richaidson 210 On intravenous mjec- 

206 Penati, F, and Vighani, E C Sul problema delle mielopatie aplastiche e 
leucemiche da benzolo, Rassegna di med appl lavoro indust 9 345, 1938 

207 Wallbach, G Resume de mes examens compares concernant Taction du 
benzol et du thorium X sur les reactions leucocytaires, Sang 13 719, 1939 

208 Lamy, M , Kissel, P , and Pierqum, L La myelotoxicose benzolique 
Etude climque et hematologique de dix cas d’intoxication professionelle par !e 
benzol, Sang 13 467, 1939 

209 Bertola, A , Ravetta, M , and Zelaschi, C Roentgen-irradiazione dei 
tessuti emopoietici in soggetti normah ed emopatici (modificazioni del midollo 
osseo) Nota preventiva, Gazz d osp 59 1255, 1938 

210 Richardson, A P Congo Red Hematologic Actions, Am J M Sc 
1S8 87, 1939 
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tion of large doses theie is a slight temporal y anemia with hemagglutina- 
tion, an effect absent with small doses Model ate leukocytosis (neutro- 
philia) and a maiked inciease in the sedimentation late result Congo 
led m dilutions of 1 1,000 protects the eiythiocytes of man against 
hemolysis fiom hypotonic solution of sodium chlonde, hypei tonic uiea 
and sodium taurocholate m saline solutions and saponin in dextrose and 
saline solutions 

Experimental chionic cadmium poisoning in albino rats was found 
to pioduce anemia at all levels of dosage m the work of Wilson and 
De Eds 211 The seventy of the anemia (type not stated) inci eased 
with the peicentage of cadmium added to the diet 

Meulengracht and Lundsteen- 1 ’ found that the gra) -bluish uolet 
cyanosis of acetanihd poisoning is due to a paranudophenol derivative 
and not to methemoglobin The anemia may be very severe, with a 
hyperplastic bone mariow involving all of the cellular elements Recov- 
ei\ is lapid, following discontinuance of ingestion of the poison 

BLOOD IN NLPIIRIUS 

Bock and Weyand 21d found that the anemia associated with various 
types of nephropath) is the result of increased destruction (indicated 
by urobilin determinations) and deficient rate of formation of the red 
blood cells The lack of reticulocytosis is attnbuted to rapid aging of 
the led blood cells or to letaided elimination from the bone marrou 
Nephropathies aie divided into “pale hypertension” (nephioangio- 
sclerosis with a blood piessuie ot 213 systolic and 129 diastolic), and 
“led hypertension” (nephioangioscleiosis with a blood pressure of 180 
systolic and 90 diastolic) In the foimei condition the total mass ot 
red blood cells is i educed and the plasma volume is inci eased, but in 
the lattei the cell and plasma volume aie noimal In cases of “pale 
hypertension” the led blood cells aie thin and pale and are small m 
volume but normal in diameter as compaied with noimal eiythiocytes 
in cases of “led hypertension” The most unpoitant factor of increase 
m cell catabolism, Bock and Weyand conclude, is not impairment of 
eiythrocytes in the piesence of contracted vessels but retention of urinary 
waste products 

211 Wilson, R M, and De Eds, F Experimental Chronic Cadmium Poison- 
ing, Science 90 498, 1939 

212 Meulengracht, E , and Lundsteen, E Die Cyanose und Anainie bei 
chromscher Acetanilid-Vergiftung, Folia haemat 63 89, 1939 

213 Bock, H E, and Weyand, L Ueber Anainie bei Nierenkrankheiten , die 
Blutmauserung bei Kranken mit blassem Hochdruck und solchen mit Uebergangs- 
formen vom roten zum biassen Hochdruck, Deutsches Arch f klm Med 184 369, 
1939 
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Nolli 214 finds f lom sternal punctuie of patients with nephutis that 
lesions of the bone marrow develop early In the piesence of renal 
sclerosis with anemia there is hypoplasia of the bone marrow In the 
presence of acute diffuse hemorrhagic glomerulitis with anemia the mar- 
row is of the type associated with posthemoirhagic anemia In the 
piesence of clnonic renal inflammation the output of stem cells is dimin- 
ished Aisemc, iron and liver extract are said to be of value early m 
the disease Terminally, theie is a gelatinous transformation of the 
mai row 

Loeper and Peri eau 215 found anemia to be present m 12 to 15 per 
cent of cases of clnonic nephritis It is usually orthochromic, occa- 
sionally hypochromic and raiely hypei chromic Leukocytosis appears 
m about half of the cases, occasionally with eosmophiha Possible 
mechanisms for the anemia are dilution of the blood, food deficiency, 
hemolysis, toxic action of amines and inhibition of blood regeneiation 
Therapeutic measuies include small blood transfusions, liver therapy, 
admimstiation of extiact of kidney, institution of a diet rich m vitamins 
and administration of tryptophan, panel eatic extracts and charcoal to 
reduce intestinal putrefaction 

Kobryner and Rozenkranc 216 considei that the elevation m the 
number of neutrophils in conditions accompanied with edema is asso- 
ciated with the increased density of the blood (concentration effect) 
Theie is a reduction m number of these cells with diuresis Nephritis 
caused little or no change in hemoglobin production m cases of induced 
hemorrhagic anemia m the early stages of the disease m a gioup of 
dogs studied by Whipple and Robscheit-Robbms 157 In the late stages 
of nephritis there was no change or moderate change in hemoglobin 
regeneration as compared with that obseived in “standaid anemic 
dogs ” The average production of hemoglobin was 70 per cent of the 
normal 

Ultrafiltrates of serum from patients with uiemia, with renal insuffi- 
ciency and with various other diseases associated with changes in blood 
chemistry were injected into rabbits by Marcolongo and Leone 217 
Alterations of the hemopoietic organs, especially hemosideiosis of the 
spleen, paienchymal degenerations, leukocytic changes and specific 
alterations due to the anemia-pioducmg piopeities of the uremic blood 
serum were noted This “ultrafiltrate anemia” had no specific chaiacter- 

214 Nolli, B L’esplorazione funzionale del midollo osseo nelle nefriti, Gior 
di chn med 20 1023, 1939 

215 Loeper, M, and Perreau, P L’anenne brightique, Sang 13 113, 1939 

216 Kobryner, A , and Rozenkranc, D Sur la pseudo-leucocytose dans les 
etats oedemateux, Sang 13 870, 1939 

217 Marcolongo, F, and Leone, P Tentativi di riproduzione sperimentale 
di anemie con ultrafiltrato di siero uremia, Haematologica 20 49, 1939 
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istics In some animals the volume and the diametei of the red blood 
cells were diminished, while m others both were increased The bone 
mariow picture was always that of “secondaiy” anemia 

POLYCYTHEMIA 

Emile- Weil, Isch-Wall, Peiles and Aschkenaz) 218 present a com- 
paiative study of the material aspirated by sternal, splenic and hepatic 
punctuies m a case of polycythaemia vera The greatest pathologic 
variation was noted in the maitow (h)pei plasm of the eiythropoietic 
tissue) 

Rezmkoft 21ft summan/es the lecent concepts of polycythemia, show- 
ing the thickening of the arterioles and capillar) walls in the bone 
manow and lllustiatmg the use of acetylphenylhydrazine, venesection 
and roentgen rays by the spiay technic in treating 3 patients 

Vanous types of eiythroblastic anemia have been descnbed In 
Isiael’s 220 case a 42 yeai old woman had an illness of several months’ 
duiation, chaiactenzed b) splenomegah , hepatomegaly, se\ere anemia, 
enormous numbeis of noimoblasts and megaloblasts in the blood and 
hyperplasia of these elements in the bone manow Roentgen n radiation, 
livei, non, aisemc and tiansfusions failed to pi event a fatal teimination 
Isiael eliminated leukoeiythioblastic anemia, ei)tlnoblastic disease of 
adults, polycythaemia \eia and a leukemoid condition and called the 
disease tiue eiythiemia analogous to leukemia 

While tiue polycythemia is lare in clnldien, pol)cythemia in vanous 
types may appear Kellman’s 221 patient, a 6 yeai old girl, showed a 
tempoiaiy use in the led hlood cell count to 9,000,000 per cubic milli- 
meter, with 77,500 leukoc)tes, of which 82 pei cent weie l)mphocytes 
A spontaneous i emission of three years’ duiation was m piogiess when 
the case was descnbed 

Sclnppeis 222 studied 6 cases of polycythemia in infants langing fiom 
a few 7 days to 5 weeks of age Ceiebial and caidiac anomalies w r eie not 
the cause, as the polyglobulism disappeaied after admimstiation of 
oxygen Theie wms no noimoblastosis and no hemolytic icteius, sug- 
gesting letaided hemolysis Occasional symptoms w r eie tumor of the 

218 Emile- Weil, P , Iscli-Wall, P , Peiles, S, and Aschkenazy I es ponctions 
couplees dans la polyglobulie simple (type Vaquez), Sang 13 96 1939 

219 Rezmkoff, P Polycythemia, Bull New York Acad Med 15 311, 1939, 
Polycythemia, in A Symposium on the Blood and Blood-Forming Oigans, Madison, 
Wis, University of Wisconsin Press, 1939, p 207 

220 Israels, M C G Immature Cell Ervthraemia in an Adult, J Path 
& Bact 47 299, 1939 

221 Kellman, L Primary Polvcvthemia with Leukemic Manifestations, Am 
J Dis Child 58 146 (July) 1939 

222 Schippers, J C Pol> globulie prolongee apres la naissance Rev franc 
de pediat 15 102, 1939 
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aim, hypei tom a and somnolence, but some patients were asymptomatic 
There was no recurience of the disease 

Reifenstem 223 descubes a case of erythremia with gout evolving into 
aleukemic myelogenous leukemia with anemia The bone marrow was 
hypei plastic and was legal ded as typical of myelogenous leukemia 

Familial polycythemia was studied by Nadler and Cohn 224 m the 
cases of 4 patients aged 11, 13, 16 and 18 years respectively There was 
no leukocytosis, no mciease m the basal metabolic rate and no evident 
splenomegaly, but the calculating cell mass was greatly increased, as 
m cases of polycythaenna vera 

Coionary thiombosis may be a complication of polycythaenna veia, 
as is illustiated by the cases lepoited by Millei 225 Of 7 patients 
examined at autopsy, 3 had nryocaidial alteiations with associated 
coionaiy occlusions, and 2 showed extensive snuilai changes in the 
heait muscle but no thiombus m the coronal y tnbutanes, while 2 
showed no myocardial damage oi myocardial thrombosis The similarity 
of piecordial pain in polycythemia and anemia is noted 

Thrombophlebitis of the hepatic veins secondaiy to polycythaenna 
vei a was noted in Altschule and White’s 220 patient 

In cases of polycythemia, Ennle-Weil, Aschkenazy and Capron 227 
found that the elevated glutathione content is associated with the degree 
of polyglobulism, with wide \ariations in the oxidized foim The 
value for total glutathione in cases of polycythemia varied fiom 49 4 to 
91 1 mg pei hundred cubic centimeters, that for i educed glutathione, 
from 44 7 to 91 0 mg , and that for oxidized glutathione, from 0 to 
9 3 mg 

Vogelensang 22s found vet y high values for zinc in the blood of a 
patient with polycythemia 

Davis 229 found that the polycythemia produced m dogs by exposuie 
to low atmosphenc pressures, as well as that caused by' exeicise or cobalt 

223 Reifenstem, G M A Case of Erjthiemia, Gout and Subleukemic Myelosis, 
Am J M Sc 197 215 (Feb ) 1939 

224 Nadler, S B , and Cohn, I Familial Polycythemia, Am J M Sc 198 
41, 1939 

225 Miller, H R The Occurrence of Coronary Artery Thrombosis in 
Polycythemia Vera, Am J M Sc 198 323, 1939 

226 Altschule, M D , and White, G Chian’s Syndrome in Patient with Poly- 
cythemia Vera Report of Case, New England J Med 220 1030, 1939 

227 fimile-Weil, P , Aschkenazy, A, and Capron, I Le glutathion sanguin 
dans les polyglobulies, les leucemies et les erythroblastoses chromques, Sang 13 
705, 1939 

228 Vogelensang, E H Occurrence of Zinc in Human Blood, Pharm 
Weekbl 76 89, 1939 

229 Davis, J E Depression of Polycythemia by Choline Hydrochloride, Proc 
Soc Exper Biol & Med 40 445, 1939 , Depression of Experimental Polycythemias 
by Choline Hydrochloride or Liver Administration Am J Physiol 127 322 
1939 
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chlonde, could be 1 educed and the blood restored to the normal level 
b\ oral administration of 8 mg of choline hydiochlonde per kilogram 
of body weight pei day A smulai effect could be produced by the 
feeding of law hog 01 beef liver m amounts of 75 Gm per day 
Choline chlonde did not affect the eiytlu ocyte count of normal dogs 
The authoi concludes that the choline content of raw liver is the effective 
agent and suggests that it may be of value m the treatment of poly- 
cythaemia veia 

In normal unanesthetized dogs, Palitz-’ 30 found that aitificial fever 
of an hour’s duration caused an increase in eiythi ocyte count, hemato- 
crit volume and concentiation of seium protein This reaction was 
absent aftei the spleen was lemoved 

While the blood volume maj be 60 to 70 per cent below noimal in 
cases of anemia due to chronic loss of blood, nephritis or hemolysis 
oi m cases of “idiopathic” hypochromic anemias, Gibson, Hams and 
Swigert 231 found that there is a great mciease in the total blood volume 
m cases of polycythaemia veia This is due to the increase in cell 
volume, the plasma volume remaining noimal Repeated phlebotomies 
i educed the cell volume and hence the total volume, as the plasma 
volume remained unchanged 

Polycythemia was produced in rats b-\ the feeding of fresh oi acetone- 
exti acted pituitar) glands by Flaks, Himmel and Zotmk 232 A similai 
polyglobulism was noted m some hypophysectonuzed animals as well 
as m those treated with a piotem-fiee extract of pituitary free from 
gonadotropic, growth and thyrotropic hormones Reticulocytosis devel- 
oped during the injection The authors favor the theory of a hemopoietic 
hormone 

Polonovski and Bnskas 213 feel that m lats and dogs cobalt poly- 
cythemia is probably the result of an increase m the total blood volume 
lesultmg from the toxic action of cobalt, rather than the new formation 
of red blood cells 

230 Palitz, L L Splenic Volume and the Polvcjthemia of Artificial Fever 
in Intact, Unanesthetized Dogs, Am J Ph\siol 125 607, 1939 

231 Gibson, J G Jr , Harris, A W , and Swigert, V W Clinical Studies 
of the Blood Volume VIII The Blood Volume in Secondar} Anemia and 
Polycythemia Vera, J Clin Imestigation 18 621, 1939 

232 Flaks, J , Himmel, I , and Zotmk, A La polvglobulie provoquee par les 
extraits de lobe anteriem d’hypophyse prouve 1’existence d’une hormone hem- 
opoietique, Presse med 46 1506, 1938 

233 Polonovski, M , and Briskas, S Contribution a l’etude de Faction hem- 
opoietique du cobalt au cours de l’anime provoquee chez le jeune rat carence, Compt 
rend Soc de biol 130 1588, 1939, Le role des sels de cobalt dans 1’anemie 
provoquee chez le chien, ibid 130 1590, 1939 
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Ivlembei g, Goidon and Chanppei,- 34 however, found that cobalt salts 
injected into labbits subjected to lepeated bleedings 01 treated with 
benzene piomote lapid lecoveiy fiom anemia by stimulation of the 
foimation of eijthiogenic precuisois in the bone manow 

Okiainetz 235 has desenbed in detail the tieatment of polycythemia 
b) “total body madiation ” A symptomatic 1 emission of fifteen months’ 
duiation was pioduced b) giving 235 r (measuied in an) to the antenor 
surface of the bod) and 210 1 posteiioily, m individual doses of 25 i ovei 
a penocl of thnt\-five days With the subsequent relapse, the symptoms 
and the polyglobulia letuined, but foui tieatments (25 r each) w^eie 
sufficient to pioduce a l emission foi anothei yeai The authoi feels 
that small doses gnen by total bod) iriadiation, with piotection of the 
eyes, spleen and, in this case, ovanes, is prefeiable to largei doses ovei 
single bones 

Andeison, Geill and Samuelsen 230 treated 2 patients with poly- 
cythemia b\ loentgen theiapy over the pylorus The position was 
located fluoi oscopicall) Foui senes of tieatments were given at monthly 
intervals Hematologic impiovement w r as noted Hitzenberger m 1931 
used a similar tvpe of theiapy, with pioduction of a tempoiaiy i emis- 
sion The uiidei lying theoiy w^as based on the hope of destroying oi 
inhibiting the pioduction of the mtnnsic factoi of Castle, thus delaying 
production of led blood cells 

Ivaplan 237 finds that polycythaenna veia is most satisfactoi lly con- 
trolled by high voltage roentgen therapy over the sternum and ribs 
He lecommends 200 kilovolts potential with filiation of 0 5 mm of 
copper plus 1 mm of aluminum at a distance of 40 to 50 cm Individual 
doses of 150 to 200 r (measuied in an) aie lepeated every thud day 
Remissions lasting as long as foity w^eeks have been pioduced When 
mtensrve madiation is directed to the spleen, theie is a rise in the red 
blood cell count 

The treatment of polycythemia associated with pulmonaiy hyperten- 
sion (Ayerza’s disease), complicated by aitenal hypertension and 
marked obesity, should aim to i educe the viscosity of the blood and 
prevent thiombosis, accoidmg to the experience of Olsen and Willius ■ 

234 Kleinberg, W , Gordon, A S , and Charipper, M A Effect of Cobalt 
on Ervtbropoiesis in Anemic Rabbits, Proc Soc Exper Biol & Med 42 119, 1939 

235 Okrametz, C L Total Body Irradiation in Polycythemia Vera, M 
Woman’s J 46 203, 1939 

236 Anderson, F , Geill, T, and Samuelsen, E Polycythemia Treated with 
Roentgen Irradiation of Pylorus Organ, Acta med Scandinav 97 547, 1938 

237 Kaplan, I Treatment of Pohcytherma with Roentgen Ray, Radiology 
33 166-169, 1939 

238 Olsen, A M, and Willius, F A Cardiac Clinics LVI Clinic on 
Cardiac Failure Resulting from Pulmonary Hypertension (Ayerza’s Disease) 
Complicated by Arterial Hypertension and Marked Obesity, Proc Staff Meet, 
Mayo Clin 14 89, 1939 
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Venesection is the method of choice Some degiee of activity should be 
allowed to the patient, and unnecessary injury of the veins is to be 
avoided to prevent local thrombosis 

The treatment advocated by Herzog and Kleiner 230 consists in 
limiting the animal piotem to 0 7 Gm a day Theie was a definite 
decrease m the number of led blood cells, in some cases at the end of 
one week and in others at longer intervals Hypei tension was lowered 
and splenomegaly deci eased Of 19 cases, the treatment was successful 
m 17 A less stnct diet (1 pint of milk, 100 Gm of cheese, 200 Gm of 
fish daily, 3 eggs or 150 Gm of veal twice weekly) was piescnbed 
when the impiovement in the blood set in 

PURPURA 

Of the many bleeding disordeis, purpuia liaemoi i hagica is one of the 
least undei stood This is undoubtedl) due to the multiple etiologic 
factois and to the confusion created by the various classifications 
Forkner, 240 in an excellent leview of the hemorrhagic diseases, states 
that they should be classified accoiding to then clinical picture lather 
than accoiding to the pathologic condition piesent or the physiologic 
mechanisms mvohed In spite of this viewpoint, he includes the latter 
in lus excellent tables Six cases of essential thrombopenic purpura 
have been studied by Hemild 2,1 Accoiding to this investigator the 
outstanding charactei istics of the disease are the unknown cause, the 
spontaneous hemorihages. the deciease oi absence of platelets, the pro- 
longed bleeding time and the pool clot letraction The couise maj be 
acute or chronic, and the disease usually occuis in women In addition 
to the essential type of thiombopemc puipuia, the author also described 
symptomatic, alleigic and hypei splenic puipuia 

Elliott 242 classifies purpuias as pi unary or secondaiy The latter 
may have such etiologic factois as infections, poisons, nutritional defi- 
ciencies and disturbances of the reticuloendothelial srstem and bone 
mairow The platelets may oi may not be i educed in number The 
cause of the pnmaiy type of purpuia is not known Elliott, m addition 

239 Herzog, F , and Kleiner, G Ergebnis der Diatbehandlung in neunzehn 
Fallen von Polyzvthamie, Deutsche med Wchnschr 65 719, 1939, Therapj of 
Polycythemia Results in Nineteen Cases, Orvosi hetil 83 357, 1939 

240 Forkner, C E An Attempt to Consolidate and to Clarity Present Views 
Concerning the Anemias and the Hemorrhagic Disorders, Proc A Life Insur 
M Dir America (1938) 25 258, 1939 

241 Heinild, S Observations on Essential Thrombopenia (Morbus Maculosus 
Werlhofii), Acta med Scandinav 98 385, 1939 

242 Elliott, R H E Diagnostic and Therapeutic Considerations in the 
Management of Idiopathic Thrombocj topemc Purpura, Bull New York Acad 
Med 15 197, 1939 
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to the cV 13 .r 3 .ctc 1 istics of the clisoicler mentioned by the previous writers 
states that the course in adults and children varies With the younger 
patients spontaneous lecoveiies aie common This opinion is shared by 
Rosenthal, who has adequately reviewed the etiology, couise and 
tieatment of the disease 

So-called secondaiy puipuia due to vanous diugs has been repoited 
by many authois McGovern and Wright 241 and Huber 24 " 1 descnbe 
cases m which the offending substance was sedormid Sexton 24,1 and 
Wyatt 247 noted the occuiienee of bleeding following the use of 
aisphenamme 

The lole of the spleen in the pioduction of thiombopemc purpuia 
was investigated by Majoi and Weber 248 and by Pohle and Meyer 240 
These authois attempted to leproduce the disease in rabbits by injecting 
extiacts piepared from spleens lemoved fiom patients with thiombo- 
penic purpura All attempts met with failure Major and Weber state 
that their failuie to substantiate the pievious repoits that a platelet- 
i educing substance is piesent may be due to dififeiences m then extiacts 
Pohle and Meyei offei no explanation for their failure to leproduce the 
disease but state definitely that a platelet-i eduung substance does not 
exist m the spleens of patients with essential puipura 

The pathologic anatomy of expenmental thrombopemc purpuia m 
the dog w'as studied by Toncantins and Stewart 250 Antiplatelet seium 
w r as piepaied from washed platelets of dogs and injected into labbits 
The expei intents included seveial gioups or types (1) fatal, (2) seual 
shoit mtiavenous, (3) multiple doses and (4) control In all instances 
genei aimed hemonhages weie pioduced The puipuia produced by the 
mti aperitoneal loute, accoi cling to the authois, simulated true puipuia 
as seen m man The course w as clesci ibed as follows m the acute stage 

243 Rosenthal, N The Course and Treatment of Thrombopemc Purpura, 
JAMA 112 101 (Jan 14) 1939 

244 McGovern, T, and Wright, I Purpura Haemorrhagica Following Use 
of Sedormid, JAMA 112 1687 (April 29) 1939 

245 Huber, IT H A Case of Purpura Haemorrhagica Resulting from 
Sedormid, JAMA 113 674 (Aug 19) 1939 

246 Sexton, G B Caution m Arsphenarmne Therapy, Canad M A J 
40 378, 1939 

247 Wyatt, W A Case of Peripheral Neuritis Due to Neoarsphenamme, 
and Purpura Hemorrhagica Due to Bismuth Arsphenamine Sulphonate, M Rec 
149 349, 1939 

248 Major, R H , and Weber, C J Is There a Platelet Reducing Substance 
in the Spleen of Thrombocytopenic Purpura 7 J Lab & Clin Med 25 10, 1939 

249 Pohle, F J , and Meyer, O O Inability to Demonstrate a Platelet Reduc- 
ing Substance m an Acetone Extract of the Spleen from Patients with Idiopathic 
Thrombocytopenic Purpura, J Clm Investigation 18 537, 1939 

250 Toncantins, L M , and Stewart, H L Pathological Anatomy of Experi- 
mental Thrombopemc Purpura in the Dog, Am J Path 15 1, 1939 
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(first to fifth day), thiombopenia, a piolonged bleeding time, hemoi- 
rhage, edema, and deposition of pigment weie the outstanding charac- 
teristics, the intermediate stage (fifth to tenth day) -was identified by 
the occunence of multiple vasculai thiombi, puncipally m the spleen, 
and a short bleeding time, and the third, 01 reactive, stage appealed after 
the tenth day The platelet count was noimal or increased, follicular 
hemorihages weie present in the spleen and hypei plastic changes were 
noted m the bone manow, the spleen, the lymph nodes, the thymus and 
Peyer’s patches In summary, these investigators point out that hemor- 
rhages are seen usuall) m oigans with changing piessures and are raie 
m more stable oigans Trauma must also be considered as an impor- 
tant factor 

Multiple cases of atypical purpura have been reported Schindlei 2jl 
descnbes chronic localized gastric puipura and behe\es that it is a new 
disease He also stresses its i elation to chiomc gastroduodenal ulcer 
and suggests the possibility that it may be the initial lesion m the devel- 
opment of the ulcei Leukothrombopema associated with increased 
capillaiv permeability is described by Madison and Squier 232 These 
authors are of the opinion that this is a definite clinical syndrome The 
chaiacteristics of renal purpura and its differences from the renal 
hemorrhages associated with thrombopemc purpura are reported by 
Dukes 253 Levinson 251 reviews the history of the Wateihouse-Friderick- 
sen syndrome and lepoits a case studied by himself The disease is 
charactei lzed by the sudden onset of malaise, vomiting, diairhea, fever, 
rapid pulse, cyanosis, purpura, lethaigv, coma and death The cause is 
not defimtefy known, though bacteremia or toxemia is considered the 
most likely Pathologic studies leveal hemorihages in the adrenal 
glands m addition to generalized purpura 

The treatment of purpuia is dependent on the cause, which must be 
established It must also be kept m mind that relapses and remissions 
are common and that the therapeutic results obtained may be dependent 
to a certain extent on this charactei istic of the disease As is suggested 
by Limarzi and Schleicher , 255 studies of the bone mairow are of con- 
siderable aid in identifying tiue thiombopenic puipura and in deter- 
mining when splenectomy is indicated Heinild is of the opinion that 

251 Schindler, R Chronic Localized Gastric Purpura, Am J Digest Dis 
5 796, 1939 

252 Madison, F W , and Squier, T L Leukothrombopema with Increased 
Capillary Permeability, JAMA 112 879 (March 4) 1939 

253 Dukes, C E Renal Purpura, Proc Roy Soc Med 32 1322, 1939 

254 Levinson, S A The Waterhouse-Fridericksen Syndrome, J Pediat 14 
506, 1939 

255 Limarzi, L R , and Schleicher, E M Bone Marrow in the Active Phase 
of Essential Thrombopemc Purpura, JAMA 112 899 (March 4) 1939 



ISAACS ET AL —BLOOD 


1281 


splenectomy is of considciablc value for purpuia but lecommends a trial 
of consei vative theiapy first Elliott compared the results following 
splenectorm m cases of tiue thiombopema and in cases of atypical 
pin pin a In the hist gioup, of 21 cases, 13 patients were cured, 5 were 
definite!) impio\ed, 2 were improved but not fiee fiom symptoms, and 
1 died In the second gioup, of 11 cases, theie weie 4 ernes and 5 
deaths, and 2 patients showed no improvement 

Bernstein and his co-woikeis 250 leport the unusual occunence of 
idiopathic thiombopema m piegnancy and the neonatal penod Splenec- 
tomy was successfully performed during the sixth month of piegnanc) 
Menorihagia as the outstanding feature of puipuia is noted by Jennings 
and Castleden 2 ’’ 7 and by Isiael and Mendell 258 Splenectomy was of 
little benefit to the patient of Jennings and Castleden but produced a 
cure m the patient of Isiael and Mendell Vaughan and Wiight 270 
observed 6 patients foi at least ten yeais aftei splenectomy They con- 
cluded that the results of this type of theiapy m properly selected cases 
are not onl) good but peimanent 

This opinion is shared by Rosenthal, 2 * 2 who, m addition, has sum- 
manzed the lesults obtained with vaiious other types of therapy 
Ascoibic acid livei extract, paiathyioid extiact and loentgen lnadiation 
are of no value Sesame oil is useless, a conclusion substantiated by 
Olson 2< ’° Snake venom is lecommended foi secondary purpura Trans- 
fusions aie of temporaiy help Ligation of the splenic artery fails to 
give any relief 

HEMOPHILIA 

As with man) other diseases, the cause of hemophilia has not been 
identified Howell 201 states that theie is a deficiency in the plasma of 
some substance as yet unknown Foi brevity he uses the term “throm- 
boplastin” and distinguishes two t)pes, plasma thromboplastin and tissue 
thromboplastin Plasma thiomboplastm can be obtained from citrated 
blood by satui ation with carbon dioxide oi by addition of acid This 

256 Bernstein, P , Newman, A B , and Hitzig, W M The Problem of 
Idiopathic Purpura Hemorrhagica in Pregnancy and the Neonatal Period, Am J 
Obst & Gynec 38 323, 1939 

25 7 Jennings, G H , and Castleden, L I M Thrombocytopenic Purpura, 
Lancet 1 931, 1939 

258 Israel, S L, and Mendell, T H Severe Menorrhagia as the Only 
Svmptom of Essential Thrombocytopenic Purpura Cured by Splenectomy, Am J 
Obst & Gynec 38 339, 1939 

259 Vaughan, S L, and Wright, T Purpura Plaemorrhagica, with Special 
Reference to Permanence of Remission Following Splenectomy, JAMA 112 
2120 (May 27) 1939 

260 Olson, IC B The Effect of Sesame Oil (“T-Factor”) on the Platelet 
Count, Proc Soc Exper Biol & Med 41 643, 1939 

261 Howell, W H Hemophilia, Bull New York Acad Med 15 3, 1939 
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substance is associated with all proteins in the blood In hemophilic 
blood it is piesent m smaller amounts than normal This fact was 
established by adding thromboplastin extracts fiom noimal and hemo- 
philic blood to hemophilic blood and obseivmg the diffeiences m clotting 
time Sinnlai lesults were noted with tissue thromboplastin In the 
author's opinion, platelets are the source of plasma thiomboplastin , if 
the plasma is noimal hemophilic platelets will react normalh, but othei- 
wise they appear to be more stable, with a resulting piolongation of 
the clotting time 

The coagulation defect associated with hemophilia has also been 
imestigated by Lozner and his co-w'ot kei s 21 2 These 1m estigators 
prepared a clot-promoting substance from noimal human plasma free 
from fibrinogen and prothrombin When this material was added to 
hemophilic blood, clotting proceeded at a rate proportional to the amount 
of substance added When the clot-pi omoting substance was injected 
intravenously, the coagulation time readil} decreased Multiple injec- 
tions at six hour intervals further decreased the clotting time , there w T as 
no evidence of any refractory penod 

Feiguson 2<i3 has also studied the mechanism of clotting in hemo- 
philiacs He believes that there is a defieienc) in the amount of 
“thromboplastic enzjme” in hemophilic blood and that because of the 
lack of this substance theie is a delay m coagulation Bendien and 
van Crevekl 204 piepared a globuhn-like protein substance and inves- 
tigated its coagulation-promoting activity, especially in l elation to hemo- 
philia This substance was ineffective w r hen administered oially or 
intiamuscularly but readily decreased the clotting time when injected 
intravenously Similar results w^ere obtained with a piepaiation from 
placenta, though to a lesser degree It is the author's opinion that this 
coagulation-promoting substance is related to prothrombin 

Platelet studies of normal men, of women (menstiuatmg and 
nonmenstruating) and of persons with bleeding disoiders weie made 
by Lee and Erickson 205 From their observations they conclude that 

262 Lozner, E L , Kark, R , and Taylor, F H L The Coagulation Defect 
in Hemophilia The Clot Promoting Actnity in Hemophilia of Berkefelded 
Normal Human Plasma Free from Fibrinogen and Prothrombin, J Clin Investi- 
gation 18 603, 1939 

263 Ferguson, J H The Clotting of Hemophilic Plasma by Thromboplastic 
Enzyme, Am J Physiol 126 669, 1939 

264 Bendien, W M , and van Creveld, S On Some Factors of Blood Coagula- 
tion, Especially with Regard to the Problem of Hemophilia, Acta med Scandinav 
99 12, 1939 

265 Lee, P , and Erickson, B N Platelet Studies m Normal Men and 
Women (Menstruating and Nonmenstruating) and Subjects with Bleeding Dis- 
orders, J Lab & Clin Med 24 821, 1939 



ISAACS ET AL— BLOOD 


1283 


theie is a snmlaiity 111 the abnoimal clotting of the blood of menstruating 
women and that of hemophiliacs 

Owing to the bleeding tendency, complications often anse in cases 
of hemophilia Paltnnien ■ GG and Newcomer 20 ' emphasize the frequency 
of hemonhage into joints with contractures The dangers to be encoun- 
teied m hemophilia when operations aie necessary aie stiessed by 
Vance 208 His conclusions aie most important Hemophiliacs should 
not be subjected to an opeiation unless the danger to life is mci eased as 
the result of deprivation of the operation If surgical intervention is 
contemplated, the patient should be adequately piepared with trans- 
fusions Howell 201 also states that the only leliable tieatment foi 
hemophilia is tiansfusion 

BLOOD CLOTTING 

A most complete resume on vitamin K has been published by Snell 
and Butt 260 These authors point out the difficulties associated with the 
problem related to the defining of a unit of the vitamin Ansbachei 270 
defines a unit of vitamin K as the minimum amount necessary to lender 
the clotting time of the blood of the vitamin K-deficient chick weighing 
70 to 100 Gm noi mal within six houis aftei admmistiation This unit 
equals 20 Dam units Thayer and his co-woikeis 271 assayed vitamins 
Kj and K, and defined a unit as that quantity of vitamin K which 
produces a clotting time of ten minutes oi less in 50 pei cent of a gioup 
of 10 oi moie chicks which have been fed for the fouiteen days imme- 
diately following receipt from the hatchei on a diet piactically devoid 
of vitamin K By these standards, vitamin K x contains appioximately 
1,000 units per milligram and vitamin K 2 about 600 units per milligiam 
Dam and Glavmd and Almquist and his associates have also established 
units of activity which are at consideiable variance with the units just 
defined It is readily appaient that for the piesent no unit can arbi- 
tral lly be established which would be suitable to all investigators 

The isolation and purification of vitamin K may soon be a leality 
Almquist and Klose 272 have prepaied a choleic acid denvative, which 

266 Paltrimeri, M Osservaziom di retiazione ischemiche di Volkmann in 
emofihci, Bull d sc med , Bologna 111 203, 1939 

2 67 Newcomer, N B The Joint Changes m Hemophilia, Radiology 32 
573, 139 

268 Vance, C A Surgery m Hemophilia, Ann Surg 109 872, 1939 

269 Snell, A M , and Butt, H R Supplementary Report on Vitamin K, 
J A M A 113 2056 (Dec 2) 1939 

270 Ansbacher, S A Quantitative Biological Assay of Vitamin K, J Nutrition 
17 303, 1939 

271 Thayer, S A , McKee, R W , Binkley, S B , MacCorquodale, D W , and 
Doisy, E A Assay of Vitamin K Concentrates, Proc Soc Exper Biol & Med 
40 478, 1939, The Assay of Vitamins Ki and K-, ibid 41 194, 1939 

272 Almquist, H J , and Klose, A A The Isolation of Vitamin K as a 
Choleic Acid, J Am Chem Soc 61 745, 1939 
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is a yellow crystalline substance with a melting point of 186 C 
The K vitamin can be sepaiatecl fiom this substance as a viscous, slightly 
pigmented oil The effect of this substance on prothiombm levels when 
fed oially to rats with bile fistulas was investigated by Cohn and 
Schmidt 273 Although their results were poor, it is their opinion that 
the doses of the material weie too small By a process of molecular 
distillation and chromatographic methods, Dam and his co-workeis 274 
prepaied a substance which they' believed was the pure vitamin K It 
contains about 20,000,000 Dam units pei gi am by biologic assay' Chem- 
ically', it appeals as a cleat yellowish oil containing caibon, hydrogen 
and oxygen and is free of mtiogen 

McKee and his collaboiators 277 isolated vitamins K l and IC 2 from 
alfalfa and putiefied fish meal lespectively Subsequent work 270 sug- 
gested that the vitamins have a qumoid structure Almquist and 
Klose 270 noted that phthiocol has physical and chemical pioperties 
similar to pure vitamin K Fernholz and Ansbacher 277 demonstrated 
that synthetic phthiocol has antihemorihagic properties and noted its 
poweiful cuiative effects in chicks deficient in vitamin IC Phthiocol 
was fiist isolated (1933) and symthesized (1934) by' Anderson and lus 
co-workers The anti hemorrhagic activity' of phthiocol is consideied by 
Almquist and Klose 278 to be somewhere between that of methylnaphtho- 
quinone and hydi oxynaphthoquinone The latter gioup appears to 
i educe the activity, while the foimer is functionally important 
Ansbacher and Fernholz 270 agiee with the opinion of Almquist and 
Klose that phthiocol is of less potency than is the moie complex foim of 
vitamin K in alfalfa 

273 Cohn, E J , and Schmidt, C L A Effect of Choleic Acid of V itamin K 
on Prothrombin Levels of Bile Fistula Rats, Proc Soc E\per Biol & Med 
41 443, 1939 

274 Dam, H Geiger, A , Glavind, T , Karrer, P , Karrer, W , Rothschild, 
E, and Solomon, H Isolierung des Vitamins K m hochgereimgter Form, Hehet 
chim acta 22 310, 1939 

275 McKee, R W , Binkley, S B , MacCorcjuodale, D W Thayer, S A 
and Doisy, E A The Isolation of Vitamins I<G and K 2 , J Am Chem Soc 61 
1295, 1939 Binkley, S B , MacCorquodale, D W , Qieney, L C Thaj'er, S A 
McKee, R W , and Doisy, E A Derivatives of V itamms Ki and K«, ibid 61 
1612, 1939 

276 Almquist, H J , and Klose, A A The Antihemorrhagic Activity of 
Pure Synthetic Phthiocol, J Am Chem Soc 61 1611, 1939 

2 77 Fernholz, E, and Ansbacher, S Vitamin K Activitv of Synthetic 
Phthiocol, Science 90 215, 1939 

278 Almquist, H J , and Klose, A A The Antihemorrhagic Activity of 
Certain Naphthoquinones, J Am Chem Soc 61 1923, 1939 

279 Ansbacher, S, and Fernholz, E Simple Compounds with Vitamin K 
Activity, J Am Chem Soc 61 1924, 1939 
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The stiuctuie of the antihemouhagic vitamin has been the subject 
of considerable investigation Thayer and his colleagues, 280 as well as 
MacCoi quodale and his associates, 281 found that 2-methyl-l, 4-naphtho- 
qumone is the most effective substance, but its activity compared to the 
natuial Mtamins K x and Iv 2 is negligible The K x molecule is believed 
to be 2-eth)l-3-phytyl-l, 4-naphthoqumone It is suggested by Fiesei 
and his collaboi atoi s 282 that the stiucture of vitamin K x is 2, 6 ( 71 ) - 
dimenthyl-3-phytyl-l, 4-naphthoqumone and that the structuie of vita- 
min K, is 2, 3-difomesyl-l, 4-naphthoqumone By means of synthesis, 
Binkley and his associates 283 demonstrated conclusively that vitamin 
K x is 2-methyl-3-phytyl-l, 4-naphthoqumone Fiesei, Campbell, Fry 
and Gates 284 describe the synthesis of vitamin K x and confirm its 
chemical stiucture Since this synthetic compound has an actrwty 
equivalent to that of puie vitamin K x , it is suggested by Thayer and his 
co-tvoi kers 2S5 that it be adopted as a basic standard for the assay of 
vitamin K With the exception of its instability when exposed to 
light, 28 '' it has all the necessaiy requisites of a pioduct suitable foi 
standardization 

The methods of detei mining piothrombm time piesent a pioblem 
which at piesent does not appeal too impoitant, since the nature of 
prothiombin is not known Ziffien and his associates 287 descnbe a 
“bedside” technic foi detei mining the dotting time of an unknown 
specimen of blood and compaung the lesults with those obtained with 

280 Thayer, S A Cheney, L C . Binkley, S B , MacCorquodale, D W and 
Dois\, E A Vitamin K Activity of Some Quinones, J Am Chem Soc 61 
1932,’ 1939 

281 MacCorquodale D W , Binklev, S B , Thayer, S A, and Dois>, E A 
On the Constitution of Vitamin Ki, J Am Chem Soc 61 1928, 1939 

282 Fieser, L F , Bowen, D M , Campbell, W P , Fieser, M , Fry, E M , 
Jones, R N , Riegel, B , Schweitzer, C E, and Smith, P G Quinones Having 
Vitamin K Activity, J Am Chem Soc 61 1925, 1939 

283 Binkley, S B MacCorquodale, D W , Thayer, S A , and Doisy, E A 
The Isolation of Vitamin Ki, J Biol Chem 130 219, 1939 

284 Fieser, L F , Campbell, W P , Fry, E M , and Gates, M D , Jr Syn- 
thetic Approach to Vitamin Ki, J Am Cliem Soc 61 2559, 1939 

285 Thayer, S A , Binkley, S B , MacCorquodale, D W , Dois>, E A , 
Emmett, A D , Brown, R A, and Bird, O D Vitamin K Potencies of Syn- 
thetic Compounds, J Am Chem Soc 61 2563, 1939 

286 MacCorquodale, D W , Binkley, S B McKee, R W , Thayer, S A , 
and Doisy, E A Inactivation of Vitamin IC by Light, Proc Soc Exper Biol & 
Med 10 482, 1939 

287 Ziffren, S E , Owen, C A , Hoffman, G R , and Smith H P Control 
of Vitamin K Therapv Compensatory Mechanisms at Low Prothrombin Levels, 
Proc Soc Exper Biol & Med 40 595, 1939, Clinical and Experimental Studies 
on Vitamin K, JAMA 113 380 (July 29) 1939 



1286 


ARCHIVES OF INTERNAL MEDICINE 


noimal blood Thromboplastin is added to each specimen I he 
unknown is expiessed in peicentage of the normal Pohle and 
Stewait 288 studied the Quick method foi quantitative deteimmation of 
piothrombin and criticized it on the basis that theie aie too main 
vaiiables which influence the lesults In answei to this cuticism 
Quick 2SS> pointed out that b) standaidizing the technic the tanables 
can be discounted In justification of the various tests lecommended, 
it should be kept m mind that, whichever method is used foi determining 
the piothiombm deficiency, the lesults aie dependent on the expeuence 
of the physician concerned Bojce and McFetndge -' ,0 have dewsed a 
serum volume test foi determination of the bleeding tendency m cases 
of jaundice Tluee cubic centimeteis of blood is removed from the 
patient and peimitted to stand at 100 m tempeiatuie for four houis 
The seium volume divided by 1 5 cc gives an index of 1 oi moie, which 
is considered noimal Indexes less than 1 aie indicative of hemonhage 
This test proved to be satisfactory m 21 cases studied 

Several conditions in which piothrombin deficiency may exist and 
can be collected by admmistiation of vitamin K have been lepoited 
Waddell and Gueny 291 noted that the piothrombin level in newborn 
infants is often low and that theie is consideiable vanation in individual 
infants fiom day to da} The newborn with a bleeding tendenc\ and 
those with low piothrombin levels readily responded to vitamin K thei- 
apy Quick and Grossman 202 noted that the protlnombm concentiation 
was high foi the fust six houis aftei both, lapidly decreased for the 
next tw'enty-four to foity-eight hours and then giadually inci eased 
They suggest that an important factor in the increase of prothrombin 
is synthesis of vitamin K by bacteria in the gastiomtestinal tract Owen 
and his co-wmi kei s - >n3 noted a continual deciease in the piothiombm 

288 Pohle, F J , and Stewart, J K A Studv of the Quick Method for the 
Quantitative Determination of Prothrombin, with Suggested Modifications, Am J 
M Sc 198 622, 1939 

289 Quick, A T Calcium Factor in Quantitative Determination of 
Prothrombin, Proc Soc Exper Biol & Med 40 206, 1939 

290 Boyce, F F, and McFetndge, E M The Serum Volume Test for the 
Hemorrhagic Diathesis in Jaundice Further Observations, Neu r Orleans M &. 

S J 91 357, 1939 

291 Waddell, W W, Jr, and Guerrv, D, III Effect of Vitamin K on the 
Clotting Time of the Prothrombin and the Blood, JAMA 112 2259 (June 3) 
1939 

292 Quick, A J , and Grossman, A M Prothrombin Concentration in 
Newborn, Proc Soc Exper Biol & Med 41 227, 1939, Concentration of 
Prothrombin m Blood of Babies (Three to' Seven Davs Old), ibid 40 647, 1939 

293 Ow'en, C A Hoffman, G R , Ziffren, S E , and Smith H P Blood 
Coagulation During Infancy, Proc Soc Exper Biol & Med 41 181, 1939 
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concentration of the blood of newborn infants for six days They state 
that their findings, which are opposite to those of Quick, can be 
explained by the fact that their method estimates prothrombin only, 
whereas Quick’s method does not take into account the conversion time 
of piothiombin, which is a most impoitant compensating factor Hell- 
man and Shettles 294 recommend on the basis of then investigations 
that prothiombin deficiency m premature infants can be prevented by 
feeding vitamin K to the mother or corrected by administering vita- 
min K to the infant Shettles, Delfs and Heilman 205 noted that after 
administration of vitamin K to the mother the prothiombin level of the 
infant is about three times the normal Waddell and his collaborators 290 
and Nygaaid 29T suggest the use of vitamin K as a preventive and cura- 
tive measuie for hemorrhagic disease of the newborn 

Snell and Butt , 209 m their supplementary report on vitamin IC, dis- 
cuss the possibility that prothrombin deficiency may occur as a result 
of an inadequate intake of this vitamin This clinical observation is 
readily substantiated by the expenmental work of Greaves , 298 Murphy 299 
and Almquist and Klose , 300 who produced hypothrombmemia m animals 
after administration of a diet deficient m vitamin K 

Prothrombin deficiency may result from various intestinal disorders, 
as has been demonstrated by Clark, Dixon, Butt and Snell 301 Similar 
observations are noted by Olson , 302 Smith, Ziffren, Owen, Hoffman 

294 Heilman, L M, and Shettles, L B Factors Influencing Plasma Pro- 
thrombin in the Newborn Infant I Prematurity and Vitamin K, Bull Johns 
Hopkms Hosp 65 138, 1939 

295 Shettles, L B , Delfs, E, and Heilman, L M Factors Influencing 
Plasma Prothrombin in the Newborn Infant II Antepartum and Neonatal Inges- 
tion of Vitamin K Concentrate, Bull Johns Hopkins Hosp 65 419, 1939 

296 Waddell, W W , Jr , Guerry, D , III , Bray, W E , and Kelley, O R 
Possible Effects of Vitamin K on Prothrombin and Clotting Time in Newly-Born 
Infants, Proc Soc Exper Biol & Med 40 432, 1939 

297 Nygaard, K IC Prophylactic and Curative Effect of Vitamin IC m 
Hemorrhagic Disease of the Newborn (Hypothrombmemia Hemorrhagica 
Neonatorum), Acta obst et gynec Scandinav 19 361, 1939 

298 Greaves, J D Studies on the Vitamin K Requirement of Rats, Am J 
Physiol 125 429, 1939 

299 Murphy, R Possible Avitaminosis K Produced m Mice by Dietary Means, 
Science 89 203, 1939 

300 Almquist, H J , and Klose, A A Determination of the Anti-Haemor- 
rhagic Vitamin, Biochem J 33 1055, 1939 

301 Clark, R L , Jr , Dixon, C F , Butt, H R , and Snell, A M Deficiency 
of Prothrombin Associated with Various Intestinal Disorders Its Treatment with 
the Antihemorrhagic Vitamin (Vitamin K), Proc Staff Meet, Mayo Clin 14 
407, 1939 

302 Olson, P F The Prothrombin Test and the Vitamin K Treatment for 
the Bleeding Tendency m the Jaundiced Patient, J Iowa M Soc 29 103, 1939 
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and Flynn, 303 Olson and Menzel , 304 Butt, Snell and Osterbeig , 303 
Stewart, 300 Stewart and Rourke , 307 and Townsend and Mills 308 

It has been suggested that the hvei synthesizes prothrombin and that 
a hemorrhagic tendency may be associated with seveie hepatic damage 
Clinically, this is reported by Scanlon and his associates 300 A similar 
condition has been produced in hepatectomized dogs by Wanen and 
Rhoads 310 m carefully controlled expeiiments Warner 311 also demon- 
strated the occunence of hypopi othrombinemia in rats after removal 
of the liver A close con elation between piothrombm deficiency and 
hippunc acid excretion in persons with disease of the liver was obseived 
by Wilson 312 He suggests that hypoprothrombmemia may be indicative 
of severe hepatic damage Wilson and Doan 313 noted a hemonhagic 
tendency m rabbits following aitifically produced fevei and concluded 
that the bleeding was due not only to deci eased platelets but to decreased 
prothrombin and fibrinogen resulting fiom severe hepatic neciosis 

Satisfactory treatment for piothrombm deficiency may be accom- 
plished by oral admimstiation of vitamin K Butt, Snell and Oster- 


303 Smith, H P , Ziffren, S E , Owen, C A , Hoffman, G R , and Fh nn, 
J E The Jaundiced Bleeder Control of Hemorrhage Through Vitamin Iv, 
J Iowa M Soc 29 377, 1939 

304 Olson, K B , and Menzel, H Bleeding Tendency in Obstructnc Jaundice 
and Its Correction by Means of Vitamin K, Surgery 6 206, 1939 

305 Butt, H R , Snell, A M, and Osterberg, A E The Preoperatne and 
Postoperative Administration of Vitamin K to Patients Having Jaundice, J A 
M A 113 383 (July 29) 1939 

306 Stewart, J D Prothrombin Deficiency and the Effects of Vitamin IC in 
Obstructive Jaundice and Biliary Fistula, Ann Surg 109 58S, 1939 

307 Stewart, J D , and Rourke, G M Control of Prothrombin Deficiencr 
in Obstructive Jaundice by Use of Vitamin K, JAMA 113 2223 (Dec 16) 
1939 

308 Townsend, S R, and Mills, E S Use of Vitamin K and Bile Salts 
in Prevention and Control of Hemorrhagic Diathesis in Obstructive Jaundice, 
Canad M A J 41 111, 1939 


309 Scanlon, G H , Brinkhous, K M , Warner, E D , Smith, H P , and 
Flynn, J E Plasma Prothrombin and the Bleeding Tendency, with Special 
Reference to Jaundiced Patients and Vitamin K Therapy, JAMA 112 1898 


(May 13) 1939 

310 Warren, R, and Rhoads, J E Hepatic Origin of Plasma-Prothrombin 
Observations After Total Hepatectomy in the Dog, Am J M Sc 198 193, 1939 

311 Warner, E D Plasma Prothrombin Effect of Partial Hepatectorm 
J Exper Med 68 831, 1938 

312 Wilson, S J Quantitative Prothrombin and Hippunc Acid Determina- 

tions as Sensitive Reflectors of Liver Damage m Humans, Proc Soc Exoer 
Biol & Med 41 559, 1939 P 

313 Wilson S J, and Doan, C A Pathogenesis of Hemorrhage m Arti- 
ficially Produced Fever, Proc Soc Exper Biol & Med 41 115, 1939 
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beig 314 lepoit successful lesults with intiavenous admmistiation of 
phthiocol Cheney S1C Heated chicks with a hemoirhagic tendency by 
mtramusculai injections of vitamin IC and concluded that it is a satis- 
factoiy and safe pioceduie Tage-Hansen 310 compaied the oral vita- 
111111 K thciapy with paienteial methods In his opinion, intravenous 
treatment should be given 111 cases of uigent need, mtiamusculai treat- 
ment has the ach milage of piolonged effect but is m leality the pooiest 
t)pe of therap) Loicl and Pastoie slT measmed the piothiombin con- 
tent of “bank” blood and consiclci it satisfactory for tiansfusion pui poses 
if stoicd foi less than six to seien days The piothiombin content of 
the blood of dogs aftei tiansfusions was studied by Loid, Andius and 
Mooie 5JS A definite mciease m piothiombin was noted The authois 
conclude that the changes 111 the piothiombin of the lecipient are 
dependent on the piothiombin content of the plasma of the donor and 
may be calculated on the basis of addition 

In addition to the vitamin K studies, many intei esting obseivations 
have been made relative to blood clotting The charactenstics of blood 
cbt foimation aie descubed b) McKhann and Edsall 319 Thiberge 820 
noted that the blood platelets weie 1 educed m numbei dm mg alleigic 
attacks and mci eased din mg convalescence If it can be assumed that 
allergic icactions aie associated with mci eased histamine, the obseiva- 
tions of Thiberge are opposite to those of Zon, Ceder and Ciiglei , 8 - 1 who 
conclude that the histamine content of the blood is dependent on the 
number of platelets piesent Amep and his associates s -~ studied the 
effect of clotting on the distnbution of histamine 111 the blood Appioxi- 


314 Butt, H R , Snell, A M , and Osterberg, A E Phthiocol ^ Its Thera- 
peutic Effect in the Treatment of Hypoprothrombmemia Associated with Jaundice , 
a Preliminary Report, Proc Staff Meet , Mayo Clin 14 497, 1939 

315 Cheney, G The Intramuscular Injection of Vitamin IC, J Lab & Chn 
Med 24*919, 1939 

316 Tage-Hansen, E Summary of Some Chemical Studies on Vitamin IC, 

JAMA 113*1875 (Nov 18) 1939 

317 Lord, J. R , Jr , and Paslore, J B Plasma Piothrombin Content of Banc 

Blood, J A M A 113*2231 (Dec 16) 1939 

318 Lord, J W , Jr , Andrus, W DeW , and Moore, R A Quantitative 
Study of Effect of Transfusion of Blood on Plasma Prothrombin, Proc Soc 

Exper Biol & Med 41 98, 1939 f , r1 „ 

319 McKhann, C F, and Edsall, G Characteristics of Blood Clot Forma- 
tion, Pennsylvania M J 42 731, 1939 „ „ T 

320 Thiberge, N F The Thrombocyte in Allergy, Lew Orleans M & S J 
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32l' Zon, L , Coder, E T, and Cngler, C W The Presence of Histamine 

in the Platelets of the Rabbit, Pub Health Rep 51 W7S1939 
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mately SO to 60 pei cent of the histamine content of the blood is in 
the white blood cells Clotting- does not iclease histamine to the seium 

Volkei 323 observed the effect of saliva on coagulation of the blood 
Clotting time was leadily 1 educed by the addition of saliva Neither 
boiling nor Beikefeld filiation alteied the effect of saliva Putnam and 
Hoefer 324 peifoimed m vitio and in vivo cxpeiiments with cysteine 
hydrochlonde and noted its anticoagulant effects Similar effects 
were noted with hepann by Astrup 325 and by Lucia and Aggeler 320 
Milliken 327 and Schumann 328 obsei vcd a decreased bleeding lime w ith 
cessation of bleeding when suitable amounts of oxalic acid were given 
parenterally to patients 

Copley 329 studied the specificity of tin ombin action and points out 
that it is a catalyst foi fibi mogen Mettz, Secgeis and Smith 330 experi- 
mented with vanous amounts of punficd thromboplastin, prothrombin 
and calcium and demonstiated that thrombin itself mactnates pro- 
thi ombin Thrombin as a hemostatic agent was investigated by Warner 
and his associates 331 These authors lccommend it as a suitable coagu- 
lant foi local application 

Feiguson and Enckson 332 demonstrated that ccphahn and calcium 
mciease the clotting power of ti)psm, although tnpsm alone is acti\e 
On the basis of this woik and other experiments, these same authors 332 
pointed out that the absence of this “clotting engine” m the blood of 


323 Volker, J F The Effect of Saliva on Blood Coagulation, Am J Ortho- 
dontics 25 277, 1939 

324 Putnam, T J , and Hoefer, P F A Cysteine II\ drochlonde as an Anti- 
coagulant for Clinical Use, Am J M Sc 198*502, 1939 

325 Astrup, T Heparin and the Inhibition of Blood Clotting, Science 90 
36, 1939 

326 Lucia, S P , and Aggeler, P M Heparin and the Blood Coagulation 
Mechanism, Proc Soc Expcr Biol & Med 40 41, 1939 

327 Milliken, L F Ihe Use of a New Blood Coagulant in Transurethral 
Prostatic Resection, J Urol 42 75, 1939 

328 Schumann, E A Newer Concepts of Blood Coagulation and the Con- 
trol of Hemorrhage, Am J Obst & Gyncc 38 1002, 1939 

329 Copley, A L On the Specificity of Thrombin Action, Am J Plnsiol 
126 310, 1939 

330 Mertz, E T , Seegers, W H , and Smith, I-I P Inactivation of Pro- 
thrombin by Purified Thrombin Solutions, Proc Soc Expcr Biol & Med 41 657 
1939 


331 Warner, E D , Bnnkhous, IC M , Seegers, W II , and Smith, II P * 
Further Experience with the Use of Thrombin as a Hemostatic Agent Proc Soc 
Exper Biol & Med 41 655, 1939 


332 Ferguson, J H , and Erickson, B N Calcium and Ccphahn in Relation 

40 ?o°S m a xT° Wer ^,° f Crystalhne Try P sm < Proc Soc Exper Biol & Med 

TTn,v V 939 ’-D A „ Ne T Cottmg Factor and Its Possible Relationship to Hemophilia, 
Umv Hosp Bull , Ann Arbor 5 45, 1939 
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hemophiliacs could well account foi the delayed dolling Bnnkhous w 
also studied the clotting defect in hemophilia and concludes that it was 
the lesult of delated tlnombin fonnation 

A most mteicstmg case of abnoimal bleeding is dcsciibcd by Schon- 
holzei 331 The patient v>as a young boy who suite bnth liad had multiple 
dihuse lecuumg hemonhagcs The blood showed a piolonged clotting 
time lhc boy's giandfathci died fiom hemonhagcs, one of lus sistets 
had died at the age of 17 days fiom an umbilical hcmoiibagc, the blood 
of anothci sistci, aged 15 yeais, had a clotting time ol twenty-one 
minutes Examination of the patient’s blood lcvcalcd absence of 
fibunogen 

BA Nil’s SYNDROME 

The etiology of splenomegaly has been cai efully studied by Roussclot 
and Thompson 335 These authois pioduccd piogicssivc hepatic curhosis 
m dogs by multiple mtiavenous injections of sihcious pai tides ovei a 
long penod Micioscopically the livci showed definite cmhotic changes 
Studies on the venous piessuie of living dogs lcvcalcd definite hypei- 
tension m the splenic \ein This obseivation substantiated a picvious 
report by these mvestigatois on the occuiiencc of hypci tension m the 
henal vein of patients with so-called Banti’s disease In addition to the 
aforementioned conditions, the dogs had congestive splenomegaly, anemia 
and thrombopenia, and in 1 instance esophageal vauccs wcic found 
Rousselot 330 reviewed 14 cases of Banti’s syndiome He noted 
portal stasis and increased venous pressuic The splenomegaly picsent 
was secondary to the congestion There are scvcial factois which may 
produce congestive splenomegaly It is most important to Know Ibe 
exact cause of enlaigement of the spleen to detcimme whcthei il should 
be removed surgically In the authoi’s opinion, removal of the spleen 
should not be attempted if severe disease of the liver is picsent In 
regard to the question of splenectomy, Collins •* 87 states that the opei a- 
tion may be of some value if performed early m the course of the disease, 
but the indications are not definite He also stresses the fact that lhc 
spleen should not be removed if portal cirrhosis is present Splcmclomy 

333 Bnnkhous, KM A Study of the Clotting Defect m TTcmophilii 1 hi 
Delayed Formation of Thrombin, Am J M Sc 198*509, 1939 

334 Schonholzer, G Die hereditare Fibnnogenopcnic, Dcut c chcs Arch f Min 
Med 184 496, 1939 

335 Rousselot, L M, and Thompson, W P Experimental Prodiu tion of 
Congestrve Splenomegaly, Proc Soc Exper Biol & Med 40 705, 1939, The 
Experimental Production of Congestive Splenomegaly, J Clin Investigation 18* 

473, 1939 

336 Rousselot, L M Congestive Splenomegaly fBanti's Svndromcj, Bull 
New York Acad Med 15 188, 1939 

337 Collms, D C The Value of Splenectomy, Wist J Surg 4G 628,1938 



1292 


ARCHIVES OF INTERNAL MEDICINE 


is recommended by Chambeilam 338 at any time, but piefeiably eaily m 
the couise of the disease, as the mortality late increases with the duia- 
tion of the disease Jones, 330 in his repoit on unusual cases of splenic 
disease, lepoits an occasional case of Banti’s disease m which the patient 
survived splenectomy It is difficult to evaluate this paper, as one cannot 
be sure of the type of case reported 

Audi us and Holman 340 leadily admit that Banti’s disease does not 
exist, yet the} r recommend surgical intervention They further report a 
high mortality late Hepatic schistosomiasis simulating Banti’s disease 
is reported by Ippohto and Boyd 311 The patient, a young woman, 
underwent splenectomy and died The authors recommended this form 
of therapy in an effort to pi event the occuirence of degenerative changes 
m the livei Schousboe 342 believes that splenomegaly (proliferation of 
the reticuloendothelial tissue) as observed m Banti’s disease inhibits 
normal erythropoiesis and leukopoiesis As a result there are anemia, 
leukopenia, thiombopema and hyperplasia of the bone manow Splenec- 
tomy, accoiding to the authoi, is followed by a icturn to noimal of the 
hemopoietic functions Stahr 343 observed 3 cases of splenomegaly 
associated with syphilis The patients lesponded poorly to antisyphihtic 
therapy, hence splenectomy was performed, with excellent results for 
one yeai Further information concerning the patients was not available 

INFECTIOUS MONONUCLEOSIS 

In oui pievious leviews the historical aspect of infectious mono- 
nucleosis was fully discussed Paul 314 has recently summarized the 
important clinical features He states that the disease usually occurs m 
young adults who live a sedentary life The piesenting symptoms are 
sore throat, malaise, pam in the shouldeis and neck, irregular fever, 
chilly sensations and enlaiged glands Mai shall 313 emphasizes the 
mental symptoms which may be observed occasionally The physical 
signs encounteied are enlarged glands, an enlarged spleen, oral lesions, 
ocular tenderness, puffy eyelids and a maculopapular rash Spleno- 

338 Chamberlain, D Surgical Conditions of the Spleen, Clin J 68 182, 1939 

339 Jones, A P Unusual Spleen Cases, Ann Surg 109 960, 1939 

340 Andrus, W D, and Holman, C W Splenectonry in Various Blood 
Disorders, Ann Surg 109 64, 1939 

341 Ippohto, T , and Boyd, L J Hepatic Schistosomiasis, Bull New York 
M Coll 2 12, 1939 

342 Schousboe, J Two Cases of Inhibition of Bone Marrow Due to Spleno- 
megaly, Nord med (Hospitalstid ) 2 1980, 1939 

343 Stahr, G E Splenectomy for Gastric Hemorrhage m Splenomegaly 
Associated with Syphilis, U S Nav M Bull 37 256, 1939 

344 Paul, J R Infectious Mononucleosis, Bull New York Acad Med 15 
43, 1939 

345 Marshall, E A Infectious Mononucleosis, Am J Clm Path 9 298, 1939 
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megaly was pi esent m 50 pei cent of the patients examined by Marshall 
Templeton and Sutherland 340 observed cutaneous lesions m 18 5 pei 
cent of then senes of 91 cases The eruption was maculopapular, had 
the appearance of Geiman measles, was usually limited to the trunk and 
face and was at times associated with piuritus This rash may appear 
between the thud and the twentieth day, it lasts thiee to seven days and 
does not desquamate 

In the early course of the disease leukopenia may be present, and 
this is followed by leukocytosis The differential count shows a pie- 
donnnance of characteristic lymphocytes Bowcock 347 descnbes blast 
cells m the penpheial blood and emphasizes the fact that their piesence 
may complicate the diagnosis The heterophil antibody test, as is 
pointed out by Paul, gives a positive result in more than 90 pei cent 
of the cases The temporal lly positive Kahn and Wassermann leactions 
which may often be seen have been the subject of study by Sadusk 34S and 
Saphn 349 Sadusk points out that there is no direct coi relation between 
the false, positive leactions and the heteiophil antibody test In his 
opinion the positive Kahn and Wasseimann leactions would be seen 
moie frequently if senal tests were done Saphir emphasizes the fact 
that the cause of the false positive reactions is not known 

A most intei estmg observation of the simultaneous occurrence m 
the same patient of typhoid fever and infectious mononucleosis is. 
i eported by Schwartz and Lidman 300 . Since * these diseases simulate 
each othei m many respects, the diffeiential diagnosis piesented many 
problems 

The cause of infectious mononucleosis is still the subject of con- 
tioveisy Pons and Juhanelle, 351 m a series of ai tides, describe the 
isolation of Listerella" monocytogenes, its identification and the immuno- 
logic and seiojogic leactions associated with it The organism is a small 
gram-positive lod and grows m small colonies when plated The oigan- 
lsm obtained fiom the blood, when injected into rabbits, guinea pigs and 

346 Templeton, H J , and Sutherland, R T The Exanthem of Acute Mononu- 
cleosis, JAMA 113 1215 (Sept 23) 1939 

347 Bowcock, H Mitotic Leukoblasts in the Peripheral Blood m Infectious 
Mononucleosis, Am J M Sc 198 384, 1939 

348 Sadusk, J F,Jr Temporarily Positive Kahn and Wassermann Reactions 
m Infectious Mononucleosis, JAMA 112 1682 (April 29) 1939 

349 Saphir, W The Wassermann Reaction m Infectious Mononucleosis, Am 
J Clin Path 9 306, 1939 

350 Schwartz, A S, and Lidman, B Infectious Mononucleosis Complicating 
Typhoid Fever, Ann Int Med 13 895, 1939 

351 Pons, C A, .and Julianelle, L A Isolation of Listerella Monocytogenes 
from Infectious Mononucleosis, Proc Soc Exper Biol & Med 40 360, 1939, 
Identification of Listerella Monocy togenes, ibid 40 362, 1939, Immunological and 
Serological Reactions of Listerella Monocytogenes, ibid 40 364, 1939 
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white mice, produced typical lymphocytic-monocytic changes m the 
blood, and the animals died When eighteen to twenty- fom hour 
cultures are applied either by instillation or by heavy suspensions into 
the conjunctival sacs 01 (by swabbing) on the everted conjunctivas 
of labbits, they pioduce charactenstic changes which cannot be elicited 
or duplicated by any othei organism Antiseiums piepared fiom the 
various sti ams which the authors isolated 1 evealed two types, designated 
I and II The foimer was composed of two rabbit and two human 
strains, and the lattei was composed of one strain each fiom the cow, 
the sheep and the goat Fiom their lesults the authois conclude that 
immunity to infection is broadei than type differentiation as demon- 
stiated by agglutination Animals with conjunctivitis weie immune 
to similar infections, but mtiavenous immunization did not offer the 
same protection 

Wising 352 removed glands from 3 patients with infectious mono- 
nucleosis dui mg the febnle stage Emulsions and, later, antigens were 
made from this matenal No organisms weie recognized eithei micro- 
scopically 01 by cultivation When these antigens were injected either 
mtiaceiebially or mtracutaneously into monkeys, fever, enlarged glands 
and changes in the blood simulating infectious mononucleosis were 
observed Emulsions obtained from these glands and injected into other 
monkeys produced similar results Dui mg the couise of these experi- 
ments one investigator accidentally inoculated himself, and he subse- 
quently had what the author believes was true infectious mononucleosis 

The piognosis of infectious mononucleosis is good The disease is 
self limited and usually runs its full course in two to four weeks No 
specific therapy is known Stannus and Findlay 353 report what they 
believe is the first case of treatment with sulfapyndme From all the 
facts known concerning the disease and the drug, the advisability of 
geneial use of the lattei for this condition may be questioned 

352 Wising, P J Some Experiments with Lymph Gland Material from 
Cases of Infectious Mononucleosis, Acta med Scandmav 98 328, 1939 

353 Stannus, H S , and Findlay, G M Mononucleosis, Acute Infectious 
Treatment with Sulfapyridine, Lancet 2 595, 1939 


(To Be Concluded) 



News and Comment 


American Congress of Physical Therapy — The nineteenth annual scien- 
tific and clinical session of the American Congress of Physical Therapy will be 
held Sept 2-6, 1940, at the Hotel Statler, Cleveland The mornings will be 
devoted to an annual instruction and the afternoons and evenings to scientific 
sessions There will be symposiums dealing with light, heat and electricity as 
important therapeutic adjuvants m general medical and surgical practice 

Further information may be procured by writing directly to the American 
Congress of Physical Therapy, 30 North Michigan Avenue, Chicago 


Recently Established Periodicals 


Archives balkamques de medecine chirurgie et leurs specialites A quar- 
terly, edited by J Chryssikos, M Yoel and A Hadjigeorges and published by 
Masson & Cie, Paris, France The publication of this journal was begun 
in 1939 

Boletm del Hospital oftalmologico de Ntra Sra de la Luz A bimonthly, 
edited by Dr A Torres Estrada and published by Hospital de Ntra Sra de 
la Luz, Ezequiel Montes, 135, Mexico, D F The first issue was for Januaiv- 
February 1940 

Revista cubana de obstetricia y ginecologia A monthly, edited by Pi of 
Jose Ramuez Ohvella and published in Habana, Cuba The first issue 'was 
published October 1939 

Revista medica militar A bimonthly, published by Samdad Mihtar in Mexico, 
D F The first issue was published in 1939, the last one m hand covers foui 
months, November and December 1939 and January and February 1940 

Revista mexicana de tuberculosis y enfermedades del aparato respiratorio 
A bimonthly, edited by Dr Donato G Alarcon and published in Mexico, D F 
The first issue was for July-August 1939 


CORRECTION 

In the article by Dr Francis M Rackemann entitled “Allergy A Reuew of 
the Literature of 1939,’’ in the January issue (Arch Int Med 65 185, 1940), the 
second sentence of the second paragraph on page 199 should read “Of 83 con- 
secutive asthmatic patients who w r ere subjected to bronchoscopy at the Clinic, 
33 patients (40 per cent) were found to have definite stenosis of one or, occasionally, 
more of the bronchi ” 
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Die Eiweisskorper des Blutplasmas By H Bennhold, E Kylm and St 
Rusznyak Price, 40 marks Pp 476, with 59 illustrations Diesden 
Theodor Steinkopff, 1938 

The book is a collection and synthetic evaluation of the dispel sed accumulation 
of data concerning the proteins of the blood plasma It has two main dnisions 
a general and a clinical one In reviewing a new venture such as this one, it 
may be best to furnish the reader an idea of the scope of the undertaking bv 
enumerating the chapters and the names of the writers thereof, all of whom have 
been prominent workers m their respective fields 

The first chapter of the general section, by R E Liesegang, deals with funda- 
mental physicochemical conceptions One of the mam features of the whole book 
becomes evident in this chapter The preponderant consideiation of the physico- 
chemical aspects of the problem A chapter with a more comprehensive treatment 
of the chemistry of the plasma proteins might not be an unwelcome addition to 
this book 

In the second chapter E Kyi in considers the fundamental physiologic concep- 
tions of the plasma proteins Iiere, as in other chapters, it is stressed that the 
methods of separating the \arious protein fractions usually alter the proteins as 
they occur in the blood, although it is not denied that much useful information 
has been obtained by the employment of such methods The newei methods of 
identification by means of the ultracentrifuge and by cataphoresis constitute an 
advance m this direction How'ever, it would seem rather difficult to decide any"- 
thing as to the occurrence of different kinds of fibrinogen, for instance, and their 
possible functions in vivo by cataphoretic experiments with a plasma of a pn as 
high as 12 4 From analogy, it u'ould be expected that at such a degree of alka- 
linity ammonia would be liberated from protein, producing changes even greater 
than those obtained by salting out 

In the third chapter, Jurgens discusses the origin of the plasma proteins He 
favors the view that they originate where the formed elements of the blood are 
produced He emphatically states that the liver cannot be regarded as the sole 
source of any of the plasma piotems 

In the fourth chapter, Hatz provides a critical review of various methods of 
determination of the blood proteins In the fifth, Geill treats of the precipitation 
of the blood proteins by means of the salts of the light and heavy metals It is 
justly stressed that the complete reversibility" of the precipitation with the light 
metal salts can be expected only when a number of conditions are lealized 
Enlargement of the chapter, paiticularly with regard to the precipitation by" other 
agents, such as alcohol and acetone, which when employed under propel conditions 
yield soluble precipitates, may not be amiss 

The sixth chapter, “The Colloid Pressure of the Blood,” has been entiusted 
to von Farkas, who prefers the term "colloid pressure of the blood” to “colloid 
osmotic pressure” or “oncotic pressure ” Needless to say, this chapter contains 
much of great interest The more surprising it is that the "Lebcispeie” in man 
is accepted as if no very weighty objection to it bad ever been raised It is also 
stated that Nonnenbruch calls attention to the fact that even the capillaries of 
the extremities are entirely impermeable to protein The work of Drinker and 
his co-workers, dealing with this subject, deserves some consideration and more 
than it has received in other chapters of this book The writer of this chapter 
thinks that a neurohormonal regulation of the colloid pressure may be assumed 
to exist, though its existence is not yet proved As in a later chapter by Ruszny r ak, 
the importance of water and sodium chloride for the production of edema is 
stressed by von Farkas 
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In the seventh chapter, Bennhold treats of the transporting function of the 
blood pioteins This function of the blood proteins, to the knowledge of which 
Bennhold has contributed so much, has not yet recened the consideration it 
demands from the physician, so it may be well to call attention briefly to the 
“embatic” effect A coarsely dispersed acid dye (such as, for instance, Congo red) 
in watery solution, placed over a 5 per cent gelatin gel, does not penetrate into the 
gel , whereas, when it is added to serum it does penetrate into the gel as far as 
the serum albumin 

Furthermore, various substances — the regular constituents of the oigamsm, such 
as bilirubin or bodies foreign to it — travel in the electric field, some with the 
albumin and some with the globulin fractions and others free The results are 
summarized in a table More or less firm combinations with the proteins may be 
formed, and the substances may be unloaded in different organs, whereby different 
forces may exert themselves An exception may be taken to the fact that the 
author calls the structural chemical difference between coproporph} rm and uro- 
poiphyrin a minimal one The first attaches itself to albumin and the lattei does 
not, but there is a difference of four caibonyl groups m favor of uioporphyrin, 
as given in the formulas Without detracting from the other conti lbutors, this 
particular chapter is perhaps the most stimulating one of the book It forms the 
concluding chapter of the general section, which comprises 303 of the 470 pages 
of the book 

The first chapter of the clinical section of the book grves the noimal and 
pathologic limits of the proteins as compiled by Hath and Koianyi, with the 
methods of their determination The second chapter of this section deals with 
the relation of the plasma proteins to edema Here Rusznyak emphasizes the 
importance of the diminished colloid osmotic pressure in addition to that of the 
venous pressure Thus, for instance, in the presence of cardiac edemas the colloid 
osmotic pressure is normal but the venous pressure is high, whereas m the 
nephrotic type of edema the colloid osmotic pressure is low, and the venous 
pressure is normal 

In chapter 3 the relation of the plasma pioteins to albuminuna is discussed 
by Koranyi The conclusion is leached that albuminuria m cases of lenal disease, 
as well as in febrile conditions, is due to an increased permeability of the glo- 
merulus and not to a pathologic change in the plasma proteins The normal 
glomerulus passes proteins of less than 70,000 molecular weight, and the diseased 
glomerulus does this more readily 

In the fourth chapter the relation of seium protein to serologic leactions is 
discussed by Klinke The subject also is treated mainly fiom the colloid chemical 
standpoint, with little reference to the clinical aspect This deficiency, it may 
be stated here, is shared with the other chapters of this section 

In the fifth chapter, Kylin gives pathologic protein reactions to the blood 
Here the sedimentation rate of the red blood corpuscles is discussed The rela- 
tion to fibrinogen and to the globulins is shown, and it is pointed out that with 
an increase in these proteins the sedimentation rate increases to a grcatei extent 
than does the concentration of the proteins For the clinical e\aluation of the 
sedimentation late, the reader is referred to the book of Reichel The Takata test, 
the “formol-gel” test and othei tests also are treated fiom the standpoint of their 
relation to the proteins rather than from that of their clinical applications 

The sixth chapter, by Klinke, on plasma protein and the coagulation of blood, 
concerns itself with the mechanism of the coagulation and retraction of the clot 

In the seventh, and last, chapter, a summary of the significance of the plasma 
protein m its clinical application is attempted by Kylin The discussion is based 
on the conception that the plasma proteins are to be considered as an oigan, a 
conception first advanced by Bennhold Thus, for instance, a subheading is “The 
Diseases of the Organ of the Plasma Proteins” With reference to the red blood 
corpuscles the distinctions are (1) too few red blood cells (anemia), (2) too 
many red blood cells (polyglobulic)) and (3) a pathologic form of red blood cells 
(poikilocytosis) in which 1 and 3 are often combined 
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With reference to the white blood cells we have (1) too few white blood cells 
(leukopenia), (2) too many white blood cells (leukemia) and (3) a pathologic 
form of white blood cells (2 and 3 are often combined) 

With reference to the plasma proteins there are (1) diseases with hypopro- 
teinemia (hypofibrinogenemia, hypoglobulinenna and hypoalbuminemia), (2) dis- 
eases with hyperproteinemia (hyperfibrinogenemia, hyperglobulinemia and hyper- 
albuminemia) and (3) diseases with pathologic plasma proteins 

The conception of the plasma proteins as an organ is justified on the conten- 
tion that an organ is a part of the body having a special function However, 
according to this definition, connective tissue would be an organ, as also would 
peripheral nerves and other structuies Whether the conception of the plasma 
pioteins as an organ in this sense will find favor is questionable Here it may 
be sufficient to state that the book has succeeded in its main purpose, which is to 
give a somewhat organic connection to more or less isolated facts The book is 
stimulating and is certainly to be recommended to the physician who does not 
demand an immediate, clearcut application m his everyday practice 

Anemia in Practice By William P Murphy, AB, MD Price, §5 00, cloth 
Pp 344, with 46 illustrations Philadelphia W B Saunders Company, 1939 

In the pieface Murphy states “For several years it has been my desire to 
assemble the vital information concerning the anemias which is now at hand ” 
Paraphrasing this quotation, there has been a great deal of productivity in the field 
of hematology in the last fifteen yeais, which has resulted in a great increment to 
the knowledge of the anemias This is particularly true of pernicious anemia 
The author is lesponsible for a goodly part of the information that has been 
obtained Because of his intensive work in the problems of ancnua and because of 
his large clinical experience, Murphy is well equipped to prepaie this monograph 
It need hardly be added that on account of the author’s interest in pernicious 
anemia the book is almost entirely devoted to this particular type of blood djscrasia 
Illustrating this statement is the fact that part 1, some 64 pages, is deioted to the 
classification and diagnosis of the hypochromic anemias and their treatment and to 
the normocytic anemias and their treatment, whereas part 2, wdnch has to do with 
pernicious anemia, is some 200 pages in length 

The section devoted to pernicious anemia first devotes a few pages to the 
historic aspects of the disease Then it deals with the diagnosis Murphy then 
discusses the mechanism of red cell formation under normal and abnormal circum- 
stances To liver therapy are devoted four chapters Succeeding chapters ha\e to 
do with the prognosis, incidence, complications, differential diagnosis and practical 
management of the patient The last 50 pages of the book dwell on laboratory 
procedures and blood transfusion 

Only a few comments seem appropriate Murphy is so familiar with Ins sub- 
ject from personal observation and has so thoroughly covered the literature that 
little can be added Certainly nothing unfavorable can or need be said concerning 
the subject matter of this book in so far as it applies to pernicious anemia On 
the other hand, the discussion of anemias other than pernicious anemia seems to be 
quite sketchy and somewhat inadequate 

I am glad to find that Murphy believes in the use of the hematocrit but confines 
hematocrit studies to detei mining the mean corpuscular volume of the red cells, the 
simplest method of determining increase in the size of the cells He implies that 
in the absence of achlorhydria the diagnosis of pernicious anemia may well be 
questioned He believes that the parenteral administration of liver is the therapy 
of choice and that the patient should continually receive a maintenance dose with 
the minimum amount of difficulty or trouble 

It hardly seems appropriate to put in a book which represents so much deep 
scientific thought and remarkable series of clinical studies, illustrations which would 
appeal to the mind of a 10 year old child To see little one-lined men pouring 
material into a stomach certainly does not attribute much intelligence to the reader 
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Principles of Hematology with 100 Illustrative Cases By Russell L Haden, 
M A , M D Price, $4 50, cloth Pp 348, with 155 illustrations Philadelphia 
Lea & Febiger, 1939 

In this monograph Haden discusses first the formation of blood, taking up the 
embryologic as well as the physiologic considerations in some detail Succeeding 
chapters have to do with the leukocytes, the thrombocytes and the technic of 
examination of the blood The next three chapters dwell on the mechanism of 
production of various abnormalities of the blood, the word “abnormalities” being 
used in its broader sense Ihe explanation of the mechanism of leukocytosis and 
leukopenia, for example, is most interesting and informative Tieatment of the 
hematic disorders then follows This completes the formal presentation of the 
subject of hematology 

The remaining eleven chapters are particularly to be commended In them, 
approximately one third of the book, is a series of case reports covering succinctly 
and clearly all the various types of anemia, such as polycythemias, leukocytoses 
and leukemias This section makes interesting reading and explains clearly the 
rather dogmatic, didactic first two thirds of the book 

The book is well illustrated with photomicrographs It is one of the pleasant 
features of the volume that there are no colored plates of the blood, which are so 
frequently poorly reproduced and inaccurately colored There is a wealth of 
diagrams which add materially to the understanding of the printed word These 
may seem rather elementary, but to the student or to a man who is not primal lly 
interested in hematology they will be of inestimable value 

Haden, like most present day clinical hematologists, stresses the importance of 
hematocrit readings in the study of disorders of the blood Some of the more 
complicated formulas that he has devised are mentioned, but, as reflected in the 
case reports, most of them are discarded after the primary description of how to 
obtain them and what they imply The mean cell volume, the most important 
observation of the hematocrit reading, is not neglected 

The book is to be recommended most highly Unless one is thoroughly familiar 
with hematology it will prove of gieat everyday service to the man who is coming 
m contact with patients suffering from hematologic disorders, and nearly every 
person who is sick does have some disturbance of the red cells, of the hemoglobin, 
of the white cells or even of the thrombocytes 

Classic Descriptions of Disease Ralph H Major, MD, Professor of Medi- 
cine, The University of Kansas Second Edition Price, 5 50 Pp 727 
Springfield, 111 , and Baltimore Charles C Thomas, Publisher, 1938 

In this book four hundred original accounts of disease are presented m English 
with pertinent material relative to the history of the disease and brief biographies 
of the various authors For example, when dealing with diabetes mellitus Major 
selects the followung accounts that of the Papyrus Ebers (1500 B C ), the 
fascinating descriptions of Aretaeus (second century AD), the article of Willis 
(dealing with the sw r eet taste of the urine), Kussmaul’s account of air hunger 
and diabetic coma, Mering and Minkowski’s observations on the production of 
experimental diabetes by pancreatectomy, Opie’s description of the hj aline degen- 
eration of the islets of Langerhans and finally the announcement of Banting and 
Best of the successful extraction of the internal secretion of the pancreas from 
degenerated pancreatic tissue There are sections dealing with infectious diseases, 
metabolic diseases, lead poisoning, diseases of the circulatory system, diseases of 
the blood, kidney disease, respiratory diseases, deficiency diseases, allergic diseases 
and dieases of the digestive tract For obvious reasons, in the compilation of 
such an anthology not all the diseases selected could be presented complete!} or 
dramatically In the selection of Ins material Majoi tried to choose “either the 
first known, one of the earliest or one of the most interesting accounts of the disease 
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in question ” No attempt was made to consider all diseases with equal complete- 
ness, “since some diseases have more interesting and more extended histones than 
others and also because of personal taste, or bias if you will, in the selection of 
authors ” 

In the prepaiation of this woilc Major had in mind the value of approaching 
the history of medicine from the clinician’s point of view Thus, he begins with 
a disease and leads the reader back to the various personalities that contributed to 
our knowledge of it, instead of introducing a famous character and commenting 
on the ranous diseases that the savant happened to be interested in Consequently, 
the book helps bridge the gap between the cursory history of diseases that is given 
m the ordinal y lustoiy of medicine and the formal histories of medicine that are 
predominantly biographic 

Technically, the standard of printing is high The book is easily handled and 
will make a valuable addition to the library of any one directly or even remotely 
interested in medicine 

The second edition has been improved by the addition of material on yellow 
fever and malana, the revision of various biographic sketches and the incorpora- 
tion of additional readings and illustrations 

Menstrual Disorders Pathology, Diagnosis and Treatment By C Frederic 

Fluhmann, MD, CM Pp 329, with 119 illustrations Philadelphia W B 

Saunders Company, 1939 Puce, §5 

In this excellent volume is presented not only a fine discussion of menstrual 
disorders but a minute, concise description of the normal menstrual cycle The 
intricate intei relationships of the hoimones concerned in menstruation and the 
results of distuibed mechanism of these hormones as reflected in uterine bleeding 
are discussed in detail and presented clearly and comprehensivelj The author’s 
classification of menstrual disorders and abnormal uterine hemorrhage is excellent 
and serves as a good working basis for clinical diagnosis The chapter on dys- 
menorrhea is particulaily recommended Bleeding as a result of pathologic pelvic 
conditions is discussed remaikably well, and the reasons for the bleeding associated 
with these conditions are clearly explained from the viewpoint of both pathologic 
findings and pathologic function 

The value of this book is enhanced by the abundance of excellent photomicro- 
graphs and charts, the majority of the latter being original 

This volume contains a wealth of information and should prove of immeasur- 
able value not only to the gynecologist but to any one who is concerned with the 
care of female patients The style and composition are such as to make the book 
easily understandable to the a\ erage medical student 

Short Stature and Height Increase By C J Gerling Price, §3 00 Pp 159 

New York Harvest House, 1939 

This book, written for the laity, is motivated by the thesis that the person w'ho 
happens to be of short height is unfortunate in his contacts with other people 
The author points out that the big man has the advantage in more ways than 
one over the short man Furtheimore, the short person feels that he is at a 
disadvantage and often is truculent and self assertive The purpose of the book is 
to sketch how the person, may overcome the handicap of shoit stature Gerling 
suggests measures which may have some effect on the height of the adult 
Although there is little that can be done to increase height, by maintaining a good 
posture, which is built up by exercises, the short person is able to take care of 
his defect to a certain extent Also, such customs as wearing garments which 
give the appearance of height, elevating the heels of the shoes, avoiding smoking 
large cigais and pipes and wearing a mustache may give a certain amount of 
spurious increase in height which wmuld be of psychologic help to the small man 
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The book is w ritten in an attractive style and should be of great interest to the 
short person The advice for the most part is sane, sensible and eas\ to follow 
The doctor may cause gratitude in the heart of his patient small in stature n he 
lecommends the book to him 

The Patient as a Person A Study of the Social Aspects of Illness By 
George Canby Robinson Price, S3 00 Pp 423 New York Commonwealth 
Fund, Division of Publications, 1939 

Dr Robinson has wntten an interesting book which I hope will be widely read 
and will do some good In these days w’hen there is great eftort to make 
diagnoses purely fiom laboratory and roentgenologic leports, theie is much need 
foi protesting books like this which show' how often a serious situational ncuiosis 
complicates organic disease and perhaps makes successful treatment impossible 
This is probably paiticulaily true in the case of clinic patients, but it is almost as 
true of patients of the middle and upper economic classes, who aie commonly 
unhappy, worried, overworked or psychopathic 

The book is made up almost entirely of well abstracted case lepoits in which 
only essential points aie given It should be lead by all young physicians staiting 
out in practice, and it should of course be i ead by all students who plan to be social 
service w'orkeis 

The Physiology and Pharmacology of the Pituitary Body Volume II 
By H B Van Dyke, MD Price, §4 50 Pp \iv + 402, with 28 illustrations 
and 10 tables Chicago Univeisity of Chicago Pi ess, 1939 

The first volume of this book w'as published in 1936 and w'as levicwcd favor- 
ably in the Archives or Internal Medicine (GO 248 [Nov] 1937)) The second 
volume also deserves much praise It continues with a critical icview of the 
history of research on the pituitaiy body from 1935 until 1938 and represents a sift- 
ing and classifying of all recent w'oik on the physiology and phai macology of this 
peculiar gland The bibliography contains 1,418 titles, w'hich the author states 
represent only 78 per cent of the articles W'hich w'eie considered 

Inevitably, the two volumes together will prove of gieat usefulness to all 
students, imestigatois and clinicians who have any intei est in modem endoci inology 

Landmarks in Medicine By various authors, with an mtioduction by Tames 
Alexander Miller, President, New' York Academy of Medicine Price, $2 00 
Pp 347 w’ltli 15 illustrations New' York D Appleton-Centm v Company, 
Inc, 1939 

This is one of the series of books promoted by the New York Academ> of 
Medicine and containing lay lectures on medical subjects These books aie most 
intei esting and raluable fiom a historical point of view and in addition make 
delighful reading It is difficult to place one lecture above another in intei est and 
value, but it is w r orth a wager that the majonty of readers wall turn first to Mart- 
land’s “Di Watson and Mi Holmes” Other contributors arc Francis R 
Packaid, Alfied E Cohn, James J Walsh, Raymond Pearl, Reginald Burbank and 
Lewus Giegory Cole 

Les cholecystites chromques By A Danes Pieface de J Rieux Price, 
38 fiancs, paper Pp 118, with 11 illustrations Pans Gaston Dom & Cie, 
1937 

This is a brief monograph on chronic cholec\ stitis It is entirely a clinical 
study and largely nonthcoretic, and is presented as “a practical guide for the gen- 
eral pi actitioner ” The author reviews clearly the more elaborate experimental 
conti lbutions that have been made m the field it coiers, particular]) in the stud\ 
of the diseased gallbladder, and translates these studies into simpler obsenations, 
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which can be made at the bedside for the most part The book will be of interest 
to those who read French and will prove instructive to those who are pnmarily 
interested in disease of the gallbladder, be they surgeons or internists 

Herz-und Kreislauferkrankungen in lhren Beziehungen zura Nervensystem 
und zur Psyche By H D von Witzleben Price 4 50 marks Pp 101 
Leipzig Georg Thieme, 1939 

This little book consists in essence of a reuew of the physiology of the cir- 
culation, with comments on abnormal conditions, such as hypertension However, 
with hypertension, for example, there is no thorough discussion of current views 
as to humoral pressor substances In general, moreover, the book lacks adequate 
documentation There aie no references and no index It is, howe\er, well written 
and makes interesting and stimulating reading 

Epidemic Encephalitis Third report by the Mathcson Commission (Willard 
C Rappelye, Chairman) Puce, $3 Pp 493, with 33 tables and 4 charts 
New York Columbia Unnersity Press, 1939 

This critical and authontatne summary of the problem of encephalitis is a 
timely contribution to a subject important to all physicians The bibliography, 
occupying nearly three hundred pages, is in itself a valuable piece of work 
Current theories on causes of the various types of encephalitis, treatment and 
epidemiology are all discussed, with the aid of many pertinent tables and charts 

Harvey Cushing’s Seventieth Birthday Party By the Haney Cushing 
Society Price $3 00 Pp 146, with 9 illustrations Springfield, 111 Charles 
C Thomas, 1939 

There is in existence a Harvey Cushing Society comprised of some 47 actne 
membeis a group of men interested in various aspects of neurosurgery scattered 
all the way from New Orleans to Toronto, from San Francisco to Boston, and 
with corresponding members m Breslau, Manchester, Oxford, Paris and Stock- 
holm It is a lively little club, each member owing something of his accomplish- 
ments and ideals to Harvey Cushing Thus, wdien this society held its eighth 
annual meeting in New Haven last April to celebrate Dr Cushing's seventieth 
birthday, the occasion was not without significance There were speeches and 
the dunking of healths, tributes, telegrams and letters from members who could 
not be there, and even more telegrams and letters from nonmembers who wished 
they w'ere of the elect On the udiole, the occasion w'as a joyish one with a good 
deal of merriment 

This birthday party now has been perpetuated in book form It is a gay, 
friendly little volume Even from the pictures of the occasion one catches glimpses 
of Dr Cushing’s vitality His own speech, of course, is characteristically graceful 
and charming Giaduates of the Hospital — to the alumni of Massachusetts Gen- 
eral Hospital there can ever be but one Hospital — will enjoy the account of 
Dr Cushing’s career as “house pupil ” This has been carefully described by 
Dr Henry R Viets with some interesting reproductions of the manner in which, 
even m those early days, Dr Cushing kept his clinical records 

It does no harm to emphasize the human side of a great doctor Dr Cushing’s 
friends as well as future medical historians will be glad of this unusual sidelight 
on his career 
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blood supply, criteria for classification and 
diagnosis of peripheral vascular diseases, 
1035 

blood supply , etiologic agents in peripheral 
vascular diseases 1036 
blood supply , peripheral vascular collapse, 
1079 

Eyelids, formation of edema in eyelids of man , 
influence of local tissue pressure, shin dis- 
tensibilily, lymph flow, intraorbital pres- 
sure gradient and xenous pressure, 477 

Eyes, accommodation and refraction, vitamin A 
deficiency in diabetes mellitus, 90 
effect of vitamin A on specific organs, 419 

Falconer, E H Purpura haemorrhagica due 
to ingestion of sedormid (allylisopropyl- 
acetylcaibamide) , experimental observa- 
tions and report of case, 122 
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Talconer, E H —Continued 

Purpura haemorrliagica following neo- 
arsphenamine and blsmarsen therapy , fur- 
ther studies on sensitivitj to arsphemmine 
and tolerance to maplmrsen, 1138 
Parrell, E Liver and biliary tract , review 
for 1939, 847 

Pasting, basal secretion of digestive enzymes 
in old age, 171 

Pat, pancreas and fat metabolism, 397 
Pcasby, W It Treatment of pneumonia with 
sulfapyridine , observations on toxic re- 
actions, 1144 

Pcver See also Typhoid, etc 
In congestive heart failuro, 1G3 
Undulant See Undulant Pcver 
Fistula, arteriovenous , etiologic agents in 
peripheral vascular diseases, 103G 
Flaxman, N Disturbances of rate and rhythm 
in hypertensive heart disease, 593 
Pood See also Nutrition , Vitamins 
fortification of, 458 

Pox, T T Disseminated lupus erythematosus , 
cutaneous manifestation of systemic dis- 
ease (Llbman-Sacks) , report of case, 2G 
Pungi, fungous dermatitis, 211 
fungous spores, 195 

Futclicr, P H Glomerular nephritis follow- 
ing infections of skin, 1192 

Gastric Juice Sec under Stomach 
Gastritis See Stomach, inflammation 
Gastroscopy See Stomach 
Gaucher’s Disease See Anemia, splenic 
Ginzler, A M Disseminated lupus ery- 
tlicmatosus , cutaneous manifestation of 
systemic disease (Libman-Saclis) , report 
of case, 2G 

Glaser, M A Atypical facial neuralgia, diag- 
nosis, cause and treatment, 340 

Glomerulonephritis See Nephritis, glomerular 
Glomerulosclerosis See under Kidneys 

Glycogen, artificial synthesis of, 395 
glycogen disease, 107S 
hyperlnsulinism and glycogenosis, 411 
Glycogenosis See Glycogen 
Glycosuria See Diabetes Mellitus 

Gold, H Mechanism of digitalis action in 
abolishing heart failure, 2G3 

Goldbloom, A A Clinical studies in circu- 
latory adjustments , physiologic relation 
between posture and cardiac output, 17S 

Goldhamcr, S M Blood , review of recent 
literature, 1211 

Gonococci , gonococcic endocarditis, 10G4 
infections , therapeutic effects of sulfanil- 
amide and its derivatives, GS7 


Gootnick, A Criteria for classification and 
diagnosis of peripheral vascular diseases, 
1035 

Gout, 414 

Graff, E Effect of sulfanilamide on fibrino- 
lytic activity of hemolytic streptococci, 714 

Grants, Ella Sachs Plotz Foundation for Ad- 
vancement of Scientific Imestigation, 4G1 

Granuloma, granulomatous myocarditis, 1079 

Gray, S J Colloidal gold reaction of blood 
serum in diseases of liver, 324 

Graybiel, A Diseases of heart , review of 
significant contributions made during 1099, 
1033 

Greene, C II Clinical value of determination 
of cholesterol esters of blood in hepatic 
disease, 1130 

Liver and biliary tract, review for 1939, S17 

Greene, J A Clinical manifestations of 
paroxysmal hypertension associated with 
phcocliromocytoma of adrenal , report of 
pro\ed and of doubtful case, 1123 

Haight, C Hydatid cysts of lung, 510 

Hall, G E Sudden occlusion of coronary 
arteries following removal of cardioscnsory 
pathways, experimental study, GG1 

Hamilton, W P Blood pressures in aortic 
coarctation, study of pulse contours taken 
by direct method, 732 

Harrell, G T Generalized sarcoidosis of 

Boeck, clinical review of 11 cases, with 
studies of blood and etiologic factors, 1003 

Havens, W P Epidemic disense of respira- 
tory tract, 138 

Hay Fever, 192 See also Vnaphylaxis and 

Allergy 

dcsensitizatlon treatment, 18S 

Heart See also Blood circulation , Endo- 
carditis , Myocarditis, Pericarditis, etc 
acute miliary infarction of, 919 
adjustments in coronary circulation after 
cxpenmcntal coronary occlusion with refer- 
ence to vascularization of pericardial nd- 
hesions, 240 

clinical studies in circulatory adjustments , 
physiologic relation between posture and 
cardiac output, 178 

coronarv occlusion and cardiac infarction, 
1072 

diagnosis and treatment of vitamin Bi de- 
ficiency affecting heart, 434 
disease, comparative study of valvular cal- 
cifications in rheumatic and in nonrheu- 
matic heart disease, 279 
disease resulting from deformities of chest, 
107S 

diseases of, review of significant contribu- 
tions made during 1939, 1033 
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Heart — Cont tnued 

disturbances of rate and rli y tlim in hyper- 
tensive heart disease, 595 
electrocardiographic changes associated with 
pericarditis, 291 

electrocardiographic studies, 1053 
electrocardiography in pneumonia, 302 
electrocardiograph;, in uremia, 302 
failure and its treatment, 1079 
failure, congestUe, fe\cr in, 1G3 
mechanism of digitalis action In abolishing 
heart failure, 203 
roentgenologic studies, 1055 
wounds of, 300 

Helwig, E B Hypertrophy and hjperplasla 
of islands of Langerlians In infants born 
of diabetic mothers, 221 

Hemoglobin and Hemoglobin Compounds, effect 
of sulfanilamide and suifapyridinc on 
hemoglobin metabolism and hepatic func- 
tion, 825 

Hemophilia, 1281 

Hemorrhage See Hemophilia , Purpura lmc- 
morrhagica , etc 

Hepatitis Sec under Li\cr 

Hesser, P H Syndrome of pseudobulbar 
palsy, anatomic and physiologic analjsis, 
100 

Hines, L E Effect of sulfanilamide on fibrin- 
olytic activity of hemolytic streptococci, 
744 

Histamine, 203 

Histoplasmosis, reticuloendothelial cylomycosis 
(histoplasmosis of Darling), 902 

Hoover, A H Effect of sulfanilamide on 
fibrinoljtlc actblty of hemoljtic strepto- 
cocci, 744 

Hormones Seo Endocrine Glands, Insulin 

Horwitz, T Degenerative lesions in cervical 
portion of spine, 1178 

Hotz, R Clinical value of determination of 
cholesterol esters of blood in hepatic dis- 
ease, 1130 

Hoxie, H J Renal infarction, statistical studj 
of 205 cases and detailed report of unusual 
case, 587 

Humphrey, A A Reticuloendothelial cyto- 
mycosis (histoplasmosis of Darling), 902 

Hydatid Cyst See Echinococcosis 

Hyndman, O R Clinical manifestations of 
paroxysmal hjpertension associated with 
pheochromocytoma of adrenal, report of 
proved and of doubtful case, 1123 

Hjpercholesteremia See Blood, cholesterol 
Hyperinsullnism See Insulin 
Hyperpyrexia See Fei er 


Hypertension See Blood pressure, high 

Hyperthermia Sec Fever 

Hyperthyroidism See under Thyroid 

Hypertrophy Sec under names of organs and 
regions, ns Heart, etc 

Hypoglycemia Sec Blood sugar 

Hypophysis See Pituitary Body 

Icterus See Jaundice 

Index, cumulated, of Archil es of Internal Medi- 
cine, 220, 4G4 

Industry and Occupations, prejudice agiinst 
employment of patients with diabetes, 405 

Infection, hematologic changes associated with 
infection, 1219 

Instruments, acoustical studv of stethoscope, 
328 

Insulin See also Diabetes Mellitus, Pancreas 
allergy, 40S 

and cerebral damage, 10S5 
hyperinsullnism and glycogenosis. 111 
monographs on diabetes and Insulin, 410 

Internal Secretions See Endocrine Glands 

Intestines, renal calcification accompanying 
pyloric and high intestinal obstruction, 373 

Iodine in Blood Sec under Blood 

Iron metabolism and experimental anemia, 
1254 

Therapy Sec under Stomach 

Isaacs, R Blood, ro\Icw of recent literature, 
1211 

Islands of Langerlians Sec Pancreas 

Ivy, Poison Sec Rhus, poisoning 

Jaundice, diet in relation to hepatic injury, 
8G4 

spirochetal, leptospirosis icterohaemorrhagica, 
857 

toxic hepatitis, intermediary fatal form with 
enlargement of iiicr, clinical and patho- 
logic study, 4G5 

Johnston, P D Acoustical study of stetho- 
scope, 328 

Jones, T D Pure initial stenosis in young 
persons, 321 

Journals See Periodicals 

Kantor, J L Further experience with roent- 
gen diagnosis of idiopathic steatorrhea , 
report of cases, including postmortem ob- 
servations in 1 case, 9SS 

Katz, A Criteria for classification and diag- 
nosis of peripheral vascular diseases, 1035 

Keefer, C S Sulfanilamide in tieatment of 
infections of urinary tract due to Bacillus 
coli, 933 
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Kidneys See also Urinary Tract 
Diseases See also Nephritis , Pyelonephritis 
diseases, urea reabsorption and relation be- 
tween creatinine and urea clearance In 
renal disease, 627 

effect of renal retention of vitamin C on 
saturation tests , formula for compensation 
of this factor of error, 151 
"essential” hypertension, 645 
extraction and purification of renin, 639 
formation of urine, 800 
intercapillary glomerulosclerosis, 652 
renal calcification accompanying pyloric and 
high intestinal obstruction, 375 
renal infarction, statistical study of 205 
cases and detailed report of unusual case, 
587 

secondary phenomena in experimental hyper- 
tension, 644 

studies of renal circulation to determine ef- 
fects of high spinal anesthesia, 655 

Kinsey, D Perer in congestive heart failure, 
163 

Kinsey, H I Treatment of pneumonia with 
sulfapyndine , observations on toxic reac- 
tions, 1144 

Klrshbaum, 3 D Toxic hepatitis, intermedi- 
ary fatal form with enlargement of liver, 
clinical and pathologic study, 465 

Kirsncr, J B Atrophic gastritis , gastroscopic 
studies on effects of liver and iron ther- 
apy, preliminary report, 78 

Klein, C Criteria for classification and diag- 
nosis of peripheral vascular diseases, 1035 

Klein, P Insulin and cerebral damage, 1085 

Kline, E M Acoustical study of stethoscope, 
328 

Kolmer, J A Progress in chemotherapy of 
bacterial and other diseases with reference 
to prontosils, sulfanilamide and sulfa- 
pyridine, 671 

Kramer, M L Clinical studies in circulatory 
adjustments , physiologic relation between 
posture and cardiac output, 178 

Lahey, P H Level of iodine in blood, 882 

Langerhans’ Islands See under Pancreas 

Langworthy, O It Syndrome of pseudobulbar 
palsy, anatomic and physiologic analysis, 
106 

Lead poisoning, blood changes m, 1268 

Leahy, E Clinical value of determination of 
cholesterol esters of blood in hepatic 
disease, 1130 

Leptospirosis Icteroliaemorrhagica See Jaun- 
dice, spirochetal 

Leukemia, hematologic changes associated with 
infection 1249 


Levy, H Clinical characterization of primary 
carcinoma of body and tail of pancreas, 
607 

Libman-Sacks’ Disease See Endocarditis, ver- 
rucous 

Lichtman, S S Clinical characterization of 
primary carcinoma of body and tail of 
pancreas, 607 

Lieberson, A Clinical studies in circulatoiy 
adjustments , physiologic relation between 
posture and cardiac output, 178 

Ligtennk, J A Insulin and cerebral damage, 
1085 

Lisa, J R Acute miliary infarction of heait, 
919 

Liver See also Biliary Tract 

and biliary tract, review for 1939, 847 
cirrhosis versus fibrosis of, S66 
clinical value of determination of cholesterol 
esters of blood in hepatic disease, 1130 
diagnosis and treatment of vitamin Bi de- 
ficiency affecting liver, 435 
diet in relation to hepatic injury, 864 
diseases, colloidal gold reaction of blood 
serum in, 524 

effect of sulfanilamide and sulfapyridine on 
hemoglobin metabolism and hepatic func- 
tion, 825 

Glycogen See under Glycogen 
role In metabolism of vitamin A, 421 
Therapy See under Stomach 
toxic hepatitis, intermediary fatal form with 
enlargement of liver, clinical and patho- 
logic study, 465 

Lobeline, use of alpha lobeline for measurement 
of velocity of blood flow, S96 

Ludden, J B Effect of renal retention of 
vitamin C on saturation tests, formula for 
compensation of this factor of error, 151 

Lungs See also Respiratory Tract, Thorax, 
etc 

hydatid cysts of, 510 

Lupus erythematosus, disseminated , cutaneous 
manifestation of systemic disease (Libman- 
Sacks) , report of case, 26 

Lymph, formation of edema m eyelids of man , 
influence of local tissue pressure, slnn dis- 
tensibility, lymph flow, intraorbital pressure 
gradient and venous pressure, 477 

McCann, IV S Bright’s disease, review of 
recent literature, 638 

McEachem, C G Sudden occlusion of coro- 
nary arteries following removal of cardio- 
sensory pathways, experimental study, 661 

McHardy, G Gastroscopy and phjiobezoar, 
report of case of diospyrobezoar, 368 



1310 


INDEX TO VOLUME 65 


McPeak, E Acute miliarj infarction of heart, 
919 

Malnutrition See Nutrition 

Manning, G W Sudden occlusion of coronary 
arteries following removal of cardiosensory 
pathways, experimental study, GC1 

Martz, H Itenal calcification accompanying 
pyloric and high Intestinal obstruction, 373 

Mastoiditis and otitis media , therapeutic effects 
of sulfanilamide and Its derivatives, C79 

Meningitis See also Meningococci 

therapeutic effects of sulfanilamide and Its 
derivatives, 67S 

Meningococci See also under Meningitis 
infections, therapeutic effects of sulfanilamide 
and its derivatives, G81 

Metabolism, diseases of metabolism and nutri- 
tion, review of certain recent contributions, 
390 

Meyer T Basal secretion of digestive enzymes 
in old age, 171 

Mitral Valves, comparative stud} of valvular 
calcifications in rheumatic and in non- 
rlieumatic heart disease, 279 
pure mitral stenosis in }oung persons, 321 

Mononucleosis, infectious, 1292 

Moore, M T Treatment of multiple sclerosis 
with nicotinic acid and vitamin Bi, pre- 
liminary report, 1 

Murplie}, E E Blood pressures in aortic 
coarctation , study of pulso contours taken 
by diiect method, 752 

M} asthenia gravis, evaluation of therapy in, GO 

M}ocarditis, granulomatous, 1079 

Myotonia D}stiophlca See D}stroph}, mus- 
cular 

Nephritis See also Kidneys, diseases. Pye- 
lonephritis 
blood in, 1272 

Bright’s disease, review of recent literature, 
G38 

glomerular, following infections of sldn, 1192 
glomerulonephritis, G48 
nephroses, G52 

Nephrosis See Kidneys, diseases. Nephritis 

Nervous System See also Brain , etc 
central, and pernicious anemia, 1233 

diagnosis and treatment of vitamin Bi de- 
ficiency affecting central nervous system, 
431 

diseases of central nervous system , etiologlc 
agents in peripheral vascular diseases, 1038 
effect of vitamin A deficiency on, 418 

Neuralgia, atypical facial neuralgia , diagnosis, 
cause and treatment, 340 

Neurodermatis, atopic dermatitis, 211 

Neuwelt, F Basal secretion of digestive 
enzymes in old age, 171 


Noso, asthma and lesions in nose and throat, 
202 

Noth, P H Electrocardiographic changes as- 
sociated with pericarditis, 291 

Nutrition See also rood , Vitamins , etc 
diseases of metabolism and nutrition, review 
of certain recent contributions, 390 
general features in, 457 

Nutter, P B Peptic ulcer and achlorhydria, 
further study of role of acid gastric juice 
in pathogenesis of peptic ulcer, 499 

Obesity, 414 

OntTUAUiES 

Cushing, Harvey, 213 

Old Age, basal secretion of digestive enzymes 
in, 171 

Orbit, formation of edema in eyelids of man, 
influence of local tlssuo pressure, skin dls- 
tenslbillty, lymph flow, intraorbital pres- 
sure gradient and venous pressure, 477 

Otitis Media and mastoiditis, therapeutic ef- 
fects of sulfanilamide and its derivatives, 
079 

Palmer, W L Atrophic gastritis, gastroscopic 
studies on effects of liver and iron therapy, 
preliminary report 7S 

Peptic ulcer and achlorhydria, further sludv 
of role of acid gastric juice in pathogenesis 
of peptic ulcer, 499 

Palsy Sec Paralysis 

Pancreas, activity of Islands of Bangerhans, 
399 

and fat metabolism, 397 
clinical characterization of primary carcinoma 
of body and tail of pancreas, G07 
hypertrophy and hyperplasia of Islands of 
Bangerhans in Infants born of diabetic 
mothers, 221 

pancreatic litliiasis associated with pan- 
creatic insufficiency and diabetes mellltus , 
report of 2 cases S73 

Paralysis, symdrome of pseudobulbar palsy, 
anatomic and physiologic analysis, 10G 

Parasites, diseases due to animal parasites, 
therapeutic effects of sulfanilamide and its 
derivatives, 702 

Parker, B B Primary sarcoma of pericar- 
dium, report of case, 51 

Patch Tests See Anaphylaxis and Allergy 

Pellagra, studies on, 4G1 
use of nicotinic acid in, 439 

Pemphigus use of vitamin D in, 130 

Peptic Ulcer and achlorhydria, further study 
of role of acid gastric juice in patho- 
genesis of peptic ulcer, 490 
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Pericarditis, electrocardiographic changes asso- 
ciated with pericarditis, 291 
Pericardium, adjustments in coronary circula- 
tion after experimental coronary occlusion 
with reference to vascularization of peri- 
cardial adhesions, 240 
primary sarcoma of , report of case, 51 
Peritonitis, therapeutic effects of sulfanilamide 
and its derivatives, G80 
Perkin, H J Level of iodine in blood, 882 
Pheocliromocytoma, clinical manifestations of 
paroxysmal hypertension associated with 
pheocliromocytoma of adrenal , report of 
proved and of doubtful case, 1123 
Phlebitis See also Thromboangiitis obliterans 
etiologic agents in peripheral vascular dis- 
eases, 1044 

Phytobezoar See under Stomach 
Pituitary Body, pituitary gland and carbo- 
hydrate metabolism, 390 
Plotz, Ella Sachs Plotz Eoundation for Ad- 
vancement of Scientific Investigation, 401 

Pneumococci, infections , therapeutic effects of 
sulfanilamide and its derivatives, 683 

Pneumonia, electrocardiography In, 302 
treatment with sulfapyridine , observations on 
toxic reactions, 1144 
Poison Ivy See Rhus, poisoning 

Poisons and Poisoning See under names of 
substances, as Benzene , Lead , etc 

Polycythemia, 1274 

etiologic agents in peripheral vascular dis- 
eases, 1044 

Polyuria See Diabetes Insipidus 

Popper, H Toxic hepatitis , intermediary 
fatal form with enlargement of liver , clin- 
ical and pathological study, 405 
Urea reabsorption and relation between cre- 
atinine and urea clearance m renal dis- 
ease, G27 

Posture, clinical studies in circulatory adjust- 
ments, physiologic relation between pos- 
ture and cardiac output, 178 

Pregnancy, anemia of, 1264 
Infection of urinary tract associated with 
pregnancy, 935 

Protamine Zinc Insulin See Insulin 
Prothrombin See Blood, coagulation 

Puerperal Infection, puerperal sepsis, thera- 
peutic effects of sulfanilamide and its deri- 
vatives, 67G 

Pulse, blood pressures in aortic coarctation , 
study of pulse contours taken by direct 
method, 752 

Purpura, 1278 

liaemorrhagica due to ingestion of sedormld 
(allylisopropylacetylcarbamide) , experimen- 
tal observations and report of case, 122 


Purpura — Continued 

liaemorrhagica following neoarsphenamme and 
bismarsen therapy , further studies on sen- 
sitivity to arsphenamme and tolerance to 
mapharsen, 1158 

Pyelonephritis, 647 

with no history of previous infection of 
urinary tract, 938 

Pylorus, renal calcification accompanying py- 
loric and high intestinal obstruction, 375 

Rackemann, P M Allergy, review of literature 
of 1939, 185, correction, 1295 

Rantz, L A Sulfanilamide in treatment of 
infections of urinary tract due to Bacillus 
coli, 933 

Ravin, A Studies in dystrophia myotonica , 

clinical features and treatment, 763 

Raynaud’s Disease, etiologic agents in periph- 
eral vascular diseases, 1044 

Refraction See Eyes, accommodation and re- 
fraction 

Regan, J F Hyperthyroidism and diabetes, 
1116 

Reimann, H A Epidemic disease of respira- 
tory tract, 138 

Reisinger, J A Dissecting aneurysm of aorta, 
1097 

Renin See Kidneys 

Respiratory Tract, epidemic disease of, 138 

Reticulocytes See Anemia, pernicious 

Reticuloendothelial System, reticuloendothelial 
cytomycosis (histoplasmosis of Darling), 
902 

Rheumatic Fever, acute, 297 

comparativ e study of v alvular calcifications 
in rheumatic and m -’nonrheumatic heart 
disease, 279 

pure mitral stenosis in young persons, 321 
rheumatic heart disease, 1058 

Rhinitis, vasomotor, 195 

Rhus, poisoning, allergic diseases of slun, 210 

Riboflavin See Vitamins, B 

Ribs, cervical rib syndrome , etiologic agents in 
peripheral vascular diseases, 1039 

Rickets, use of vitamin D in, 449 

Rockwern, S S Pancreatic lithiasis associated 
with pancreatic insufficiency and diabetes 
mellitus, report of 2 cases, 873 

Rose-Exton Test See Diabetes Mellitus 

Rosenberg, E F Brain in malignant hyper- 
tension, chnicopathologic study, 545 

Sacks-Libman’s Disease See Endocarditis, ver- 
rucous 

Saland, G Criteria for classification and diag- 
nosis of peripheral vascular diseases, 1035 
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Saliva, basal secretion of digestive enzymes In 
old age, 171 

Sarcoid, generalized sarcoidosis of Boech , clin- 
ical review of 11 cases, with studies of 
blood and etlologic factors, 1003 

Sarcoma See also Cancer 
primary, of pericardium, report of case. Cl 

Scarlet Borer See also Streptococci 
therapeutic effects of sulfanilamide and Its 
derivatives, 078 

Schindler, If Atrophic gastritis, gastroscoplc 
studies on effects of liver and iron therapy , 
preliminary report, 78 

Schlezlnger, N S Evaluation of therapy In 
myasthenia gravis, GO 

Schumacher, I C Purpura haemorrhnglca due 
to Ingestion of sedormld (allyllsopropyl- 
acetylcarbamide) , experimental observations 
and report of case, 122 

Scleroderma, ctiologlc agents In peripheral vas- 
cular diseases, 1045 

Sclerosis, multiple, treatment with nicotinic 
acid and vitamin Bi, preliminary report, 1 

Secretions, Internal See Endocrine Glands 

Sedormld See TJreldes 

Sensation and Sensations, sudden occlusion of 
coronary arteries following removal of car- 
diosensory pathways, experimental study, 
G61 

Sensitization Seo Anaphylaxis and Allergy 

Serum See Blood 

Siclmess See Anaphylaxis and Allergy 

Sinuses, Nasal , sinusitis , therapeutic effects of 
sulfanilamide and its derivatives, G79 

Shin, allergic diseases of, 210 
formation of edema in eyelids of man , influ- 
ence of local tissue pressure, shin dlstensl- 
bility, lymph flow, intraorbital pressure 
gradient and venous pressure, 477 
glomerular nephritis following infections of, 
1192 

Snively, D Pancreatic llthiasis associated 
with pancreatic insufficiency and diabetes 
mellitus , report of 2 cases, 873 

Societies, American Association for Advance- 
ment of Oral Diagnosis, S70 
American Association of Industrial Physicians 
and Surgeons, 870 

American Board of Internal Medlclno, Inc , 
GG0 

American Congress of Physical Therapy, 1295 
American Heart Association, 870 
American Public Health Association, 870 

Spier, E Basal secretion of digestive enzymes 
in old age, 171 

Spine, degenerative lesions in cervical portion 
of, 117S 


Splnh, \Y W Effect of sulfanilamide and 
sulfapyrldino on hemoglobin metabolism 
and hepatic function, 825 
Splenomegaly, Bantl’s syndiomc, 1291 
Spruo, Nontropical Seo Celiac Disease 
Staphylococci, infections , therapeutic effects 
of sulfanilamide and its derivatives, G91 
progress in chemotherapy of bacterial and 
other diseases with reference to prontosils, 
sulfanilamide and sulfa py ridine, G71 

Steatorrhea Seo Celiac Disease 
Stethoscope, acoustical study of, 328 
Stomach, gastric juice and anemias, 1231 
gastroscopy and phytobezoar, report of case 
of diospyrobezoar, 3G8 

Inflammation, atrophic gastritis, gastroscoplc 
studies on effects of liver and iron ther- 
apy, preliminary report, 78 
peptic ulcer and achlorhydria , further study 
of role of acid gastric juice in pathogenesis 
of politic ulcer, 499 

secretion, basal secretion of digestive enzymes 
in old age, 171 
Ulcers Seo Peptic Ulcer 

Streptococci, hemolytic, effect of sulfanilamide 
on fibrinolytic activity of, 744 
infections, therapeutic effects of sulfanil- 
amide and its derivatives, G74 
progress in chemotherapy of bacterial and 
other diseases with reference to prontosils, 
sulfanilamide and sulfxpyrldine, G71 
Streptococcus viridnns endocarditis, 1001 

Sturgis C C Blood, review of recent litera- 
ture, 1211 

Sugar in Blood See Blood, sugar 
Sulfanilamide and Sulfanllamido Derivatives, 
absorption, excretion and distribution, 711 
dosage and administration, 712 
mode of action, 708 

progress in chemotherapy of bacterial and 
other diseases, with reference to prontosils, 
sulfanllamido and sulfa pyridine, G71 
prophylactic value, 705 
therapeutic value of local applications, 707 
Therapy See under Erysipelas, Liver, Men- 
ingitis, Pneumonia, Scarlet Fever, Urinary 
Tract, etc 
toxicity, 717 

treatment of pneumonia with sulfapyridlne , 
observations on toxic reactions, 1144 
Sulfapyridlne Seo under Sulfanilamide and 
Sulfanilamide Derivatives 
Suprarennls Seo Adrenals 
Syphilis Seo under names of organs, regions 
and diseases, as Aortitis, syphilitic, etc 

Thiamin Chloride See Vitamins, B 
Thorax See also Heart, Lungs, etc 
heart disease resulting from deformities of 
chest, 1078 
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Throat, asthma and lesions In nose and throat, 
202 

Thromboangiitis obliterans, etiologlc agents in 
peripheral vascular diseases, 104G 

Thrombocytopenia See Purpura 

Thrombosis See also Embolism 
and embolism , etiologlc agents in peripheral 
vascular diseases, 1041 

Thyroid, diagnosis and treatment of vitamin Bi 
deficieno affecting thyroid, 434 
function and vitamin A, 423 
hyperthyroidism and diabetes, 1116 

Tissue, formation of edema In eyelids of man, 
influence of local tissue pressure, shin dls- 
tensibility, ljmpli flow, intraorbital pres- 
sure gradient and venous pressure, 477 

Townsend, S R Bacterial endocarditis super- 
imposed on sjpliilitie aortic valvulitis, 957 

Tuberculosis, therapeutic effects of sulfanil- 
amide and its derivatives, 695 

Tumors See Cancer , Sarcoma , and under 
names of tumors, as Plieochromocytoma , 
etc 

Tjplioid, therapeutic effects of sulfanilamide 
and its derhatives, 694 

Ulcers, Peptic See Peptic Ulcer 
use of vitamin D in, 450 

Undulant Fever, therapeutic effects of sulf- 
anilamide and its derivatives, 692 

Urea reabsorption and relation between crea- 
tinine and urea clearance In renal disease, 
627 

Ureides, purpura haemorrhagica due to Inges- 
tion of sedormid (allylisopropylacetylcar- 
bamide) , experimental observations and 
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